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INTRODUCTION

BACKGROUND

1. The Air-to-Air Stinger (ATAS) Missile System is an aerial adaptation of the ground
launched, shoulder fired Stinger missile. The ATAS system was initially designed and
developed to provide the OH-58C and OH-58D helicopters with a viable air-to-air
weapon. Installation on the AH-64A consists of a launcher with two Stingur missiles
mounted at each wing tip. The U. S. Army Aviation Systems Command (AVSCOM)
tasked the U.S. Army Aviation Engineering Flight Activity (AEFA) 1o plan, conduct, and
report on a Preliminary Airworthiness Evaluation (PAE) of the ATAS on the AH-§4A
helicopter prior to missile {irings from the Apache by the Army ( ref 1, app A).

TEST OBJECTIVES

2. The objectives of this PAE were to determine the effects of the ATAS configuration
on the handling qualities of the AH-64A helicopter and to provide data for an AVSCOM
Airworthiness Release permitting firing of the ATAS from the AH-64A. An additional
objective was the qualitative evaluation of a fully operational preproduction ATAS sysiem
with captive flight training missiles instalied.

DESCRIPTION

3. The AH-64A is a two place, tandem seat attack helicopter manufactured by
McDonnell Douglas Helicopter Co. (MDHC). The maximum mission gross weight is
17,650 pounds. A single four bladed main rotor provides the aerodynamic lift for the
helicopter. The four bladed tail rotor is semi-rigid, teetering in design with each pair of
blades at 3 55 degree angle to the other pair. The aircraft has conventional wheel-type
landing gear. The helicopter is powered by two General Electric T700-GE-701 engines
rated at 1690 shaft horsepower (sea level, standard day. uninstalled). The mission
equipment and weapon systems are controlled through 3 multiplex MIL STD 1553, dual
channel bus controlied by the fire control computer or by the backup bus controller
during degraded operations.  Wings attached on each side of the fuselage have two
weapons pylons each to provide mounting points for Helllire missile launchers, 2.75 inch
folding fin aerial rocket launchers, or external fuel tanks. A 30mm single barrel
automatic gun is mounted in a turret assenibly on the botiom of the aircralt between the
pilol's and copilot's statons. The pilot's and copilot’s stations have conventional
hydromechanical flight controls with a stability augmentation system providing additianal
aircraft stability. An electrically actuated stabilator, designed to improve the handling
qualities of the helicopter, is mounted on the lower tralling edge of the vertical stabilizer
assembly. A more detailed description of the AR-63A is containred in the operator's
manual (ref 2).

4. Two aircraft were used during the PAE. The engineering flight tests were conducted
on the first production vehicle (PV01) AH-64A, USA S/N 82-23355, which was
instrumented. The aircraft was wiilized by MDHC for air vehicle structural testing, and
much of the mission equipment was not installed or was replaced by dummy replicas.
The ATAS installaion consisted of ejector racks mounted horizontally at each wing tip.




A dummy launcher with two missile replicas was installed at each ejector rack. The
external configuration of PV01 was with eight Hellfire missiles on the the inboard pylons
and the outboard pylons empty and with and without the ATAS system installed.

5. The second aircraft was used for the qualitative evaluation of the preproduction
ATAS system. This aircraft, PV 314, USA S/N 86-8944, was equipped with a fully
functioning preproduction ATAS system and complete operational mission and armament
systems. Three captive flight trainer Stinger missiles were installed on the wing tip
mounted ATAS launchers. A combination of eight dummy and training Hellfire missiles
were mounted to launchers installed on the outboard pylons. Nineteen shot, 2.75 inch
rocket launchers were installed on the inboard pylons. A more complete description of
the test aircraft and the preproduction ATAS system is provided in appendix B.

TEST SCOPE

6. The evaluation was conducted in two phases. The first phase was the PAE flown on
PV01 during the two week pericd, 18 to 28 July 1988, and consisted of 10 flights and
13.2 flight haurs of which 11.3 were productive flight hours. The second phase was a
qualitative evaluation of the preproduction ATAS system consisting of four flights totaling
4.4 flight hours in PV 314 on 7 and 8 October 1988. The second phase included a
cockpit evaluation of the preproduction ATAS and an in-llight evaluation of the ATAS
sighting symbology using captive flight trainer missiles. The in-{light evaluation included
the use of a warget helicopter, the flight path of which was varied to change between a sky
only background and terrain/man-made features background. Baoth phases were
conducted at the MDHC flight test facility at Mesa, AZ (elevation 1392 ft). Phase one
was flown in the eight Hellfire configuration to permit comparison of the test resulls with
previous evaluations. The aircralt and instrumentation were maintained by MDHC
personnel. The second phase of the evaluation was flown with only three Stinger captive
flight trainers installed, two basic missiles and one Passive Optical Seeker Technique
(POST) missile. Flight restrictions and opérating limitations were established by the
operator's manual (ref 2), the ATAS Supplement to the operator’'s manual (ref 3), and
the airworthiness release (ref ). The evaluation was ¢Snducted in accordance with the
test plan (ref 5). Tests and test conditions are presented in table 1. The results of this
evaluation were compared against previous AEFA reports (refs § and 7) and the AH-64
system specification (rel 8).

TEST METHODOLOGY

7. The flight test data were recorded by hand {rom test instrumentation displayed in the
cockpit and by on-board magnetic ape recording equipment. Real time telemetry was
used to monitor selected parameters. Instrumentation and recorded parameters are
presented in appendix C.  Accepied test techniques and data reduction methods in
accordance with Naval Air Test Center FTM 10§ (ref 9) and described in appendix D
were used for the evaluation. Data recording and reduction facilities at MDHC were used
to reduce and plot data. Handling Qualities Rating Scale (fig D-1) and Vibration Rating
Scale (fig D~2) were used to augment pilot comments on the aircraft handling qualities




Table 1. Test Conditions?

Average Average | Average Trim
Gross Center of| Density | Calibrated
Weight Gravity | Altitude | Airspeed
Type of Test (Ib) (FS)2 (ft) (kts) Remarks
15.850 208.7 6800 35-135 ATAS Level
14,970 205.6 5600 48-131 ATAS Removed | flight
Control Positions 14,870 203.8 7750 44-110 ATAS Climbs at
in Trimmed 15,350 205.5 7780 50-110 ATAS Removed | IRP*
Forward Flight®
14,870 205.8 7240 142-171 ATAS Dives
15,350 205.5 6950 148-175 ATAS Removed | atl IRP
14,810 205.9 6570 98 Aulorotative Descents
Staric Longitudinal Level flight rim, vary alrspecd
Stabllity 15,470 2058.7 7350 119 Incrementally 20 kte from trim
Static Lateral- Level flight trim, vary sideslip
Ditectiona! Stability?| 15,000 V5.8 6870 121 incrementally to 215 degrees
15,240 205.7 6030 69
Maneuvering Left and right wrns 10 60 degree
Stablity 14,810 05.8 7060 120 bank
15,090 205.3 6980 110-120 Level fiight
Dynamic Stabitity o - -
15,010 205.7 1640 0 Hover, 15 ft wheel height
135,450 208,17 2030 114, Longitndinal | Axes in
14,740 205.8 £130 122 Latsal . level flight
Conuollabitivy 15,270 205.7 6480 120 Directional
14,960 3088 1360 Lateral and directional axes,
13,450 208.7 1550 (4] 15 It wheel height
Low-Speed Flight 15,220 038.7 180 0-45° _ idewardl 1§ 1t
Charactesisties 14,980 205.8 3230 0-45¢ Rearward/forward [wheel helght
Simulated Single- Accelerate 10 60 &t after engine
Eaglne Fallure 15.720 208.8 6296 44 fatture with minimum aliliude loss
Miuton Miszion-ortented tasks and
Mancuvesing 15.440 087 3160 0-80 tratning mancuvers
Characterisites
NOTES:

"Tests were conducted in ball-centered flight and the ATAS/8-Hellfire configuration except as noled, with digiial
automatic siabilizatlon equipment ON, force titm ON, sllitude hold OFF, siabllator AUTO and rotor speed at

100% (289 1pm).

3Center of gravitiee over the range of 205.5 to 205.8 are aft.

*Pitot-static system performance was evaluated la level flight in conjunction with control positioa tests and slatic

lateral-directional stabditity tests.
4RP: Intermedlate rated power.
SKTAS: Kuots true aitspeed.




and airframe vibration levels. Abbreviations and acronyms used in this report are defined
in appendix F.




RESULTS AND DISCUSSION

GENERAL

8. A Preliminary Airworthiness Evaluation (PAE) of the AH-64A equipped with
Air-to-Air Stinger (ATAS) missile system was conducted at the McDonnell Douglas
Helicopter Co. (MDHC) flight test faciliies in Mesa, Arizona. The evaluation was
conducted in two phases. The first phase was an evaluation of the effects of the ATAS
installation on the handling qualities of the AH-64A. The second phase was a human
factors evaluation of the installation of a fully operational preproduction ATAS system
using captive flight training Stinger missiles. Handling qualities of the AH-64A with the
ATAS system installed were quantitatively and qualitatively evaluated and found to be
essentially the same as the basic AH-64A. Specific shortcomings associated with the
ATAS system were: poor integration of the Air-to-Air Stinger missile system, which is
not directly compatible with the MIL STD 1553 data bus of the AH-64; insufficient
ATAS sighting symbology, which does not provide the copilot/gunner with accurate
missile seeker line of sight relative to the selected sight line of sight except in FLIR wide
field of view; reduction in storage space imposed by the ATAS installation in the aft
storage bay. location of the repositioned chaff fire switch on the ¢yclic hand grip: and the
manual reset feature of the ATAS missile sequencing logic. The absence of an altitude
encoding feature in the installation of the AN/APX-100(V) transponder was a
shortcoming not associated with the ATAS modification. Nine previously reported
shortcomings were evaluated during this test and still exist. Seven recommendations
specific 1o the ATAS installation are made.

HANDLING QUALITIES
Control Positions in Trimmed Forward Flight

9. Control positions in ball-centered, trimmed forward flight were evaluated with the
DASE and TRIM ON, and the ATTITUDE HOLD OFF under the conditions presented
in table 1. The tests were conducted with the ATAS launchers/nussles installed during
level flight, internediate rated power (IRP) dives, IRP climbs, and autorotative descems.
Selected data points in level flight, IRP dives, and IRP climbs were repeated with the
ATAS launchers/migsiles removed. Data are presented in figures E-1 through E-3. In
IRP dives, an aft migration of longitudinal control position occurred with mcreasing
airspeed above 155 knots calibrated airspeed (KCAS). Control margins were adequate
for ail tests. For the tested fight conditions, control positions in wimmed forward flight
were essentially the same with ATAS launchers/missites installed of removed, were
unchanged from previously reported results, and are satisfactory. However, control
positions in IRP dives fail to meet the requirements of paragraph 10.3.3.1.2 of the AH-64
systems specification (rel 8, app A) in that longitudinal control position required for trim
became increasingly aft as airspeed inct “sed beyond 155 KCAS.

Static Longitudinal Stability

10. The collective fixed stauc longitudinal stability characteristics of the ATAS AH-64A
were evaluated at 119 KCAS with the DASE and TRIM ON, and the ATTITUDE HOLD
OFF under the conditions presented table 1. Data are presented in figure -4, The




evaluation was conducted by trimming the aircraft in level flight at the test airspeed and
then varying the airspeed incrementally to 20 knots each side of trim. The helicopter
exhibited very weak positive static stability as indicated by the slightly increasing forward
longitudinal stick position with increasing airspeed and slightly increasing aft longitudinal
stick position with decreasing airspeed. The static longitudinal stability characteristics of
the AH-64A with ATAS at 119 KCAS are unchanged from the basic helicopter and, as
previously reported (re{ 6), the static stability characteristics of the AH-64A are
satisfactory for flight in visual meteorological conditiuns.

Static Lateral-Directional Stability

11, The collective fixed static latera!-directional stability characteristics of the ATAS
AH-64A were evaluated in level flight at 121 KCAS with the DASE and TRIM ON and
the ATTITUDE HOLD OFF under the conditions presented in table 1. Data are
presented in figure E~5. The test was petformed by stabilizing the aircraft in ball-
centered, level flight, uimming out control forces, and then incrementally increasing the
sideslip angle while maintaining a constant heading flight path. The aircraft has pasitive
directional stability as indicated by increasing left direction... control displacement with
increasing right sideslip and increasing right directional contsal displacement with
increasing left sideslip. The directiongl coatro! displacement to sideslip gradient is
constant. Positive effective dihedral, s indicated by increasing right lateral control
displacement with increasing right sideslip and increasing left lateral control displacement
with increasing left sideslip, was also present. Positive side force cues, as indicated by
increasing right roll attitude with increasing right sidestip, were weak at approximately hall
a degree of roll antilude for each degree of sideslip. The satic hateral-directional
characteristics of the ATAS AH-64A a1 121 KCAS are satisfactory and unchanged lrom
the basic aircraft.

Maneuvering Stabllity

12. The mancuvering stability characteristics of the ATAS AH-64A were evaluated at
approximately 69 and 120 KCAS with the DASE and TRIM ON and the ATTITUDE
HOLD OFF under the conditions presented in table 1. Data are presented in figures -6
and E-7. The et was performed by wimming the aircraft in level, ball-centered flight,
fixing the collective and thea incrementally sabilizing at increasing bank angles. The
aircrait exhibited positive manecuvering stability 3¢ both tested alrspeeds in that
increasingly aft tongitudinal control position was required with increasing 1oad factor. The
longitudinal contral position to load factor gradicnt at 69 KCAS and at airspeeds near 120
KCAS was similar to that noted in previous tests {reis 6 and 7). As noted during the Pirst
Article Preproduction Tests (ref 6) significant control activity in pitch and roll is required
1o maintain airspeed and roll attitude during Right at left or right bank angles approaching
60 degrees. There were no significant variztions in pitch rate or stabilatos position noted
in the data. Pitch rate is an input to the stabilator control units. The increasing sensitivity
in pitch of the rolor system to verdcal gusts or longitudinal control inputs with increasing
load factor was also noted. The maneuvering stability characteristics of the ATAS
AH-64A Rt load lactors tess than 1.9 are satisfactory and unchanged from the basic
aircraft.




Dynamic Stability
General:

13. The dynamic stability characteristics of the ATAS equipped AH-64A were
evaluated with the DASE and TRIM ON, and the ATTITUDE HOLD OFF under the
conditions presented in table 1. A hand held control fixture was employed to control
input size for pulses used to excite the short term response.

Longitudinal Long Term Response:

14, The longitudinal long term response characteristics were evaluated at a trim airspeed
of 110 KCAS by application of aft longitudinal stick to slow the aircraft approximately
10 knots from trim airspeed. The longitudinal control was then smoothly returned to the
trim position, and the resultant response observed and recorded with control positions
fixed. The long term response was easily excited and dynamically unstable with a period
of approximately 65 seconds. Recovery was accomplished easily, and was initiated after
two cycles in order to avoid exceeding attitude and/or airspeed limits. The longitudinal
long term response characteristics of the ATAS AH-64A are unchanged from the basic
aircraft and are satisfactory.

Longitudinal Short Term Response:

15. The longitudinal short term response was evaluated at a trim airspeed of
approximately 110 KCAS by making one-inch longitudinal pulse inputs which were held
for approximately 0.5 second. Representative time history data are presented in
figure E-8. The longitudinal short term response of the ATAS AH-64A was essentially
deadbeat, unchanged from the basic aircraft, and satisfactory.

Lateral-Directional Response:

16. The lateral-directional dynamic stability characteristics were evaluated at a trim
airspeed of approximately 120 KCAS. The evaluation was conducted by making
one inch, single axis lateral and directional pulse inputs and by control releas.s from
steady heading sideslips of 10 degrees from ball-centered flight. The centering
characteristics of the force trim system were used to place the controls at trim.
Representative time history data are presented in f{igures E-9 through E~11. The
response during the lateral pulse was heavily damped, with one small overshoot in the yaw
axis noted. The lateral~directional oscillation characteristics of the ATAS AH-64A are
unchanged from the basic alrcraft and are satisfactory.

Spiral Stability:

17. The spiral stability characteristics were evaluaied at 120 XCAS by displacing the
aircraft from trimmed flight to a § degree left or right roll attitude, then smoothly
returning all controls to the trim positions. The controls were then fixed at the trim
position and the resultant response observed and recorded. The aircraft exhibited neutrai .
spiral stability, in that roll attitudes showed no varlation in a left or right turn over a
20 second period. The spiral stubllity cliaracteristics of the ATAS AH-64A are
unchauged from the basic airciaft and are satisfactory.




Adverse Yaw:

18. The adverse yaw characteristics were evaluated at 120 FZAS by turns initiated with
lateral cyclic only. A representative time history performed at a trim airspeed of
119 KCAS is presented in figure E-12. The aircraft exhibited no adverse or proverse
yaw, as indicated by the absence of observed transient yaw response during the rapid
lateral cyclic inputs. The adverse yaw characteristics of the ATAS AH-64A are
unchanged from the basic aircraft and are satisfactory.

Gust Response:

19. The gust response characteristics were evaluated during the course of the PAE at
various flight conditions and airspeeds, and in calm and lightly turbulent atmospheric
conditions.  Specific tests used for this evaluation were: collective pulse inputs of
0.5 second duration, and the techniques used to evaluate the short term response
evaluation described in paragraph 15. The response was generally heavily damped with
one excepticn. During IRP diving flight in light turbulent atmospheric conditions, it was
qualitatively observed that small gust disturbances in the longitudinal axis resuited in
attitude and airspeea changes from which the aircraft exhibited no tendency to return to
the trim conditions. The gust response characteristics of the ATAS AH-54A in level
flight are satisfactory.

Coutrollability
General:

20. Co~ollability tesis were conducted with the TRIM and DASE ON at a hover and in
forwarc ¢ igl- to evaluate the control power, control response, and control sensitivity
characturist:cs of the ATAS AH-64A. Test conditions are presented in table I. A
free~hand control fixture was used to set the step input size and permit a brisk control
input. Controilability was measured in terms of aircraft atitude displacement (control
power), maximum angular velocity (control response), and maximum angular
acceleration (conirol sensitivity) about an aircraft axis following a control step input of a
measured size. Data reduction techniques for the controllability tests are presented in
appendix D.

Forward Flight:

21. The iongitudinal controllability characieristics were evaluated at an average tritn
airspeed of 114 KCAS. Longitudinal controllability data are presented in figure E-13
with a represeniative time history at a trim airspeed of 105 KCAS presented in
figure E-14. Longhtudinal control power and response were similar in both forward and
aft directions. The rates and accelerations were linear with respect to control input
magnitudes. Longitudinal control response was predictable, sithough an initial slight
hesitation in a change in pitch atttude was evident during control inputs in both
directions. Aft step inputs caused a coupled right roll response. No control coupling was
evident during forward step inputs. The longitudinal controllability characteristics of the
ATAS AH-64A wut 114 KCAS are unchanged from the basic aircraft and are satisfaciory.
- The longitudinal controllability falled 10 meet the requirements ol paragraph 10.3.4.4.2 of




the AH-64 systems specification in that the average response time to a longitudinal
control input was 0.4 seconds where 0.7 was required. The shorter delay time was
acceptable to the pilot.

22. The lateral controllability characteristics were evaluated at an average trim airspeed
of 122 KCAS. Lateral controllability data are presented in figure E~15 with a
representative time history at a trim airspeed of 120 KCAS presented in figure E-16. The
high lateral control power was similar in both directions. An initial hesitation in a change
in roll attitude was noticeable but not objectionable. The rates were linear with respcct to
control input magnitude. The lateral controllability characteristics of the ATAS AH-64A
at 122 KCAS are unchanged from the basic aircraft and are satisfactory. The lateral
controllabiiity failed to meet the requirements of paragraph 10.3.5.2.1 of the AH-64
systems specification in that the average response time to a lateral control input was
0.3 seconds where 0.7 was required. The shorter delay time was acceptable to the pilot.

23. The directional controllability characteristics were evaluated at an average trim
airspeed of 120 KCAS. Directional controllability data is presented in figure E-17 with a
representative time history at 119 KCAS presented in figure E~18. Directional control
power and response were similar in both directions. The rates were linear with respect to
control input magnitude. The directional control response was predictable, with no
tendency to overcontrol. Left pedal step inputs caused a coupled left roll and nose up
pitch response, and rigit pedal step inputs similarly caused a coupled right roll and nose
down pitch response. The directional controllability characteristics of the ATAS
AH-64A are unchanged from the basic aircraft and sre satisfactory.

Hover:

24. The lateral and directional controllobility characteristics of the ATAS AH-64A were
evaluated in a hover at a 15 foot wheel height. Wind conditions were less than
three knots. Data are presented in figures E-19 and E~20 with a representative time
history for a directional step input presented in figure E-21. Lateral controllability
characteristics were generally similar to those observed in forward flight and described in
paragraphs 22 and 23. The lateral control sensitivity had a more linear response at a
hover. The directional control power and response were similar in both directions and
were noticeably larger than in forward Qlight. For directional control inputs of less than
spproximately 3/4 inch, sleady stote rates were adequate and predictable. Larger
direcional control inputs in each direction were characterized by acceleration to a steady
state, then after 1 to 2 seconds a second acceleration occurred accompanied with nose
down pitch coupling. Engine torque fluctuations of up to 20 percent were noticeable
during large pedal step inputs. The lateral and directional controllability characteristics of
the ATAS AH-64A in a hover are satisfactory.

Low Speed Flight Characteristics

25. The low speed flight characteristics of the ATAS AH-64A were evaluated with the
DASE and TRIM ON at the conditions presented in table 1. Test were performed up to
45 knots true airspeed (KTAS) in forward, rearward, and sideward flight at a wheel
height of 15 feet. Data are presented in figures E-22 and E-23. Adequate control




margins (greater than 25 percent total control travel) remained in all axes over the range
at airspeeds and azimuths tested, and the stabilator remained programmed at 25 degrees
trailing edge down. Maintaining steady forward and right sideward flight required
minima!l pilot compensation and aircraft vibrations were slight. At approximately 15
knots left sideward flight, an abrupt charge in yaw and pitch attitudes occurred, requiring
an increase in aft cyclic and right pedal at higher airspeeds. With the exception of
rearward flight and for the azimuths and airspeeds tested, the aircraft was easy to fly.
During rearward flight at and above 20 knots, attitude control in all axes was significantly
more difficult, requiring nearly constant cyclic and pedal corrections, and aircraft
vibrations were considerably greater (VRS 5). The low speed flight characteristics of the
ATAS AH-64A are satisfactory.

Mission Maneuvers

26. The mission mansuvering characteristics were evaluated to determine the effects of
the ATAS installation on the handling qualities of the AH-64A. The manszuvers were
performed with the DASE and TRIM ON and the stabilator in automatic mode. Test
conditions are presented in table 1. The mission maneuvers used in this evaluation were:
jump takeoff from light on wheels; level acceleration to 60 knots indicated airspeed
(KIAS) followed by a quick stop; 40 KIAS vertical pop up using up collective or aft
longltudinal stick; bob up and down, lateral acceleration left and right to 45 KTAS; leval

acceleration from €0 10 120 KIAS; IRP dives to never exceed airspeed (Vyg): and dive
recoveries from sha'"ow and moderate dive angles. Included in the mission maneuvers
wers ~ ‘shovors to load factors of 0.5, performed at 80 and 120 KIAS. The pushovers
wers done from a pull up and the aircraft was stabilized on the target load factor for one
sscond. The mission rnaneuvering handling qualities of the AH-64A with the ATAS
installed are t:nchanged from the basic alrcraft and satsfactory for flight during day,
v'~ual Waeteorological conditors.

SIMULATED SINGLE ENGINE FAILURES

27. Simulated single englue f2'lures were evaluated over a range of gross weights from
14,540 t0 15,790 1b in the eight Helllire configuration under the conditions presented in
table 1. The purpose of performing the iest was to develop data for future helicopter
developinents with emphasis or lov speed, nap of the eanth (NOE), single englne fallures.
The tesis were nerlormed by stabilizirg the alrtrait in forward flight at 40 KIAS aad
SO {eed above ground level, simulating NGo flight, and rapidly retarding a single powa:
lever to IDLE. The aircralt was then accele. ated to the airspeed for best rate of climb
JVy) using up to contingency power on the operating engine. The pilot's tesk was o
minlinize aitlude loss (10 fect maximum) during the mancuver The tegt was periormed
withh no pilot delay following thu simulated engine failure and with a on~ second delay, A
representative tima history for the maneuver is presented ir. tigure E-24. For a
representative maneuver at a density altitude of 6800 ft, maneuver entry dusl engie
turque was 52 percent. Following the simul”ted slagle engine failure, power transientt 1p
to 114 percent torque were experiencea on the operating engine and the turbine gz
teimperature was less than 900 degrens C. Two feet of altitude were lost as indicated on
the radar altimeter. Dual angine torque settings for the entiy of the mancuver were such
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that sustained single engine flight was expected. The technique used after entering the
maneuver was to maintain the 40 KIAS attitude and slowly increase collective to the
single engine limits or until altitude began to increase. At this point, forward longitudinal
cyclic was applied to increase airspeed. As the airspeed increased and power required for
level flight decreased, a climb began. For the gross weights evaluated, and at tha density
altitudes the test was performed, the maneuver was very easily performed.

VIBRATION CHARACTERISTICS

28. The vibration characteristics of the AH-64A with the ATAS system installed were
qualitatively evaluated in conjunction with all other testing. Significant fourth harmonic
vibrations of the main rotor were evident to both crewmembers under the following flight
conditions: IRP climbs (VRS §5), IRP dives (VRS 6), normal approach below
approximately 35 knots (VRS 35), and during rearward flight above 20 knots (VRS §).
These vibration characteristics have been previously reported as an aircraft shortcoming,
and are not considered to be aggravated by the ATAS installation. Observations by the
test crew and by the chase crew detected no unusual vibrations of the wing tip or the
ATAS launchers/missiles.

AIR-TO-AIR STINGER INSTALLATION
System Integration

29. The integration of the ATAS system on the AH-64A was qualitatively evaluated for
compatibility with the fire conwrol system and MIL STD 1553 bus of the Apache. The
AH~-64A ATAS was an adaptadon of the QGeneral Dynamics system built for the
OH-58D, and had to be “made to fit" on the AH-64A. Direct electronic connections
between the ATAS interface electronics assembly (IEA) and the lire control system of
the AH-64A are not possible. The signal conditioner unit (SCU) is required to permi
the IEA to connect with the fire control system of the AH~64A along with the use of the
DASE computer and the right forward avionics bay (FAB) multiplex remote terminal unit
(MRTU). This “patch on™ approach to a new system installation on the Apache will add
unnecessary weight and componemts. The poor integration of the Air-to~Alr Stinger
missile system, which is not directly compatible with ine MIL 8TD 1553 data bus of the
AH-64A is a shortcoming. The production Air-to-Air Stinger missile system installation
on the AH-64A should be fully integrated with the alrcraft fire control system MIL STD
1553 data bus.

Missile Sighting Symbology Implementation

30. The implementation of a sighting symbology for the ATAS missile system was
qualitatively evaluated for tactcal utitity. The sighting system consists of the lock on after
launch (LOAL) and the lock on belore launch (LOBL) boxes concentrically displayed on
the sighting system of the crew statlon where ATAS is selected. The ATAS sighting
symbology permits the pilot or copilot/gunner (CPG) to direct the missile seeker head to
the selected line of sight (LOS). A more thorough description Is presented in appendix
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B. For the pilot the ATAS sighting symbology is available in either the helmet mounted
display (HMD) or night vision system (NVS) positions of the SIGHT SEL switch. In the
NVS position the ATAS reticle is imposed over the 30 x 40 degree field of view forward
looking infrared (FLIR) image. In either the HMD or NVS positions the ATAS reticle
maintains an accurate relative position in the HMD field of view for the missile seeker
LOS. For the CPG an accurate relative position of the seeker LOS, as presented by the
ATAS sighting symbology, is available only in FLIR wide field of view on either the
optical relay tubes (ORT) displays or the CPG HMD. Should the CPG select any day
television (DTV) field of view or a FLIR field of view other than WIDE, the ATAS reticle
will not provide the CPG with an accurate relative position between the seeker LOS and
the displayed field of view. In a tactical situation where either the pilot or CPG acquires a
potential airborne threat, it may not be possible to identify the target without using a field
of view which provides more than 1 power magnification. The crew could select ATAS
and lock up the target, but identification would then be mandatory. To insure the target
is a threat, the CPG would have to select a narrower, greater magnification, field of view.
The ATAS symbology would be present in the selected field of view, howaver, it will not
necessarily provide an accurate presentation of the seeker head LOS relative to the
selected sight LOS, even when the missile {5 locked up on the desired target. The CPG
would have to select up to the FLIR wide field of view, confirm the target is still locked
up by the missile, and then fire the missile. The problem becomes much more acute
should friendly and threat aircraft be present simuitaneously in the FLIR wide field of
view, The necessity to confirm seeker LOS and launch the missile in the FLIR wide field
of view increases the engagement time of the ATAS and reduces the system effectiveness.
The insuffictent ATAS sighting symbology, which does not provide the copilot/gunner
with accurate missile seeker line of sight relative to the selected sight line of sight except in
FLIR wide field of view, is a shortcoming. The ATAS sighting symbology of the
production ATAS system for the AH~64A should provide the copilot/gunner with an
accurate presentation of the relative posidon of the missile seeker in all FLIR and day
television flelds of view.

Missile System Reset Feature

31. The missile reset feature of the ATAS system was evaluated for function. Located
on the ATAS air-to-air {ATA) control panel in each cockpit is & RESET switch which
resets the missile firing sequence back to missile #1 (lower left). In order to function
properly, the SAFE/ARM switches in both cockpits must be set to SAFE. The reset
switch is then held in the RESET position at which point the IEA reruns built in test
(BIT) and selects the #1 missile as next to be launched. The requirement to coordinate
the elforts of both crew members to activate the RESET feature detracts from more
important crew duties that a tactical situation would dictate. The manual reset feature of
the missile sequencing logic for the ATAS system installation on AH-64A which requires
the combined efforts of both crew members is a shortcoming. The reset feawure of the
ATAS missile sequencing logic should be fully automated on the production ATAS for
the AH-64A.

Use of ARt Storage Bay

32. The use of the aft storage bay for the installation of the electronic components of the
ATAS system was evaluated for the effect such installaton has on the reduction of
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aircraft storage space. The aft storage bay is designed for storage of aircraft covers, tie
down devices, and crewmember personal equipment. As described in appendix B (see
fig. B-9) the ATAS installation requires the mounting of the IEA and SCU in the aft
storage bay along with an exhaust fan and the repositioning of the power supply for the
external lighting system. The ATAS installation layout negates the use of the
compartment for storage in spite of the fact that the components do not physically occupy
the entire volume of the bay. The only alternate storage location is the survival kit bay in
the forward tail boom. The space and weight limitations of the survival kit bay combined
with the total lack of storage space anywhere else on the aircraft severely limit the storage
space for the flight crew. An Apache crew operating in the field requires the storage
space necessary not only for survival kits but the mandatory equipment required to
function semi-autonomously during field operations: field gear, chemical protection
ensembles, and a minimum of personal equipment. The reduction in storage space
imposed by the installation of the Air-to-Air Stinger missile system in the aft storage bay
is a shortcoming. Consideration should be given to adding the necessary equipment bays
to support current and future new systems installation in the AH-64A.

External Aircraft Lighting

33. The proposed relocation of the anticollision lights and the navigation lights, made
necessary by the ATAS modification and described in appendix B and depicted in
figure B-15, was evaluated. With the lights mounted on the engine nacelles, two areas in
the flight environment of the aircraft exist that are not illuminated by either navigation or
anti-collision lighting. These are the area directly to the rear of the aircraft, where
lighting (except for the aft navigation light) is blocked by the stabilator, and the area
forward and below the nose of the aircraft, where lighting is blocked by the wings and
wing stores. The proposed external light conliguration may jeopardize safe operation of
the aircralt in a non-tactical night or limited visibility environment. It is recommended
that the coverage of anticollision and navigation lighting systems be further evaluated
during future government developmental tests. This lighting conliguration failed to meet
the requirements of paragraph 3.7.9.3 of the AH-64 system spacilication in that the field
of coverage Is insufficient.

RUMAN FACTORS
General

34. An evaluation of the human factors elements of the AH-64A ATAS systeri was
conducted dirough an in-depth review of the proposed design and installation plan.
Included in the evaluation was an in-flight assessment of the fully operational
preproduction ATAS system with captive flight training missiles against an airborne target
helicopter. Primary emphasis was placed on control/equipment locations, system sighting
displays, switch functions, and ease of operation of system controls.

Cyclic Geip

35. The cyclic grip modilications are described in appendix B and depicted in
figure B-22. Operation of the ATAS system will require use of the weapons action select

13




(WAS) switch at the top of the grip, the cage/uncage switch at the bottom of the grip, and
the trigger switch, in addition to symbology, communications, and trim switches. A pilot
with an average sized hand (glove size 9) will have difficulty in operating the switches on
the cyclic and will frequently be required to reposition his hand on the cyclic grip in order
to perform the necessary functions. The poor anthropometric design of the cyclic grip has
been previously reported, and remains a shortcoming.

Chaft Fire Switch

36. The repositioned chaff fire switch was qualitatively evaluated for interference with
the radio/intercommunications rocker switch. To accommodate the use of the WAS
switch to select the ATAS system, the chaff fire switch was repositioned to the upper left
inside of the cyclic grip opposite the radio rocker switch as depicted in figure B-19. The
close proximity of the two switches will result in the chaff fire switch interfering with the
operation of the radio rocker switch or the inadvertent firing of chaff at an inappropriate
moment. The location of the repositioned chaff fire switch on the cyclic handgrip will
interfere with the operation of the cyclic intercom switch, and is a shortcoming. Further
consideration should be given to the overall design of the cyclic hand grip to
accommodate the installation of the ATAS system.

PITOT-STATIC SYSTEMS

37. The ship pitot-static systems were evaluated to determine any effects of the system
installation caused by the proximity of the launchers/missiles to the wing mounted pitot
probes of the aircraft. The pilot’s (right pitot probe) and copilot's (left pitot probe)
airspeed data were compared against the calibrated data for the boum airspeed system.
Data were collected concurrently with trimmed flight control position tests (level flight,
climbs, dives, and autorotations) and static lateral-directional stability test (steady
heading sideslips). Data are presented in figures E-25 through E-27. Selected data
points were repeated at the same t2st conditions and aircraft configuration except that the
ATAS launchers/missiles were removed. The ATAS Installation had no effect on the right
pitot system of the atrcraft. However, the left system displayed a one to two knot increase
in airspeed signal at all airspeeds, directly aurlbutable 1o the ATAS instzllation. The
differental in airspeed signals was sufficiently small to have no measurable effect on
stabilator scheduling. Because the ejector rack fairings were not installed, & is
recommended that a similar pitot-static evaluation be conducted with the fairings
installed.

TRANSPONDER ALTITUDE ENCODING

38. The absence of an altiwude encoding, MODE C, feature in the AN/APX~100(V)
transponder installation on the AH-64A was qualitatively evaluaied for degradation of
flight safety and operational/training limitations. The use of an aliitude encoding
wransponder in the National Airspace System (NAS) permits ground based radar
controllers to provide accurate and timely separation information to aircraft in a given
area. A requirement cusrently exisis for MODE C capability 1o operate an aircralt in
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much of the NAS controlled airspace, and the airspace concerned is rapidly expanding
because of the increased safety margin afforded by positive air traffic control. The
AH-64A is qualified for flight in instrument meteorological conditions (IMC), and
operational pilots are required to demonstrate and maintain proficiency in instrument
flight in accordarce with the Aircrew Training Manual (ref 14). In order to meet these
training requirernents, aircrews necessarily interface with the civil airspace structure. The
night margina! visual meteorological conditions capability of the AH-64A presents the
flight crew with the unique opportunity to conduct flight training operations in conditions
that may result in the loss of all external visual cues. In order to safely continue flight in
IMC, aircrews again are required to interface with the civil airspace structure. Occasional
ferry flights (between training areas, to/from maintenance facilities, etc) are a recognized
requirement for all Army aircraft, and are necessarily conducted within civil controlled air
space. A MODE C capability would allow the AH-64A to comply with an expanding
requirement in the NAS structure while significantly contributing to safe aircraft operation
whenever in controlled airspace. The absence of an altitude encoding feature in the
instatlation of the AN/APX-100(V) transponder in the AH-64 is a shortcoming. Future
production AH-64 aircraft should incorporate a transponder altitude encoding capability.

MISCELLANEOUS

39. The following shortcomings, which have been previously reported, were evaluated
durirg this test and still exist. The references and paragraph numbers following each item
are the original sources for the shortcoming.

a. The objectionable d/rev (19.3 Hz) vertical vibraton characteristics (refl 6.
para 38).

b. The restriction to the pilot's field of view caused by window edge distortion, the
overhead circuit breaker panel, canopy reflection, copilot/gunner helmet, and the Pilot
Night Vision System turret (ref 11, paras 32, 45; ref 12, para 86).

¢. The [failure of the Heading and Attitude Relerence System to consistently align
with the correct magnede heading (ref 6, para 50).

d. The insufficient indications to the pilot of a balanced fuol condition between the
fore and alt fuel cells during fuel transler/crossfeed operations (ref 6. para 41; refl 13,

para 73).

¢. The poor amthropometric design of the pilot cyclic grip (rel 6. para 42; ref 13,
para §7).

. The excassive accumulation of oil on the main transmission deck and in the upper
fairing access area (ref 11, para 82).

g The lack of raliable indication of parking brake status (ref 13, para 60).

h. The poor readability of the transponder code numbers (ref 6. para 47).
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i. The washout of the rocket panel display, Marconi instrument indications, and
caution, warning, and advisory panel segment lights in direct sunlight (ref 11, para 67).
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CONCLUSIONS

GENERAL

40. The following conclusions were reached upon completion of the preliminary
airworthiness evaluation of the AH-64A equipped with the Air-To-Air Stinger (ATAS)
missile system: (See app D for definition of shortcoming)

a. The handling qualities were essentially the same as the AH-64A without the
ATAS system installed.

b. Five shortcomings associated with the ATAS system were identified.
¢. One shortcoming not associated with the ATAS was identified.

d. Nine previously reported shortcemings of the AH-64A were evaluated during this
test and still exist.

e. Four items of specification noncompliance were identified.

41. The aircraft was very easily recovered from a simulated single engine failure at
40 KIAS and 50 ft above ground level by maintaining near level flight and accelerating to
best rate of climb speed (Vy).

SHORTCOMINGS

42. The following shortcomings associated with installation of the ATAS missile system
on the AH-64A were identilled and are listed in order ol relative importance.

a. The poor imegration of the Air-to-Air Stinger missile sysiem, which is not directly
compatible with the MIL STD 1553 data tus of the AH-64A (para 29).

b. The Insuflicient ATAS sighting symbology, which does not provide the
copilot/gunner with accurate missile seeker line of sight relative to the selected sight line
of sight except in FLIR wide field of view (para 30).

¢. The reduction in storage space imposed by the installation of the Air-to-Air
Sunger missile system in the alt storage bay (para 32).

d. The location of the vepositioned chalf fire switch on the cyclic hand grip will
interfere with the operation of the cyclic intercom switch (para 36).

¢. The manual reset feature of the missile sequencing logic for the ATAS system
installation on AH-64A which requires the combined sfforts of bouth crew members
(para 31).

43. The following shoricoming of the AH-64A not associated with the ATAS systern was
identified: The absence of an altitude encoding feature in the installation of the
AN/APX-100(V) transponder in the AH-64A (para 38).

44. The following shortcomings, which were reported during previous tests of the
AH-64A, were evaluated during this test and still exist.
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a. The objectionable 4/rev (19.3 Hz) vertical vibration characteristics.

b. The restriction to the pilot’s field of view caused by window edge distortion, the
overhead circuit breaker panel, canopy reflection, copilot/gunner heimet, and the Pilot
Night Vision System turret.

¢. The failure of the Heading and Atiitude Reference System to consistently align
with the correct magnetic heading.

d. The insufficient indications to the pilot of a balanced fuel condition between the
fore and aft fuel cells during fuel transfer/crossfeed operations.

¢. The poor anthropometric design of the pilot cyclic grip.

f. The excessive accumulation of cil on the main transmission deck and in the upper
fairing access area.

g The lack of reliable indication of parking brake status.
h. The poor readability of the transponder code numbers.

i. The washout of the rocket panel display, Marconi instrument indications. and
caution, warning, and advisory panel segment lights in direct suniight.

SPECIFICATION NONCOMPLIANCE

45. The AH-64A equipped with the ATAS missile system was feund to be not in
compliance with the following paragraphs of the AH-64 system specification (ref 8,

app A). Additional specification noncompliance beyond the scope of this evaluation may
exist.

3. 3.7.9.3 - the field of coverage of the external lighting configuration is insufficient

{para 33).

b. 10.3.3.1.2 - longiwudinal control position required for trim becomes increasingly
aft as airspeed is increased beyond 155 knots calibrated airsp.ced (para 9).

¢ 10.3.44.2 - the average response time to a longitudinal control input was
0.4 scconds where 0.7 seconds were required (para 21).

d. 10.3.5.2.1 - the average response timie 10 3 lateral control input was 0.3 seconds
where 0.7 was required (para 22).
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RECOMMENDATIONS

46. The following recommendations are made:

a. Correct the shortcomings identified in paragraph 42 prior 10 determination of a
final production Air-to~Air Stinger decign.

b. Correct the shortcomings identified in paragraph 43 and 44 as soon as practical.

c. The production Air~to-Ajr Stinger missile system installation on the AH-64A
should be fully integrated with the aircraft fire control system MIL STD 1553 data bus
(para 29).

d. The ATAS sighting symbology of the production ATAS system for the AH-64A
should provide the copilot/gunner with an accurate presentation of the relative position of
the missile seeker in all FLIR and day television fields of view (para 30).

e. Consideration shouid be given to adding the necessary equipment bays to suppon
current and future new systems installation in the AH-64 (para 32).

f. The reset feature of the ATAS missile sequencing logic should be fully automated
on the production ATAS for the AH-64A (para 31).

g Evaluate the coverage of the anticollision and the navigation lighting systems,
relocated for the Air-to-Air Stinger installation, during future government developmental
tests (para 33).

h. Consideration should be given to the overall design of the cyclic hand grip two
accommodate the instailation of the ATAS system (para 36).

i. A pitot-static evaluation with the Air-to-Air Sunger fairings installed should be
conducted (para 37).

j. Fuure production AH-64 aircralt should incorporate a transponder altitude
encoding capability (para 38).
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TEST AIRCRAFT
Gengeral

1. The AH-64A Advanced Attack Helicopter (fig B-1) is a tandem, two-place, twin
turbine engine, single mai:. rotor aircraft manufactured by McDonnell Douglas Helicopter
Company. The principle dimensions with the Air-to-Air Stinger (ATAS) installed are
presented in figure B~2. The main rotor is 2 four bladed fully articulated system
supported by a stationary mast which transmits ilight loads directly to the fuselage. The
taif rotor is a dual teetering, semi-rigid, delta hinged system incorporating elastomeric
flapping bearings. The rotors are driven through a conventional power train by twe
General Electric T700-GE-~701 front drive turboshaft engines rated at 1690 shaft
horsepower (sea level, standard day, unirstalled) and mounted in nacelles on either side
of the main trarsmission. An AiResearch 3TCP 35-58(H) auxiliary power unit is
installed to drive the accessory section of the main transmission whan th2 rotors are not
turning, providing electrical, hydraulic, and pneumatic povwer for aircraft oystems. All of
the helicopter electrical power requirements zre supplied by two AC generators, two
yansfcrmer-rectifiers, and a 24 volt nickel-cadmium battery. The aircralt incorporates
two fodependent 3000 psi hydraulic systems, backed up by an emergency hydraulic
syseam, which simultaneousiy power fou: hy iraulic servoactuators (longitudinal, lateral,
coliective, and directional) and provide pressure for Digital Auwtomatic Stabitization
Equipment (DA.SE) functions. the stores pylon system, the tail wheel lock mechanism,
the J&tun cannon turret drive, and the main rotor brake. The pressurized air system
provides filtared, pressure regulated, air for engine starting, the environmental control
system, ranopy defogging, engine cooling louver actuators, hydraulic cooling eductors,
hydraniic reservolr praswsization, the nitrogen inefting system, wid for fuel system
components. ‘The fual sysiom has two fuel cells and includes a fue! voost pump for
gtanting 2rid high altitude operation, a fuel transfer pump for transferring {uel between
cells, a fuel crossfeedfshwail valve, provisions foi pressure and gravity fueling and
defueling, and provisons for wing mounted external tanks. The aircraft can carry
ordnance stores internidly in the ammunit'sn bay and externally on four wing store
positions, and incorporates a 30mm carnon weapons system, a 2.75 inch aerial rocket
control system, and a point target weapons system (Hellfire missite). The AH-64A is
desigaed to operate duting day, mgiw, and marginal weather combat conditions using the
Martin~Marietta Target Acquisition and Designation System (TADS)/Pilot Night Vision
Sensos (PNVS) and the Integrated Helmet and Display Sight System. A multiplex MIL
STD 1553 dual channei data bus provides Nexible interface bet+een mission and avionics
equipment and sighal routing/processing for the Fault Detection and Location System
(FD/LS).

First Phase Test Ailrcralt

2. The first phase test aircraft, $/N 82-23355, is shown in the test configuration in
firrres B-3 through B-5. The weapons systems were nol functional and the fire control
computer was removed, its {uncions performed by the backup bus controller. The PNVS
and the TADS were removed and the nose mounted sensors replaced with aerodynamic
mockups. The wire strike pruteciion system was not installed, and the backup control
system was not operational. The optical relay wbe (ORT) was removed, and the
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copilot/gunner (CPG) fire control panel replaced by instrumentation and instrumentation
controls. The visual display unit was functional, providing only flight symbology, and the
pilot fire control panel was replaced with instrumentation. An air data boom was installed
on the nose of the aircraft, and the instrumentation package was distributed between the
aft storage bay and the survival kit bay. As depicted in figures B~6 through B-9, the
ATAS system installation consisted of ejector racks mounted horizontally at each wing
tip. A dummy launcher with two missile replicas was installed at each ejector rack.
Ejector rack fairings were not available for the first phase of the evaluation. The right
launcher and right upper missile were instrumanted. The wing tip navigation lights and
antcollision lights were removed. A jettison control panel was installed at the pilot station
for future testing; however no other ATAS components were installed or cockpit
modifications complied with. A listing of specific aircraft components is included in
table B-1.

Second Phase Test Aircraft

3. The second phase test aircraft, USA S/N 86-8944, was a representative production
AH-64A with fully funciloning mission and armament subsystems. The preproduction
ATAS system was fully operational. The aircraft was equipped with the AN/ASN-137
Doppler Navigation Set and the -4$ software to control the MIL STD 1553 data bus.
The ATAS ejector rack fairings were installed. The external lighting had been
repositioned to the aft portion of the engine nacelles. A limited test instrumentation
package was installed in the tail boom survival kit storage bay and consisted of a video
recorder, telemetry transmitters, and associated equipment to permit real time
transmission of the ATAS symbology and mission video image. High speed 16mm film
camera mounts were installed on the top of the right wing tip, on the right main gear
mount, the aft left side of the tail boom, and midway back on the tail boom right side.
With 208 pounds of ballast installed in the main landing gear cross tube, the takeolf gross
woight was 16,048 pounds, which included the ATAS system with four Stinger missiles
and the instrumentation package. Longitudinal center of gravity was at fuselage
station 205.8. A listing of specific aircrafi components Is included in table B~2. A more
complete description of the aircralt and instrumentation Is presented in the Apache
Sunger Siudent Handout (ref 14, app A).

FLIGHT CONTROL SYSTEM

4. The AH-64A helicopter employs a hydromechanical irreversible Qight control system
which Is mechanically activated with conventional cyclic, collective, and directional pedal
controls at each crew station. Crew flight control inputs pass through a series of push-pull
tubes attached to four airframe mounted hydraulic servoactuators. A DASE system
(tig. B-10) is installed to provide rate damping, command augmentation, a hover
augmemation system, attitude hold, and turn coordination. The DASE i3 limited <o
+10 percent of control authority in roll and yaw. The longitudinal cyclic hydraulic
servoacluator allows 20 percent (orward and 10 percent ait control authority in the pilch
axis. Linear variable dilferential transducers (LVDT) are incorporated in all control axes
to elecurically measure control positions for DASE computer inputs. A trim feel systein is
incorporated in the cyclic and directional controls to provide a control force gradient and
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positive control centering from a selected trim position. A 3-position trim release switch
located on the pilot's cyclic grip provides discrete ON/OFF or momentary interruption of
the force gradient in all axes simultaneously to allow the cyclic or pedal controls to be
placed in a new reference trim position.

STABILATOR

5. An electrically actuated horizontal stabilator is attached to the lower aft portion of the
vertical stabilizer. Movement of the stabilator can be controlled either manually or
automatically. A dual series electromechanical actuator allows incidence changes of
35 degrees trailing edge down to 10 degrees trailing edge up of travel. The stabilator is
controlled in the automatic mode by two stabilator control units (SCUs). Each SCU
controls one side of the dual actuator. Both SCUs receive collective control position
information from LVDTs in the collective control linkage, pitch rate information from
independent pitch rate gyros, and airspeed information from the air data processor.
Additionally, the left-hand pitot-static system provides airspeed for one SCU and the
right-hand system provides airspeed to the other SCU. Both SCUs receive stabilator
position informatior from both sides of the dual actuator.

PITOT-STATIC SYSTEM

6. The pitot-static system (fig. B-11) is comprised of two semi separate individual
subsystems, one for each crew station. Each subsystem consists of a barometric (pressure)
altimeter, vertical speed indicator, airspeed indicator, alrspeed transducer, electrically
heated pitot tube, common static ports, and associated system tubing and drains. The
left~hand pitot tube, mounted on the left wing, routes ram air to the No. 1 airspeed
transducer and the CFG airspeed indicator. The right-hand pitot tube, mounted on the
right wing, routes ram air to the No. 2 airspeed transducer and the pilot airspeed indicator.
Static pressure for the pilot and CPG instruments, the No. 1 and No. 2 airspeed
transducers, and the air data processor is provided through interconnected flush mounted
static ports on the left and right right side of the fuselage. Static pressure routed to the air
data processor is changed internally to electrical impulses to provide control input
information to the stabilator and DASE.

AIR-TO-AIR STINGER SYSTEM
General

7. The AH-64A ATAS system is a lightweight, supersonic, fire-and-forget, air-to-air
guided missile system that employs passive Infrared (IR) homing (heat seeking). One
jettisonable launcher mounting two Stinger missiles is mounted on each winglip of the
helicopter. The system is designed to be aimed and launched by either pilot without
removing his hands from the flight coitrols or by the CPG using the ORT. The system
employs the existing sighting systems, with integrated weapons status and liring symbology.
Sysiein built~in test and reporting capability is incorporated into the FD/LS and the
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caution/warning panel. The components as installed on the AH-64A are depicted in
figure B-12, A block diagram of the ATAS system interface with the AH-64A fire
control system is depicted in figure B~13. The total weight added to the AH-64A for a
loaded ATAS system is 265 pounds. A more detailed description of the ATAS system
installed on the AH-64A is presented in the ATAS Supplement to the operator’s manual
(ref 2) and the Student Handout (ref 9).

Line Replaceable Units

8. The ATAS system incorporates three line replaceable units, not including the missile
launchers, all of which are mounted in the aft storage bay (fig. B-14), These are the
interface electronics assembly (IEA), the signal conditioning unit, and an exhaust fan.
The IEA providas the interface between the sighting systems, the fire controls, and the
launcher assemblies. Its major functions are power distribution, data processing, signal
processing, and seeker head off-axis caging. It also performs a system built-in test on
activation. The signal conditioning unit is required to modify aircraft voltage for use by
the ATAS system. The exhaust fan is required to provide necessary ambient cooling air
for the aft storage bay.

Wing Tip Installation

9. The ATAS system installation requires modification of the wing to accommodate two
mounting brackets, two access panels, and an electrical conduit (fig. B-15). The
mounting brackets are fitted to hardpoints at the 20 percent and the 50 percent chord
wing spar locations. Rack adaptors are bolted directly to the mounting brackets to
provide support for the ejector rack and four sway braces on each wing tip. The launcher
is mounted on the ejector rack. Aerodynamic fairings are instalied bstween the wing tip
and the launcher assembly. Clearances between the fully installed and loaded ATAS
system and the wing mounted pitot tubes are provided in figure B-16.

10. In order to accommodate the wing tp installation of the ATAS system, the
navigation lights and anti~collision lights were relocated from the wing tps to the rear
outboard portions of the engine nacelles (lig. B-17). The strobe power supply was also
relocated from the main transmission bay to the aft storage bay.

Launcher Assembly

11. Bach launcher assembly (fig. B-18) is a self contained unit which holds two missile
rounds. As depicted in figure B-19, {t is comprised of four major components: the
launcher structure, the launcher adapier, the launcher electronics unit (LEU), and the
coolant systern.  The launcher stnucture is a monocoque box unit which houses the LEU,
coolant system, cables and connectors, and two missiles. The launcher adapter is bolied
to the top of the launcher, and awtaches the launcher to the ejector rack using two
standard lugs. The LEU, located in the forward end of the launcher, provides power
distribution and signal input/output control for the missiles. The coolant assembly, inside
the rear of the launcher, cools the IR detector during prelaunch conditons. It consists of
a portable, rechargeable, high pressure (6200 psi) cylinder of argon gas. The argon gas
cyclinder is recharged by a gas pump which transfers the argon from a standard siorage
cylinder. The minimum recommended pressure at take off is 4500 psi. Ac 3500 psi a
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LOW COOL message is presented in the weapon status display. 2700 psi is the minimum
recommended for system operation. The launcher assembly weighs 62 pounds.

Missile Round

12, The Stinger missile round is made up of two assemblies, the launch tube assembly
and the missile. The launch tube assembly is reusable and is designed to protect the
missile from the environment and provide a missile launch platform. The missile
(fig. B-14) is divided into four sections: guidance, warhead, dual flight motor, and
launch motor. The guidance section employs an IR seeker head, gyro stabilization, and
an integral electronics package to process azimuth and elevation deviation between the
line of sight (LOS) of the missile and the LOS of the seeker to zero this angle and keep
the missile homing to the target on a collision course. It utilizes two wing assemblies for
guidance and two wing assemblies for roll control. The warhead is approximately
0.5 pounds of high explosive which is detonated on target penetration, hard target
impact, or automatic self-destruct (17 +2 seconds after missile launch and the fuze is
armed). The dual thrust rocket motor provides inflight propulsion, and includes four
fixed stabilizing wings. The launch motor section (fig B~21) contains an explosive charge
to eject the missile from the launch tube, and provides initial spin stabilization of the
missile. It separates from the missile approximately 30 feet in front of the aircraft. On
separation, it activates the flight motor ignition circuits, the warhead destruct circuit, and
the warhead detonating fuze. The missile is 59 inches long and weighs 22 pounds.

Crew Station Design

13. The following modifications and additions have been incorporated at the crew
stations for ATAS implementation:

s. Two circult breakers (IEA and ATAS) are added to the pilot's overhead circuit
breaker panel.

b. An ATA missile control panel is added to both the pilot and CPQ left-hand
consoles (fig. B-22).

¢. The ATAS system is wired through the MSL switch of the pilot's and CPG's fire
control panels. The same switch used (o0 enable ARM/SAFE power (0 the Helllire missile
system. The switch serves the saine purpose for the ATAS system.

d. The electrical power panel is relocated from the pilot left-hand console to the
center console (fig. B~23).

¢. The pilot's jettison panel is redesigned to add wing tip stores jeuison capability
(lig. B=24).

- f. Receiver selector switch no. § on both the pilot and CPG communication coutrol
panel is enabled to control missile lock on audio signals.

g8 An ATA segmented caution light is added to both the pilot and CPG
caution/warning panels (fig. B-25).
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h. The pilot and CPG cyclic grips are modified, adding an ATA weapons action
switch (WAS), an ATAS cage/uncage switch, and the chaff fire switch was repositioned
from the bottom positior: of the WAS switch (fig. B-26).

i. The CPG anti~ice panel is modified to permit instaliation of the C.*G ATA panel
(fig. B-27).

J- An ATA position is added to the WAS and a cage/uncage sw.ich is added to the
left hand grip of the ORT (fig. B-28).

ATA Control Panel

14. The ATA control panel controls the operation of ATAS system on the AH-64A.
Located in the left console of each crew station, the panel has three switches:
AUTO/MAN, RESET, and ADV/INVD. The AUTO/MAN switch is a mode select
switch which is normally operated in the AUTO position. In the AUTO mode the missile
seeker head is slaved to the selected LOS, permitting the crew member to direct the
missile to the desired target. In the MAN mode the seeker is directed along the
longitudinal axis of the missile until a possible target is acquired, at which time automatic
tracking takes place. The MAN mode might also be used in a situation were the seeker
has difficulty locking up the desired target. An undesirable characteristic of the MAN
mode is that control of the seeker head is difficult when several heat sources are present
in the seeker field of view. The RESET switch Is a spring loaded switch that when
activated resets the missile firing logic 10 the lower left (#1) missile and reruns the built in
tet (BIT). The ADV/INVN has three positions ADV, CFP, and INVN. ADV
sequences the system to the next missile to be fired, except in the case of the upper right
(#4) when the RESET switch must be used. The INVN position presents a missile
inventory in the WEAPON STATUS of the high action display.

ATAS Sighting Symbology

15. The ATAS sighting symbology consists of the lock on after launch (LOAL) and lock
on belore launch (LOBL) boxes used for the Hellfire missile system. Limitations imposed
by the symbol generator required that existing symbology be used for the ATAS sighting.
As deplcted In figures B~29, the boxes are concentrically presented to the crew member
who selects the ATA position of the weapon action switch. The inner box provides the
crew with an indication of the ship weapons sysiems armed status: a dashed line box
indicates the system is SAPE, a solid line box indicates the system is ARMED. By
changing from a dashed 10 a solid line, the outer box indicates the missile seeker is
uncaged and the aircraft is within missile firing constrainis. In the helmet mounted
displays the center of the boxes represents the LOS of the missile seeker head. With the
FLIR display selected the pilot will be presented with an accurate seeker head LOS. The
CPG will oaly have accurate missile seeker LOS in the wide FLIR field of view, although
the ATAS sighting symbology will be presented to the CPG in all other fields of view of
either FLIR or day television. Horizontal and vertical tick marks on the inside of the
larger box provide the crew with the oprimum aircraft azimuth and pitch elevation firing
posiion. The tick marks will (lash when the AUTO mode is selected and the seeker is
uncaged. They become solid when a target is acquired by the secker. The WEAPON
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CONTROL and WEAPON STATUS sections of the high action display reflect ATAS
status and control. The WEAPON STATUS messages incorporated with the ATAS
installation are presented in figure B-30.

General Thcory of Operation

16. With the MSL switches at both crew stations ON and the SIGHT SEL switches in
other than STBY, the ATAS may be selected by either crew member with the aft position
(ATA) of the WAS switch. At this time the ATAS sighting symbology will be presented to
the crew member selecting ATA. Should the CPG select ATA, the ATAS sighting boxes
will be presented to both the CPG and the pilot, to permit the pilot to maneuver the
aircraft into firing constraints. Only the pilot will see the ATAS sighting boxes when he
selects ATA. When the ATA is selected, argon gas begins to cool the seeker head. The
WEAPONS CONTROL section of the high action display will display which crew member
has control of the ATAS system. The last crew member to select ATA has control.
Placing the ARM/SAFE switches in both cockpits to ARM permits full operation of the
ATAS system, causing the inner sighting box to become solid lines. In the AUTO mode
of operation the missile seeker head will be slaved to the LOS of the selected sight, within
the limits for seeker head movement imposed by the IEA. The crew member places the
center of the sighting boxes over a target and activates the CAGE/UNCAGE switch to
uncage the seeker head. If the seeker acquires the desired target a steady high pitched
tone will be heard in the headset, and the sighting boxes will follow the movement of the
target. The headset tone produced by a positive lock on is an important element in the
firing sequence. The seeker head may not acquire the desired target and instead lock on
10 a hot background object, producing an oscillating tone varying in frequency. The
difference in tones between a positive target lock on and a bogus lock on alerts the pilot
to correct target acquisition. The missile to be fired will be presented in the WEAPON
STATUS as XX RDY, the next missile selected by the 1EA to be launched. Pulling the
firing switch to the firt detent will launch the missile if all performarnce and safety firing
constraints are satisfied. Performance and safety firing constraints and maneuvering
limits are presented in figure B~32. Pulling the firing switch to the second detent will
override the perlormance constraints imposed by the seceker head gimble limits as
determined by the IEA. The missile will launch and the next missile in sequence will be
selected.
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Table B-1. Test Aircraft Components
USA S/N 82-23355 (PVO01)

Component

Engine, No. 1

Engine, No. 2

Fire Control Computer

Backup Bus Controller

Digital Automatic Stability
Equipment Computer

Air Data Processor

Heading and Attitude
Reference System

Stabilator Control Unit #1

Stabilator Control Unit #2

Table P-2. Test Aircraft Components
USA S/N 86-8%44 (PV314)

Component

Engine, No. 1

Engine, No. 2

Fire Control Computer

Backup Bus Controller

Digital Automatic Stability
Equipmernt Computer

Air Data Processor

Heading and Attitude
Relerence System

Subilator Control Unit #1

Suabilator Control Unit #2

Part Number

N/A
N/A
Not Installed
7-332125021-9
7-211000005-15

7-31970008-7
7-314200034-11

7-211010001-11
7-211016001-11

Part Number

N/A
NiA
7-332110074
7-311F00002-15
7-211D00005-19

7-319720006-11
7-314200034-15

7-211D10001-11
7-211D10001-11
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SerialNumber

GE-E-374433
GE-E-374940
N/A

0540035
0540027

0055
1032

0305143
83110

Serial Number

GE-E-375069
GE-E-375035
0578

0870

0180504

0387
1414

86062099
86083110
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Figure B-1. Air-to-Air Stinger Configured AH-64A
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Figure B-6. Left Wing Stinger Launcher with Two Missiles
USA S/N 82-23355

36




Figure B-7. Left Wing Stinger Launcher with Two Missiles
Ejector Fairings not Installed, USA S/N §2-23355
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Figure B-8. Lelt Wing Stinger Launcher with Two Missiles
Ejector Fairings not Installed. USA S/N 82-23355
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Figure B-9. Left Wing Stinger Launcher with Two Missiles
USA S/N 86-8944
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Figure B-17. Repositioned External Lighting
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Figure B-18. Air-to- Air Stinger Launcher
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APPENDIX C, INSTRUMENTATIQN

1. The test instrumentation system was installed, calibrated, and maintained by
McDonnell Douglas Helicopter Company. An airborne data acquisition system utilizing
pulse code maodulation (PCM) encoding was employed during these tests. Data were
obtained from calibrated instrumentation and were recorded on magneuc tape and/or
displayed in the cockpit. The PCM data were telemetered to a ground statior: from which
in-flight data was monitored. An instrumentation boom was mounted on the aircraft
extending 52 inches forward of the nose. A pitot-static tube, an angle of attack sensor,
and an angle of sideslip sensor were mouiited on the boom. Slip ring assemblies were
installed on the main and tail rotor shafts.

2. The location of instrumentation and related special equipment for aircraft USA S/N
82-2335S is presented in figure C~1. The instrumentation configuration and system
block diagram for aircraft USA S/N 86-8944 are presented in figure C~1 and C-2.

3. PCM parameters recorded on magnetic tape were as follows:

Airspeed (boom sysiem)
Altitude (boom system)
Airspeed (ship system, pilot station)
Airspeed (ship system, copilct/gunnet station)
Altitude (ship system, pilot station)
Aliitude (ship system, copilot/gunner staton)
True airspeed
Total air temperature
Main rotor speed
Engine torque®
Engire fuel How*
Engine gis ganerator speed*®
Engine power turbine speed*
Engine measured gas temperaiure”
Mauin rotor drive shaflt torque
Tail rotor drive shalt torque
Control positions

Longitudinal cycliv

Lageral cyclic

Directignal

Colloctive
Angle of suack
Angle of sidestip
Aldreraft attitudes

Pitch

Roll

Yaw
Aircrall angular vatesd

Bitch

Roll

Yaw
Center of gravity normal acceleration
Horizontal siabilator incidence angle

*Both engines
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1. Prior to the start of testing, a flight controls rigging check was performed by
McDonnell Douglas Helicopter Company and monitored by the U.S. Army Aviation
Engineering Flight Activity. The stabilator control system was also checked to ensure
compliance with the production stakilator schedule.

AIRCRAFT WEIGHT AND BALANCE

2. The first phase aircrait (USA S/H 82-23355) was weighed in the Air-to-Air
(ATAS)/8-Hellfire configuration, as instrumented for test, with full oil, residual fuel after
draining, and ballast required for the test. In this configuration the aircraft weighed
13,530 pounds with a lengitudinal center of gravity at fuselage station 209.0. The second
phase aircra’t (USA S/N 86-8944) had a basic weight of 13,208 pounds, which included:
the ATAS system with {our missiles, ¢ight Hellfire missiles and launchers, two rocket
launchers, and 208 pounds of ballast in the main landing gear cross tube to offset the
weight of the aft loaded instrumentation. The longitudinal center of gravity was at
fuselage station 207.7.

HANDLING QUALITIES

3. Handling qualities data were evaluated using standard test methods described in Naval
Air Test Center Flight Test Manual, FTM No. 105 {ref 9). A Handling Qualities Rating
Scale (fig. D-1) was used to augment pilot comments relative to aircraft handling
qualitiss. Low speed flight tests weve conducted using a ground pace vehicle as an
airspeed reference.

CONTROLLABILITY

4. Controllability data wera evaluated by graphical analysis of aircraft attitude, angular
rate and acceleration time histories in each axis (fig. D-2). The initial time reference for
all step inputs was the stant of the control input for measuring the attitude change after
one szcond (0.5 second in the lateral axis) and the time to maximum acceleration. The
time {0 63 percent maximum rate, however, was measured from the initial moment that
the rate began to change as a result of the step input. I is because of this offset in the
inital time reference that the time to 63 percent maximum rate Is usually tess than the
time to maximum acceleration instead of longer, as would be expected if the initial tme
reference was the same.

VIBRATIONS

S. A Vibration Rating Scale (fig. D-3) was used to augment pilot comments relative to
alrcraft vibrations.
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DEFINITION

6. Shortcoming: An imperfection or malfunction occurring during the life cycle of
equipment which must be reported and which should be corrected to increase efficiency
and to render the equipment completely serviceable. It will not cause an immediate
breakdown, jeopardize safe operation, or materially reduce the usability f the materia! or

end product.
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APPENDIX E. TEST DATA

Figure

Control Positions in Level Flight
Control Positions in IRP Dives
Control Positions in IRP Climbs
Static Longitudinal Stability

Static Lateral-Directional Stability
Maneuvering Stability
Maneuvering Stability

Aft Longitudinal Pulse

Right Lateral Pulse

Left Directional Pulso

Release from Steady Heading Sideslip
Cyclic Only Tum

Longitudinal Controllability

Aft Longitudinal Step

Lateral Controllability

Lelt Lateral Step

Directional Controllability

Left Directional Step

Hover Lateral Controllability
Hover Directional Controllability
Hover Right Directional Step
Low Speed Forward/Rearward Flight
Low Speed Sideward Flight
Simulated Engine Failure
Alrspeed Comparison, Pilot's
Airspeed Comparison, Copllot's
Airspeed in Sideslip

n

Figure Number

E-1
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9
E-10
E-11
E-12
E-13
E-14
E-15
E-16
E-17
E-18
E~19
E-20
E-~21
E-22
E~23
E-24
B-25
E-26
£-27
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f IGURE E-6
MANEUVERING STABILITY
AH-64A USA S/N 82-23355
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FIGURE E-7

MANEUVERING STABILITY
AH-64A USA S/N 82-23355

AVG AVG CG AVG AVG AVG TRIM FLIGHT
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
SYMBOL WEIGHT  LONG LAT ALT{TUDE SPEED  AIRSPEED
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FIGURE E-9
RIGHT LATERAL PULSE
AbG4A USA S/N 82-23358
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FIGUAE -9 ( CONTINUED )

RIGHT LATERAL PULSE

Al=G4A USA SN 82-23388

R

CALIBRATED FLIGHT

COOITION
LEvEL

10

IRIN
(x18

%

0

0ar
g

NB‘I 24
1

TRIM
ALY
s

T o

NOTES:

wies -

I 2 - - “F - :ﬁﬂnﬂ . : m
il : A s R :

il e 5
W. e mrdn] - :n-

e

172

oot

14

12

10
CLAPHD TIE - STOONDS

R

RTEIVITRRIIV S

Ay

b - . -
w 3rs 1)

E)

b AM

)

Fes wPding
3

™
1]

o i kh
Bjjmdiinnd

gl

“m. i .__m B

Lead”

@ e 2 31 1% I8 n
11 “C o3 £ s ¥ ] 3% / szem ) «uﬂuﬁu“wlu LT )




T DR o mu.....,,u &
" » T ool

RN

CALIGRATED FLIGHT
=
'

COOITION
LEVEL

’e.

TRIN

IGURAT 10N

ik
Gl R

iy

o %’p%
0EG C [
¢ . ) n

R T

»
9

A=S4A USA 3/ 82-23333
CLAPID TIME - ACODS

FIGURE E-10
LEFT DIRECTIONAL PULSE

|mmnm B~ N
-

- 2 z
- =

- . » <

- -y 3

~TSm )

u. : m

cg
OCAT 10

-
g
NO

o

_”ﬂ
P P v

11 135504 %
,-I“:.qg T IO

n




FIGUAE £-10 ( CONTINUED )
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Aingda U3A SHI 82-23388

HOLD OFF

NOTES: 1. DASE M, ATTIT
1. AlS / H‘LU’% CONFIGURAT 1 Ol

Em, i
3
-:r: 1)
* A0 25 *
G
e bt
wr .&- : - !
o i {8 ) .
158 bty - - 4]
..u~ .~m. 4 M:» ‘ rm.. : . ]
a2 E
H =)
¥
- nllcil. 4
. e =
aanm
Ip=Ligt .
_. h» k8]
LEYE Bl A Al
3 E T ik e: 4
3] 3 stip ot yoe} b
¥ Mﬁ i o
¥ L m i .a. .m,. uw. g
- E HH 1
L.r.n i «*,_ ﬂ ». € 4
bt ._ .. b4 B4 i
$-1 i z on. .N,: I Y i
i . l ¥ i
“ ~ . |
[et om Rl . ]
*m" ; i i
IR

£1 48

18 (L]

CLAPID TIE - SECONDS

10




FIGURE E-11

RELEASE FROM STEADY HEADING SIDESLIP
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FIGUAK £-12 ( CONTINUED )
LEFT CYCLIC ONLY TURN
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FIGURE E~-13

LONGITUDINAL CONTROLLABILITY
AH-64A USA S/N 82-23355
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2. ATAS / B-HELLFIRE CONFIGURATION
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4. TINE YO 83X MAX PITCH RATE MEASURED FRCM INITIAL RATE CHANGE
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FIGURE E-15
LATERAL CONTROLLABILITY
AH-64A USA S/N 82-23355
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FIGURE €-18 ( CONTINUED )
LEFT LATERAL STEP
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FIGURE E=18 ( CONTINUED )
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FIGURE =24
SIMULATED LEFT ENGINE FAILURE
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SIMIATED LEFT CNGINE FAILURE
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FIGURE E-25
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FIGURE E-27
PITOT STATIC CONPARISON
AH-64A USA S/N 82-23355
LEFT SIDE PITOT VS, RIGHT SIDE PITOT AIRSPEED SIGNALS

AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR  FLIGHT
WEIGHT  LONG LAT ALTITUDE SPEED CONDITION

LB sF'S) BL) FT (DEG C)  (RPM)
1 05.8 AFT Q.3 LT 7 20.0 287 LEVEL

NOTES: 1. DASE ON, ATTITUDE HOLD OFF
2. ATAS / 8-HELLFIRE CONFIGURATION
i. @ LEFY PITOT SiGNAL

. @ RIGHT PITOT SIGNAL
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APPENDIX F. ABBREVIATIONS

AC Alternating current

AEFA U.S. Army Aviation Engineering Flight Activity
AGL Above ground level

ATAS Air-to-Air Stinger

AVSCOM U.S. Army Aviation Systems Command
CPG Copilot/gunner

DASE Digital automatic stabilization equipment
DTV Day television

FAB Forward avionics bay

FD/LS Fault detection and location system
FLIR Forward looking infared

HQRS Handling Qualities Rating Scale

HMD Helmet mounted display

IEA Interface electronics unit

IR infrared

IRP Intermediate rated power

KCAS Knots calibrated airspecd

KIAS Knots indicated airspeed

KTAS Knots true airspeed

LEU Launch electronics unit

LOAL Lock on after launch

LOBL Lock on before taunch

LOS Line of sight

LVDT Linear varlable displacement transducer
MDHC McDonnell Douglas Helicopter Company
MRTU Multiplex remote terminal ynit

NOE Nap of the Earth

NVS Night viston system

ORT Optical relay tube

PAE Preliminary Airworthiness Evaluation
PCM Pulse code modulation

PNVS Pilat's night vislon system

POST Passive optical seeker technique

| 4% Production Vehicle

SCuU Signal conditioner unit

TADS Target acquisition and designation systom
TED Trailing edge down

VRS Vibration Rating Scale

Vy Airspeed [or best rate of climb

WAS Weapon action select
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DISTRIBUTION

HQDA (DALO-AV)

HQDA (DALO-FDQ)

HODA (DAMO-HRS)

HQDA (SARD-PPM-T)

HQDA (SARD-RA)

HQDA (SARD-WSA)

US Army Material Command (AMCDE-SA, AMCDE-P, AMCQA-SA,
AMCQA-ST)

US Training and Doctrine Command (ATCD-T, ATCD-B)

US Army Aviation Systems Command (AMSAV-8, AMSAV-Q,
AMSAV-MC, AMSAV-ME, AMSAV-L, AMSAV-N, AMSAY-GTD)

US Army Test and Evaluation Command (AMSTE-TE-V, AMSTE-TE~-Q)

US Army Logistics Evaluation Agency (DALO-LEI)

US Army Materiel Systems Analysis Agency (AMXSY-RV, AMXSY-MP)

US Army Operational Test and Evaluation Agency (CSTE-AVSD-E)

US Army Armor School (ATSB-CD-TE)

US Army Aviation Center (ATZQ-D-T, ATZQ-CDC-C, ATZQ-TSM-A,
ATZQ-TSM-§, ATZQ-TSM-LH)

US Army Combined Arms Center (ATZL-TIE)

US Ariny Safety Center (PESC-SPA, PESC-SE)

US Army Cost and Economic Analysis Center (CACC-AM)

US Army Aviation Research and Technology Activity (AVSCOM)

NASA/Ames Research Center (SAVRT-R, SAVRT-M (Library)




US Army Aviation Research and Technology Activity (AVSCOM)
Aviation Applied Technology Directorate (SAVRT-TY-DRD,
SAVRT-TY-TSC (Tech Library)

US Army Aviation Research and Technology Activity (AVSCOM)
Aeroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCOM
Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC)

US Military Academy, Department of Mechanics (Aero Group Director)

ASD/AFXT, ASD/ENF

US Army Aviation Development Test Activity (STEBG-CT)

Assistant Technical Director for Projects, Code: CT-24 (Mr. Joseph Dunn)

6520 Test Group (ENML)

Commander, Naval Air Systems Command (AIR 51158, AIR 5301)

Defense Intelligence Agency (DIA-DT-2D)

School of Aerospace Engineering (Dr. Daniel P. Schrage)

Headquanters United States Army Aviation Center and Fort Rucker
(ATZQ-ESO-L)

Commander, US Army Aviation Systems Command (AMSAV-EA)

Commander, US Army Aviation Systems Command (AMSAV-EIA)

Commander, US Army Aviatlon Systems Command (AMSAV-ESW)

Commander, US Army Aviation Systems Command (AMCPM-ATAS)

Commander, US Army Avistion Sysiems Command (AMCPM-AAH)




