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INTRODUCTION

BACKGROUND

1. In June 1973, the United States Army Aviation Systems Command (AVSCOM)
awarded a Phase I Advanced Development Contract to Hughes Helicopters (HiI).
The contract required HH to design, develop, fabricate, and initiate devel-
opment/qualification of two advanced attack helicopter (AAH) prototypes and a
ground test vehicle as part of a Government Competitive Test. The United States
Army Aviation Engineering Flight Activity (USAAEFA) conducted Development
Test I (DT 1) using two of these aircraft. Several deficiencies and shortcomings of
the aircraft were found during DT I (ref 1, app A). In December 1976, the United
States Army Aviation Research and Development Command (AVRADCOM) (form-
erly AVSCOM) awarded a Phase 2 engineering development contract to HH for
further development and qualification of the YAH-64 to include full system, sub-
systems and qualification of mission essential equipment. USAAEFA conducted
Engineer Design Test I (EDT 1) with one YAH-64 which had undergone Mod I
change in April and May 1978. The incorporation of the Mod I configuration in the
prototype AAH was not intended to correct all aircraft deficiencies and
shortcomings identified during DT 1; therefore, many remained during EDT I and
some new problems were uncovered (ref 2). Deficiencies and shortcomings
previously identified may not be fully corrected by Mod 2 configuration changes;
however, development status may be assessed as a result of these tests. In March
1979, AVRADCOM directed USAAEFA to conduct Engineer Design Test 2 (EDT 2)
of the YAH-64 (ref 3). A test plan (ref 4) was submitted in March 1979, and
Airworthiness Releases (refs 5 and 6) were issued in April 1979.

TEST OBJECTIVES

2. The test objectives of EDT 2 were as follows:

a. Assess the flight characteristics of tile aircraft which incorporates addi-
tional design modifications.

b. Update the performance base line and assess the vibration characteristics
from the DT l and EDT I configurations.

DESCRIPTION

3. The YAH-64 is a two-place tandem-seat, twin-engine helicopter with four-
bladed main and antitorque rotors and conventional wheel landing gear. The heli-
copter is powered by two General Electric YT700-GE-700 turboshaft engines.
The YAH-64 incorporates wings with moveable flaps and a T-tail with
a fixed horizontal stabilizer mounted above the tail rotor. A 30ram gun can be
mounted on a turret assembly on the underside of the fuselage below the forward
cockpit. A wooden mockup of the 30ram cannon was used to aerodynamically
simulate the gun in the stowed position. The wing pylons can carry lIFI.i.IIRI
missiles or 2.75-inch folding fin aerial rockets (FFAR). The test aircraft were Army



serial numLhCrs (S 'N) 74-222'8 and 74-22249. Major changes to the helicopters since
EDT 1 include:

a. 6 inch exCtension ol' main rotor mast
b. Tip weights added to horizontal stabilizer
C. 4 inch chord cxtension to upper vertical stabilizer
d. Modified Mod 2 tail rotor
C. Canopy stiffeners

The Martin \larictta PNVS was installed on S!N 74-22248 and the Northrup PNVS
was installed on S'N 74-22249. A more detailed description of the aircraft and
SVStelms is 'ou0tailned in apl-Jpendix B.

TEST SCOPF

4. Flight te-stin for FI)T 2 was conducted at Palomar Airport, Carlsbad, Califor-
nia (328-foot elevation) from 10 April 197) through 20 April 1979. A total of
19 flights were conducted during which 20.5 hours (15.6 hours productive) were
flown. Three .rniv pilots flew the evaluation from the pilot station with an HH
pilot actinm as the aircraft commander. IIH installed, calibrated, and maintained
the test instrumentation and performed all aircraft maintenance during the test.
Flight restrictions and operating limitations contained in the airworthiness release
issued by AVR.\D('OM were ohservcd during the evaluation. Handling qualities and
vibration data were compared to results obtained during DT I and EDT 1, where
possible. The scope of the test is shown in table I.

TEST NMETIIOIOLOGY

5. Istablished t'li. tesI teichniqucs and data reduction procedures were used
(refs 7 ind 8, ;pp .). Tct icthods are brietly discussed in the Results and Dis-
cussion sect ion tl this report. \ vibration rating scale (VRS) (fig. 3, app D) was
used to augtment crew comments relative to aircraft vibration levels. A handling
qualities rat in scale (0 IRS) ( fig. 4) was used to supplement pilot comments on the
handling qualities. Flight test data were obtained from calibrated test
instrumentat ion and were recorded on magnetic tape. Real time telemetry was used
to nionitor sclccted critical parameters throughout the flight test. A detailed listing
of the lest instrumentation is contained in appendix C. Data analysis methods are
described in appendix I).
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RESULTS AND DISCUSSION

GENERAL

6. The performance and handling qualities characteristics of the YAH-64 were
evaluated at the conditions shown in table 1. Some enhancing characteristics,
deficiencies, and shortcomings not specifically addressed in this evaluation but
discovered during DT I and EDT 1, remain. The YAII-64 helicopter continues
to possess excellent potential as an attack helicopter. particularly because of its
agility. Structural limitations imposed by the airworthiness release (ref 5 and (.
App A) severely limited this evaluation. In general the performance of the helicopter
in terms of power required has deteriorated from DT 1, although there is a slight
performance improvement in level flight between approximately 50 and 90 knots
true airspeed (KTAS). Tail rotor perfornance has markedly deteriorated from
DT 1. The starting procedure utilized on the YAH-64 helicopter is an enhancing
characteristic and should be incorporated in future Ariy aircraft where possible.
There were seven deficiencies and 43 shortcomings identified. The deficiencies
include: the possibility of a dual-engine fuel starvation with useable fuel remaining:
the restricted forward field of view during the landing flare and high power clilbs:
the inability to control heading with Automatic Stabilization Fquipment (ASE)
disengaged at the critical azimuth between 25 to 40 KTAS: insufficient left
directional control margin in right sideward accelerations, the lack of adequate cues
to warn the pilot of a partial power engine malfunction: low activation threshold of
the Low Main Rotor RPM warning, excessive 4/rev lateral vibration (pilot seat)
during the termination of the approach and in level flight at airspeeds less than
50 and greater than 130 knots calibrated airspeed (KCAS). Canopy drumming
characteristics had improved from EDT I but remain a shortcoming.

PERFORMANCE

General

7. Performance flight testing of the YAH-64 helicopter was conducted at the IIH
Flight Test Facility located at Palomar Airport. Carlsbad. California. using aircraft
S/N 74-22248 and S/N 74-22241) .\ircraft SN 74-2224) was equipped with
specially calibrated engines. but neither aircraft \as instrumented to make in-flight
measurements of installed engine intake and exhaust losses. Therefore this report
only addresses the power required aspects of performance. The hover and level flight
performance tests were conducted on aircraft S/N 74-22249 using the results of the
test cell engine torquemeter calibration as the basis for power required. The climb
and descent tests were conducted on aircraft S/N 74-22248 using the engine
acceptance torquemeter calibrations. All forward flight performance tests were
flown at zero sideslip. Test conditions are outlined inl table I and data analysis
techniques are contained in appendix ). This performance evaluation included the
following tests: tethered hover, forward flight climbs and descents, and level flight
performance. All performance measurements were made with the I111 Black lHole
Ocarina (B-1O) infrared suppressor system installed. Performance data presented in
this report was not corrected for any parasitic drag caused by the instrumentation
installation. The performance of the YAII-04 helicopter as tested in FDT 2 has
markedly deteriorated as compared to the same aircraft as tested in the DT 1.

4



Hover Perfornmance

8. Out of ground effect (OGE) (at a wheel height of l00 feet) hover performance
testing was accomplished using the tethered hover technique. A cable angle indicator
was used as reference to maintain the cable vertical. A cable tensiometer measured
cable tension as power was changed incrementally from power required for
minimum cable tension to maximum thrust allowed by the Airworthiness Release.
The tests were conducted within a rotor speed range of 98 to 100 percent (284 to
289 RPM). Hover test results are presented in figures 1 and 2, appentdix L.

9. The hover power required data (fig. 1) nondimensionalized in terms of thrust
and power coefficients does not define a unique line as is common with most
helicopters operating where compressibility is not a factor. The YAti-64 DT I
hover data was a unique line. The EDT 2 data appears as a family of curves along
lines of constant rotor speed. The performance significantly decreases as main rotor
speed decreases (i.e.. opposite of compressibility effects). The non-dimensional
tail rotor performance (fig. 2) follows the same trends indicating the performance
anomaly is attributable to the tail rotor. At the Aniy hot day condition (35°C,
4000 feet pressure altitude (H )), gross weight of 14240 pounds, and 100 percent
main rotor speed the YAH-64 helicopter required 2157 shaft horsepower (SHP) to
hover OGE. At the same conditions during the DT I evaluation (ref I. app A), the
power required was 2124 SliP. The aircraft required 1.6 percent more power to
hover OGE at the above conditions. A contributing factor to this hover degradation
was the increase in tail rotor power required (fig. 2, app F). At the same conditions.
the tail rotor power required was 19 shaft horsepower (8) more than during the
DT I evaluation.

Generalized Forward Flight Climb and Descent Performance

10. The forward flight climb and descent performance of the YAH-64 helicopter
was evaluated using the sawtooth climb and descent technique in the clean config-
uration at an aft longitudinal center of gravity using aircraft S/N 74-22248. Genera-
lized climb and descent performance data are presented in figure 3, appendix E.
The power required to achieve a 2000 feet per minute rate of climb (gross weight of
14240 pounds, Army hot day conditions, and at the airspeed for best rate of climb)
was 101 SHP (4.6%) less than the same conditions in DT 1. At greater airspeeds, the
climb performance has been degraded, compared to that measured during DT 1.

Level Flight Performance

11. Level flight performance tests of the YAtI-,4 helicopter, in the 8-HELLFIRE
configuration, were conducted to determine power required as a function of air-
speed. Data were obtained in zero sideslip stabilized level flight at a forward long:,-
tudinal center of gravity. A constant thrust coefficient was maintained by increasing
altitude as fuel was consumed. Non-dimensional level flight performance is presented
in figures 4 through 6, appendix E, and the results of the level flight performance
tests are presented in figures 7 through 10. A comparison of tht power required
for Army hot day conditions, from the DT I and EDT 2 evaluations, at
14240 pounds is shown in figure A. At 140 KTAS the powcr required increased 276
SlIP which equates to an equivalent flat plate area increase of 12 square feet
(propulsion efficiency equal to unity). At airspeeds between 49 and 92 KTAS. the
power required shows slight improvement indicating a possible improvement in

5
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endurance and loiter capability. DT I was conducted in the 8-TOW configuration
whereas EDT 2 was conducted in the 8-tlELLFIR- configuration.

12. The change in level flight performance of the YAI1-64 from )T I to t-)T 2
varied with CT and airspeed. Figure B summarizes this variation. For airspeed
and C T combinations within the shaded area. performance was slightly improved.
For airspeed and C T valu,s to the right of the shaded area. the helicopter
performance has been markedly degraded as shown by lines of increasing equiva-
lent flat plate area. No DT I data was available between ho~cr and 40 KCAS. but
hover data (para 0) indicated that the YAII-64's performance has degraded since
DT 1 at all CT values evaluated.

HANDLING QUALITIES

General

13. The handling qualities characteristics were evalnated at the test conditions
listed in table 1. The handling qualities evaliation utilized standard fligoht test
maneuvers. All maneuvers were flown at /ere sideslip where possible. An I IORS
rating scale was used to qtian tify the degree of pilot workload required to perform
specific tasks.

Control System Characteristics

14. The control system mechanical characteristics of the YAI1-64 were measured
on tile ground lltilitJng ground electrical and h vdraulic power. and qualitatively
reevaluated in light. Figures II through 18. appendix E, are results of tests per-
formed. Tables 2 and 3 are a sunimary of mechanical characleristics for both heli-
copters.

15. Tile longitudinal and lateral cyclic mechanical characteristics exhibited ex-
cessive breakout (plus friction) forces, weak control force gradienls, and weak or
no positive control centering. It was possible to displace the cyclic laterally with-
out retriiiiin release the cyclic, and have it remain at that position. This con-
dition causes an increased pilot workload especially during simulated iistrimnent
meteorological condition (IM(') flight. Low force gradients are desirable in nap of
the earth (NOV) flight. however excessively low force gradients could lead to pilot
induced oscillations. The excessive breakout (plus friction) forces, weak control
force gradien ts, and weak control centering of the longitudinal and lateral cyclic
control are shortcomings.

16. When retrimmiig the helicopter. tile directional control exhibited undesirable
jump. This was noted at all flight conditions. The control jump would result ill
unwanted yaw excursions during retrimming. which would be disconcerling to the
pilot. The excessive directional control juip is a shortcoining previously reported.

Control Posilions in Trimmed Forward Fli ti

17. The control positions in trimmed forward level flight were e\iluaed from 31
to 150 KCAS at various altitudes noted in table I. The data were obtained in con-
junction with level flight performance (fig. 19 through 22). The pitch attitude of'
the helicopter varied from 5 degrees nose tip at 31 K('AS to 3 degrees nose down at
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150 KCAS. The aircraft exhibited a varying and undesirable control position
gradient (increasing aft cyclic with increasing airspeed) from 60 KCAS to
100 KCAS, which made stabilizin, at an altitude and airspeed in this speed range
difficult (HQRS 5). It was possible to trim at one airspeed, disturb the aircraft, and
have it restabilize at another airspeed without changing the cyclic position. The
nonlinear trim requirement, making precise airspeed and attitude control difficult
between 60 and 100 KCAS. is a shortcoming previously reported.

18. Throughout the flight envelope, the aircraft cxlhibited a random vaw "shuffle'
which was characterized by yaw oscillations of -+2 degrees. The shuffle occurred
most frequently in tile 50 to 80 KCAS rance in level flight with tail oscillation
observed by the chase pilot. This condition could become a problem when using a
point-fire weapon in forward flicht by randomly moving tile aiming point above the
target. The random yaw 'shulne"' is a shortcomi'ng.

19. The trimmed control positions in forward flight climbs and autorotations were
evaluated at conditions shown in table I. At a stabilized speed intermediate rated
power (IRP) was applied for climbs anrd minimum power (zero to 5 percent torque)
for descents (fig. 23, app I). The nose-high attitude of II degrees at 70 KCAS
reduced the forward field of view markedly during high power climbs. The pilot had
to continually "S" turn the helicopter in order to clear himself of other aircraft. The
restricted field of view due to the nose-high attitude during IRP clilbs is a
shortcoming previously reported.

20. The difference in longitudinal control positions between IRP climbs and mini-
mum power descents over the airspeed range tested varied from 2.3 to 3.2 inches.
The longitudinal control position change with change in collective position is
significant. At 105 KCAS a 3-inch change in collective position would require a I
inch change in longitudinal cyclic in order to maintain airspeed. In the NOF
environment, the pilot would have to continually retrim the longitudinal cyclic due
to frequent power changes. The excessive longitudinal cyclic position change with
power application is a shortcoming previously reported.

Static Longitudinal Stability

21. The static longitudinal stability characteristics of the helicopter were evaluated
at the conditions noted in table I . The helicopter was trimmed in level flight at zero
sideslip with the collective control fixed. The helicopter was then stabilized at
incremental airspeeds greater and less than the trim airspeed. The data from these
tests is presented in figures 24 and 25, appendix F. The longitudinal cyclic position
gradient at both airspeeds tested was approximately neutral. The pilot cal achieve a
40-knot difference in airspeed with virtually the same longitudinal control position.
In maneuvers such as a diving gun run the lack of positive static longitudinal stability
may he advantageous, however. the pilot could expect to work harder doing a
high-gain task such as a precise airspeed control during IMC. The longitudinal static
stability characteristics are adequate.

Static Lateral-Directional Stability

22. The static lateral-directional stability characteristics of the helicopter were
evaluated at the conditions shown in table 1. The helicopte r was stabilized in trim
level flight at zero sideslip. The collective was fixed and sideslip angles (left and
right) were induced in 5 degree increments to 30 devrees while maintaining constant

I!



airspeed and ground track and allowing altitude to vary. The data were recorded at
each stabilized point (fig. 26, app E). At 59 KCAS the helicopter exhibited positive
directional stability (right sideslip with increasing left directional control), a positive
dihedral effect (right sideslip with right lateral control position), and positive but
weak sideforce characteristics (right roll attitude with right sideslip). The roll
attitude varied only 5 degrees about the trim point, which would be desirable during
NOE maneuvering or attempting to get within missile launch constraints. At 59
KCAS, the static lateral-directional stability characteristics of the helicopter are
adequate.

Maneuvering Stability

23. The maneuvering stability characteristics were evaluated using constant air-
speed left- and right-hand turns and pushovers and pull ups at the flight conditions
listed in table I. The force feel system (FFS) was inoperative during the evaluation.
Maneuvering stability characteristics are presented in figures 27 and 28, appen-
dix E. Vibration levels increased noticeably with increasing normal acceleration and
are discussed in paragraph 54.

24. Figure 27, appendix E, shows the stick-fixed (control position vs g) and the
stick-free (control force vs g) maneuvering stability of the YAH-64 during fixed
collective, zero sideslip turning flight at 134 KCAS. The stick-fixed maneuvering
stability was positive and essentially linear with a gradient of approximately
0.3 in/g. The stick-free maneuvering stability was weakly positive (approximately
1.2 lb/g) and the control forces were qualitatively judged to be light. Shallow stick
free maneuvering stability gradient is a shortcoming. Roll attitude could be ade-
quately obtained up to the maximum roll attitude tested (60 degrees). At bank
angles of 40 degrees or greater, randon uncommanded yaw excursions were
observed which made precise airspeed control more difficult. Random
uncommanded yaw excursions in steady state banks of 40 degrees or greater is
a shortcoming.

25. Stick-fixed maneuvering stability was evaluated using symmetrical pull ups and
pushovers. Data arc presented in figure 28, appendix E. Stick-fixed maneuvering
stability gradient was positive at the airspeed tested (134 KCAS). The gradient was
approximately 0.6 in/g. The aircraft was fully controllable at the lowest g level
tested (0.2 g). At low g levels, the oil pressure accessory pumnHp caution light often
illuminated, as it did during low speed sideward flight (para 75). but extinguished
quickly after reestablishing a 1.0g flight condition. The problems with the oil
pressure sensor were also observed during the DT I and during FDT I, and are
discussed in those reports. No divergent pitch tendencies were noted. However, the
weak stick free maneuvering stability resulted in the pilot consistently overshooting
his target load factor during symmetrical pullups. The maneuvering stability
characteristics of the YAII-64 remain essentially unchanged from those observed
during the DT I and EDT 1.

Dynamic Stability

26. The short-term (lynamic stability characteristics (gust response) of the YAII-64
were evaluated at the conditions listed in table I. Aircraft motions were induced
by one inch lateral doublets. AS, ON and OFF, attitude hold OFF. Following the
input, all controls were held fixed until the aircraft motion subsided or until a limit
was approached. The short-term dynamic response characteristics w're also
evaluated by disengaging the ASF at 136 KCAS. and observing the resulting aircraft
motions. Dynamic stability tests were discontinued after 2 oscillations at 136 KCAS
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due to sideslip limits. Typical time histories are presented in figures 29 and 30,
appendix E, and the damping summary is presented in figure 31. The ASE ON
dynamic stability characteristics were essentially deadbeat and are satisfactory.

27. The response of the YAH-64 to ASE OFF lateral doublets was a pitch-coupled
dutch roll oscillation. This mode coupled all three axes and was essentially identical
to the oscillation observed during EDT I. ASE OFF one inch lateral doublets
were made at approximately 10 knot increments between 89 and 136 KCAS.
Figures 29 and 30 are typical examples of this oscillatory response. The damping ofl
the oscillation decreased with increasing airspeed. At 89 KCAS the oscillation was
noticeable but well damped. The oscillation became neutrally damped at
approximately 110 KCAS. Above 110 KCAS, oscillations became increasingly
divergent. The period of oscillation was approximately four seconds. The oscillation,
were easily controlled by the pilot. The ASE OFF pitch-coupled dutch roll damping
was slightly degraded from that observed during EDT I (neutrally damped at
110 KCAS versus 117 KCAS). The ASF. OFF pitch-coupled dutch roll remains a
shortcoming.

Ground Handling Characteristics

28. Ground handling characteristics were evaluated on a daily basis (ASt. ON
and OFF) on concrete and macadam taxiways. Wind conditions were generally less
than 10 knots except for occasional gusts to 15 knots.

29. Ground handling characteristics remained essentially unchanged from those
noted in previous evaluations. During the evaluation, the yaw ASE authority was set
at 20 percent and the yaw Command Augmentation System (CAS) was automati-
cally disengaged by a touchdown relay (squat switch) located on the left main
landing gear. The automatic disengagement of the yaw CAS is a feature incorporated
since IDT I and eliminated the shortcoming identified in EDT I which required the
pilot to desengage the ASE for ground operations. When taxiing with the yaw ASE
ON, it may be possible for the tail of the aircraft to inadvertently slew in the
directional axis with a malfunction in the yaw ASE (actuator hardover) which may
result in aircraft damage. If the tail wheel is aligned laterally during a yaw ASI
hardover, tile possibility of aircraft damage will be further increased. An evaluation
should be performed to determine the effects of yaw ASP hardovers during ground
taxi operations (to include running landings).

30. As previously reported, the YAII-64 requires excessive brake pedal pressure.
which resulted in inadvertent directional inputs while attempting to brake during
ground taxi operations. The pilots were unable to brake unless the pilot's heels were
placed higher than normal on the directional pedals. The inadvertent directional
inputs by tile pilot, due to the excessive pedal pressure required during braking. are a
shortcoming.

Takeoff and Landing Characteristics

31. Takeoffs were evaluated during each flight. Maximum performance, normal,
and minimum power takeoffs were evaluated at different weighings and cg positions.
Figure 32, appendix F., is a time history of a normal takeoff. At a hover, the longi-
tudinal cyclic position was 6.4 inches from the forward stop. At 70 knots indicated
airspeed (KIAS), the longitudinal cyclic position was 4.4 inches from the forward
stop. This large longitudinal control displacement was objectionable during takeoff.
however, it would be more so during NOF maneuvering because of the need to
constantly retrini as airspeed changes. The large longitudinal control displacement
during takeoffs is a shortcoming previously reported.

13



32. Landings of the helicopter were evaluated during each flight. Normal, low level,
steep, and autorotative (minimum power) landings were performed at different
weights and cg locations. Descent and approach airspeeds were varied throughout
the test. The field of view during landing was very poor. The steeper the glide path,
the longer the point of intended landing remained out of view. At higher airspeeds
(90 KIAS or above) the field of view was improved until the landing flare, at which
time the point of intended landing was obscured until the helicopter came to a
hover. Figure 33, appendix E, is a time history of a steep approach. During a steep
approach, the pitch attitude of the aircraft changed from one degree nose up at
95 KIAS to 20 degrees nose up at 55 KIAS. In the NOE environment, the poor field
of view due to the nose-high attitude during quick stops would make it extremely
difficult for the pilot to see obstacles in his path. The pilot's restricted forward field
of view due to the excessive nose-high attitude during the landing approach is a
deficiency.

33. A 20 degree nose-high attitude during the landing flare puts the tail wheel of
the helicopter approximately eight feet below the main landing gear. This increases
the probability of tail rotor damage. An NOE evaluation should be performed to
determine the ramification of restricted field of view and aircraft attitudes on the
NOE mission accomplishment.

Low-Speed Flight Characteristics

34, The low-speed flight characteristics of the YAH-64 were evaluated at the
conditions listed in table 1. A ground pace vehicle was used as a speed reference
during all low-speed flight evaluations. Surface wind conditions were four knots or
less. Tests were conducted at a main wheel height of approximately 15 feet (IGE).
Test data are presented in figures 34 through 44, appendix E.

Sideward Flight

35. In all conditions tested, the increasing right lateral cyclic control position with
increasing right sideward velocity, up to 35 KTAS, indicates a nonlinear but normal
(increasing right lateral control with increasing airspeed) gradient (figs. 34
through 37). At 40 to 45 KTAS, there was a lateral control reversal (ASE ON):
however, it was not objectionable. With a forward cg (FS -200) in right sideward
flight at 45 KTAS, full left directional control was required. At the same condition
at an aft cg (FS -205) approximately 0.5 inches of left directional control
remained. When comparing directional control positions with those obtained in
EDT I under similar conditions it was noted that there was a degradation in tail
rotor performance. In almost all sideward flight conditions during EDT 2 an
additional one inch of left directional control was required over that of EDT 1. A
comparison of required tail rotor shaft horsepower between EDT I and EDT 2 was
also made. It was noted that at 45 KTAS (right sideward flight) the required tail
rotor shaft horsepower had increased significantly (-39 percent at forward cg and
ASE ON). Additional low-speed testing should be accomplished at higher density
altitudes.

36. Figures 36 and 37 present the trim curves of the YAH-64 in ASE OFF left
and right sideward flight. Control position trends are in close agreement with
figures 34 and 35 (ASE ON trim curves): however, there is a marked increase in
longitudinal, lateral and directional control activity in left sideward flight at
airspeeds in excess of 15 KTAS. At airspeeds between 25 and 40 KTAS with
forward cg, the pilot could only maintain heading within ±6 degrees with directional
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control excursions greater than 3 inchies and had considL-I A'e difficulty stabilizing
onl airspeed (IQRS 8). Thle left sideward flight characteristics are considered to be
deficient with ASF OFF since thle sN stem is such that a single failure of the primlary
hydraulic system results ill a loss of' all ASE functions. The inability to control
hlead ing, ASE OFF, in left sideward tflight at 25 to 40 KTAS is a deficiency.

37. A critical i/.im rlthl detcrininat ion fl ighrt (florward cg-) was made, and the critical
aimlUth Was found to be betweenl 240 to 200 degrees aircraft azimluthl (fig. 38)
which was unchanged fromr FDlT I. Anl eValuationl at a critical azimluth of 250
degrees was then perfornied ASF ON and OFF, fig'ures 39) through 42. Thle aircraft
could be flown at this aziniuth. ASI: ON: however, considerable pilot compensation
was re(luired at airspeeds greater than 20 KIAS (IQRS 5). Figure 38 shows that thle
yaw ASE was saturated at these flight conditions. With ASE OFF at airspeeds
greater than 15 KTAS, the aircraft Could riot he stabilized at the critical azimnuthl
(HQRS 9). Thle inability to control heading. ASE OFF, in sideward flight at thle
critical azimluthl trom I5 to 15 KI AS remains a deficiency. Thle YAH-64's handling
qualities in sideward flighit O irspeeds- greatter than 20 IKTAS) at the critical azimuthl,
ASE ON. remain at slrortcoivrirre.

Forward and Rearward Flight

38. Figures 43 and 44 depIict tlike control positions and pitch attitude of thle
YAH-64 with ASI' ON arid OFF ill low-speed forward and rearward flight. With
ASE ON, at longit u1d iral C onrol re:versal, althoughi not objectionable, was present at
forward airspeedsl, betweeni '- and ' KTAS anid at rearward airspeeds greater than
25 KTAS. lie low -speed rv~ Akrd mnd rearward flight handling qualities of tile
YAII-64 remiaini sat istaetor

Power Management

39. Power mniagrinrio chir~rctcrrst res of' tire Y Al -04 were evaluated throughout
EDT 2. The torque rrratkcIiir_ arid turbinie gas tem perature (ICT) liniitimg features
of the YT '700-( E-700 enreirres were e\ccllclnt.

40. Duiring tire Lvainat ion . tire low rpmi rot or warn inrg woun rot activate until
main rotor rpm dopdblwapxiteyQIpercent. This activation threshold
Wouldl be unsatisfactory inl providing at warning of at low iiaiii rotor rpmn condition.
The low activat ion t Iircshlrid of' tire low rpmr rot or warning is at deficiency.

41 . Ill tile co fig"urat ion tested, tire YAI 1-04 had a pilot adjustable friction onl
the engine control parnel. designied to allow friction variation onl the engine power
levers. During tile evaliratioi,, rt was founid that the inherernt friction level in the4
engine power lvrasnh Ws XeSSive (adjustable friction full OFF). Precise
engine p-ower lever nrovcncntit (ats Would be re(lrir'Cd during electrical coiitrol unit
lockout operation) was difficul t. IDre to the Ihiglh inherent friction level, the purpose
of ann adljustable friction was negatedr. Thle Iiighl iierern I friction inl the engine power
levers assembly is at sliortconing.

Mission Maneuvering Characteristics

42. Lcft ,and right lateral aceelerations were conducted under the conditions listed
in table I1. Engine torque was incremnitally increased onl successive accelerations
until max inn 1111 allow able plower was rc,relned . Aircra ft response to lateral cyclic
control was (liick and positive. allowingn iii Atainment and ececllent control of'
roll attitudle (lmriri! the mraneuver. Ilitirimil rl lefIt lateral acceerations tile pilot was



able to maintain heading control. However, during the moderate right lateral
accelerations the directional control margin was minimal (less than 1.0 percent).
When a maximum right lateral acceleration was attempted, the left directional
control limit was reached at approximately 25 KTAS and aircraft heading could not
be maintained (HQRS 10). Additionally, a further degradation in tail rotor
performance can be expected as the density altitude is increased. The insuffficient
left directional control in right lateral accelerations is a deficiencN.

Instrument Flight Capability

43. Instrument flight characteristics were evaluated throughout the test. lowever.
two specific flights were conducted to simulate IMC. During one of these flights. the
pilot wore a removeable "hood" to restrict his peripheral vision. Both flights were
conducted in light turbulence. Navigational equipment installed limited the
evaluation to basic instrument pilot tasks, i.e.. climbs and descents, standard rate
turns, level flight, airspeed changes, instrument takeoffs (ITO). and simulated
ground controlled approaches.

44. When accelerating from a hover to 70 KIAS during ITOs. the aircraft exhibited
excessive pitch attitude changes (nose-up) which required large longitudinal cyclic
control inputs (approximately three inches) to maintain a correct pitch attitude. The
large trim change required during acceleration decreased flight path accuracy and
increased pilot workload (HQRS 5). This was previously discussed in paragraph 31. 

45. At airspeeds between 60 and 90 KIAS tle longitudinal control displacements
resulting from power applications increased the pilot workload significantly in
simulated IMC flight. This shortcoming is discussed in detail in paragraph 20.

46. At airspeeds greater than 120 KIAS (attitude hold ON) the pilot workload
in obtaining and maintaining a precise airspeed was significantly increased. With
attitude hold OFF the pilot workload was further increased. The increase in pilot
workload (attitude hold ON) when attempting to obtain and maintain precise
airspeed greater than 120 KIAS is a shortcoming. Simulated IMC flight in moderate
or greater turbulence should be evaluated prior to final judgment of IMC flight
characteristics.

Aircraft Systems Failures

Simulated Engine Failures:

47. To warn the pilot of engine malfunctions the YAII-64 utilized warning lights
and aural warning devices for gas producer speed (N(. ), power turbine speed (N),
and main rotor speed (NR f. Due to the various activation thresholds of the warning
devices, the pilot will have no warning, other than the primary engine instruments,
of a partial power engine malfunction if the failure stabilizes at an N . greater than
63 percent. This failure in a low power flight contfiguration such as a st'eep approach
or quick stop will be very difficult to detect since the torqlue split will be small.
Additionally. in the NOt environment the pilot will not be able to maintain an
adequate cross-check of the primary engine instrunicntls. Therefore. it is imlperative
that the pilot be given warning of partial power engine malfunctions. The lack of
adequaite cues to warn the pilot of a partial power engine malfunction is a
deficiency.
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Automatic Flight Control System Failures:

48. Simulated total ASE failures (disengagements) were (lualitatively evaluated
during the simulated IMC evaluations. Basic maneuvers were performed ASE OFF
with minimal pilot effort (HQRS 3). Above 120 KCAS. ASE OFF. the pilot
workload in controlling the pitch coupled dutch roll increased significantly.
(HQRS 6). The ASE OFF handling qualities of the YAII-64 below 120 KCAS during
simulatcd IMC are satisfactory.

STRUCTURAL DYNAMICS

Vibration Characteristics

49. Vibration characteristics of the YAII-64 wcrc qualitatively evaluated through-
out the test program and quantitatively evaluated at the conditions listed in table I.
Vibration characteristics are shown in figures 45 through 107. appendix 1.

50. The 4/rev (19.2 Hz) lateral vibrations were objectional to the pilots. Figures 40
and 55 depict the lateral vibration characteristics for both aircraft measured at the
pilot seat during airspeed sweeps. Generally vibrations levels of S/N 74-22248 were
quantitatively and qualitatively evaluated to be slightly higher than S/N 74-22249.
The moderate 4/rev lateral vibrations at airspeeds from 50 to 70 KCAS. and 100 to
130 KCAS were very noticeable to the pilot (VRS 4). but did not appear to increase
the pilot workload significantly. However, at airspeeds less than 50 KCAS and
greater than 130 KCAS the magnitudes of the lateral 4/rev vibration increased
significantly. The vibratory accelerations reached 0.7g at 34 KCAS (VRS 7) and 0.Sg
at 146 KCAS. The highest lateral 4/rev vibratory acceleration was experienced
during final approach while decelerating through translational lift (approximately
15 knots). At this point the pilot experienced 0.8g which blurred cockpit
instruments and caused cyclic stick vibrations (VRS 8). The excessive 4/rev lateral
vibration (pilot seat) during the termination of approach and in level flight at
airspeeds less than 50 KCAS and greater than 130 KCAS is a deficiency.

51. At rearward airspeeds greater than 15 KTAS the vertical and lateral 4/rev
vibrations increased significantly figures 81 and 82. However, the increase was much
less at the copilot-gunner seat, figures 84 and 85. The 4/rev vertical vibration
reached a maximum of 0.2g (fig. 81) at 25 KTAS (VRS 4).

52. Figures 72 through 80, depict the vibration levels of the YAII-64 in sideward
flight. At right sideward airspeeds greater than 15 KTAS. the 4/rev vibrations
measured at the aircraft's cg and pilot seat increased significantly. The lateral
vibration level peaked at 30 KTAS and reached 0.5g at the pilot's seat (VRS 6). As
in rearward flight, the increase in vibrations measured at the copilot-gunner's seat
was less than that measured at other stations.

53. The vibration characteristics of the YAH-64 werC also evahlated in climllbs and
descents and the results are presented in figures 63 through 71. At airspeeds from
108 to 118 K(AS in high-powered climbs, the lateral 4/rev accelerations measured
at the pilot seat were excessive (VRS 5). It should be noted that the trends indicated
that the lateral vibrations increase with airspeed: however, 118 KCAS was the
maximum airspeed evaluated in climbs. The moderate vihration in right sideward.
rearward flight, and in high power climbs (108 to 118 KCAS) is a shortcoming.
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54. Figures 90 through 98, depict the vibration levels of the Y AH·64 in 
maneuvering night. Vibration increases with increasing normal al!celcration were 
noticeable as an increase in 4/rev airframe vibration levels (VRS 5). No perceptible 
instrument blurring or control vibrations were noted. 

Structural Loads 

. During contractor developmental testing, high :tructural loads observed in 
the tail rotor, empennage, and tail boom were critical in certain flight regimes, so that 
continual telemetry monitoring was required. Consequently, the flight envelope of 
the Y J'.Jf.()4 was limited by the airworthiness release (refs 5 and 6, app A). The 
evaluation \Vas severely limited by the high structural loads, monitored by telemetry, 
in sidcw<ml flight including lateral accelerations, and the very low sideslip envelope 
at high speed. 

HUMAN FACTORS 

Cockpit Evaluation 

5o. The cockpit layout, switch function design and position, inst;·ument position, 
available cues. storage, and procedures were evaluated throughout flight testing and 
training. The simple, straight fonvard, and effective starting procedure used in the 
Y AH-(A is an enhancing characteristic. Consideration should be given to 
incorporating this type of procedure in future Army aircraft. 

57. The pilot must usc his thumb on the cyclic grip to perform eight different 
functions. Some of these functions arc required to be performed simultaneously 
such as kcy·ing the microphone and trimmin~ the aircraft. Additionally, the extreme 
reach for thL· trim release button is tiring to the pilot with a smaller than normal 
hand. The poor anthropometric design of the cyclic grip is a shortcoming. 

58. In order to usc the emergency canopy jettison handle, the pilot must use his 
left hand. squeeze the handk symmetrically and pull. If a pilot's left arm or hand is 
injured, jettisoning the canopy would become extremely difficult, if not impossible. 
The poor anthropometric design and location of the canopy jettison handle is a 
shortcoming, previously reported. 

59. When the engine condition levers (ECL) arc in full nft position, the engine fuel 
switches arc difficult to sec. These switches control the firewall fuel shutoff valves. 
In the event of an emergency, the pilot would be unable to see the fuel switches 
with the ECL:s in the aft position, but would have to verify OFF by touch. The 
poor location of engine fuel switches is a shortcoming previously reported. 

GO. The parking brake handle position is tl1e only cockpit indication of whether the 
brakes arc set or rclcasccl. During ground operations, the brakes on occasion were 
found to be set even with the parking brake handle full in (OFF position). 
Inadequate cockpit cues to determine parking brake status is a shortcoming. 

6 I. When locking or unlocking the tail wheel, the pilot had difficulty seeing the tail 
wheel lock/unlock light. Because of its position, the light was blocked by the glare 
shield, and the pilot had to bend over to sec it. The poor location of the tail wheel 
lock/unlock light is a shortcoming. 
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62. Thl~ present pilot seat of the Y AI 1·64 is ruJjustnblc only in the vertical axis. The 
tilt nwchunism used in EDT I wns locked out to reduce vibrations felt by the pUot. 
For those indivlduuls nt the extreme rnnge of Army anthropometric measurements, 
the inability to longitudinally adjust the scat would present a problem. Although the 
directionnl pedals nrc adjustable, the cyclic and collective controls are not. Therefore 
a small or large person must modify his posture to manipulate the controls which 
\vould induce fatigtll'. The Inck of a longitudinal scat adjustment on theY AH-64 is a 
shortcoming previously reported. 

63. The directional pedal adjustment on the Y AH-64 was provided by turning a 
rotary knob toea ted between the directional pedals. The excessive number of turns 
required to achieve a significant directional pedal adjustment is a shortcoming 
previously reported. 

64. At the bottom of each vertical Mnrconi Scale there was a green light signifying 
that electricai power was being supplied to the instrument. The pilot could be 
confused by the constant illumination of the bottom segment light. The light is 
unnecessary because of the pilot operated test features built into the airplane. The 
constant illumination of the bottom segment green light on the vertical scale of the 
Marconi instruments is a shortcoming. Additionally, the vertical scales of the 
Marconi instruments were unreadable in direct sunlight which is a shortcoming. 

65. The pilot was provided only a small space for checklist and logbook storage. 
No provisions had been made for navigation, survival or personal equipment storage. 
These items had to be placed on top of mission-essential switches. The lack of 
adequate cockpit storage area for the pilot's equipment is a shortcoming previously 
noted. 

66. Communication between cockpits was dependent solely on the ship's intercom 
system (ICS). Any ICS malfunction would preclude crew communication. Inclusion 
of corner mirrors in the front cockpit would enable the copilot to visually monitor 
the pilot, provi<le communication in the event of ICS failure, provide a means of 
monitoring weapons stores and provide a measure of visibility to the rear of the 
aircraft. Rearview mirrors should be installed in the front cockpit. 

67. Mission planning is a prefli_ght responsiblity and relies heavily on operator 
manual data. Due to many unforeseen circumstances, this infonnation may be 
invalid before or shortly after takeoff. Since there will be many different 
configurations, weights, and cg's- possible with the YAH·64,--and the varying 
conditions under which it might operate, the availability of in flight infonnation such 
as power available, fuel consumption, endurance, optimum power setting, etc., may 
menn the difference between successful mission completion or only a partial mission 
success. The operator's manual will be unuseable in flight during NOB. The Y AH-64 
helicopter should be provicJcd with an in flight mission planning _computer. 

68. During the EDT 2 it was noted that no provisions had been made for the 
incorporation of a pilot's placarded checklist. The pilot's workload will be 
significantly reduced during the landing and takeoff phases of the YAH-64's mission 
through the usc of placarded checklists. A placarded pretakeoff and prelanding 
checklist should be installed in theY AH-64. 
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station was adversely affected by the distortions around the canopy bracing and
reflections in the flat plate canopy. The pilot had problems identifying other aircraft
or objects due to the distortions. Light colored helmets or day-glow strip reflections
from copilot's helnet were distracting to the pilot and interfered with his field of
view. The numerous distortions and reflections throughout the canopy area are a
shortcoming previously reported.

70. The pilot's field of view was also restricted by the overhead circuit breaker
panel when the aircraft was in a left bank (20 to 45 degrees) and by the top support
assembly of the blast shield at airspeeds greater than 120 KCAS. The pilot had to
move his head or body in order to see around the structural assemblies. The
restricted field of view caused by the overhead circuit breaker panel when the
aircraft is in left banks of 20 to 45 degrees and by the top support assembly of the
blast shield at airspeeds above 120 KCAS is a shortcoming previously reported.

Fuel Management

71. The YAH-64 helicopter fuel system incorporated a boost pump, a manual cross
feed, and a transfer pump. A complete description of the fuel system is found in
reference 12. appendix A. Procedures required the boost pump ON for operation
above 10,000 feet. Because of the design of the fuel system, the boost pump would
pump air when the aft fuel tank was drained, keeping the forward fuel check valve
closed, thus, starving both engines of fuel. The possibility of having a dual engine
fuel starvation with useable fuel remaining is a deficiency. A fault tree analysis on
the current YAH-64 fuel system should be performed and the results should be
included in the EDT-3 Familiarization Manual.

72. The fuel transfer pump was rated at 4.0 gallons per minute (GPM). During
testing, actual transfer rate was approximnate0 2.5 GPM. At high power setlings, the
engines required 3.0 to 3.6 GPM. Thus. there exists a possibility of consuming fuel
faster than it could be transferred. The inadequate fuel transfer rate is a
shortcoming.

73. On numerous occasions during the evaluation. the pilot transferred or
attempted to transfer fuel in the wrong direction Vlih occurred during high gain
tasks where the pilot's attention was directed elsewhere. The pilot had no immediate
indication of fuel transfer direction except for switch position. The fuel gauge only
updated in 50-pound increments, which was too slow to determine transfer
direction. Additionally, the pilot had no immediate indication that the fuel transfer
pump was operational. The lack of adequate cockpit cues to determine positive fuel
transfer and direction is a shortconming. Consideration should be given to
incorporating an automatic fuel transfer system.

Noise

74. Canopy drummiing has been reduced from LDT I but was still objectionable.
At airspeeds less than 50 KCAS and greater than 130 KCAS the canopy drumming
was excessive and very annoying to the pilot. Additionally there was a marked
increase in canopy drumming at airspeeds from 108 to 118 KCAS in high power
climbs, and in bank angles greater than 300 with airspeeds greater than 90 KCAS.
Due to the possibility of pilot fatigue that may he associated with canopy
drumming, consideration should he given to perforniing a cockpit noise survey.
Excessive canopy drumming is a shortcoming, previously reported.
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RELIABILITY, AVAILABILITY AND MAINTAINABILITY

75. The reliability, availability and maintainability of the aiircra lt wa exaluatcd
throughout the test program. During FI!T 2 training and test i, 42 hour, %ere
flown in 16 working days. Maintenance down time was minimal Siniilarl. . durine
DT I and EDT I, the aircraft was flown 92 hours in 77 workine's davs and
21.8 hours in 9 working days. The high availability of the YAIH-64 is noteworth\.
However, numerous maintenance related shortcomin_,s were diwx',cred and fi%"e
equipment performance reports (EPR's) were submitted (:lpp ( F lhe tollowine
reliability and maintainability shortcomings were noted:

a. During ground handling, the taii wheel stupport assenbly was damaeLed
when the tail wheel locking pin was not released. The possibil it y of dani:iein
the tail wheel support assembly during ground handling operation is a shortcoming
previously reported.

b. Electrical power was required when pressure refteling tile aircraft in order
for automatic shutoff devices to tunction properlv. If pressure refueline ",s
attempted without electrical power. the a|utonatiC shutoft devices would be
bypassed, and the forward fuel cell may be overserviced. The possibility of
overservicing the forward fuel cell when pressure refueling is a shortcomiine.

c. The illumination of the Oil Pressure Accessor. Pump tOIL PRIS ACC
PMP) caution light during sideward tlight above 40 KTAS is a siortcoming
previously reported.

d. The auxiliary power unit (APtU) fail caution light was activated by
a reduction in APU oil pressure below 8 psi. There was no automatic shutoff for this
caution light. Thus, it remained on in flight causing a distraction to the pilot. The
APU fal caution light remaining illuminated in flight is a shortcoming.

e. The external power caution light illutminated during high power climbs.
The caution light was activated by opening a door covering the external power
receptacles. The problem probably originated due to air pressure opening the door
slightly in high power climbs. The external power caution light illuminating during
high power climbs is a shortcoming.

f. During preflight it was extremely difficult to determine the engine
oil levels without first opening the engine cowling. The accepted procedure was to
peer up through the fire access panel and view tile oil sight gauge reflection on a
piece of polished metal. This procedure was marginal at best. The difficulty in
reading the engine oil sight gauges without opening the engine cowlings is a
shortcoming.

g. After making a rotor brake locked start and with both engines at idle,
the rotor brake occasionally slipped. The possiblity of the rotor brake slipping
with both engines at flight idle is a shortcoming.

I. Both cn,,ine nose gear boxes of aircraft S,'N 74-22241). leaked oil
excessively throughout the testing. During one flight requiring high power. 1/4 of the
oil capacity of one gearbox was lost (approximately 22 ounces). The helicopter's
transmission and wing areas were continually covered with a film of oil making
movement in these areas unsafe and creating a fire hazard. The excessive nose
gearbox oil leakate is a shortcoming.
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i. The external power source would not automatically accept tile aircraft
electrical loads. Elcctrical power was restored to the aircraft when the external
power reset switch was cycled. The failure of the external power source to
immediately assume the aircraft electrical load is a shortcoming.

j. The APLtI ON advisory light illuminating prior to the APU stabilizing
at 100 percent rpm is a shortcoming.

k. In order to read the primary hydraulic accumulator pressure gauge during
preflight, a cowling with 12 dIZus fasteners must be removed and a mirror and
flashligll used, The difficlty in reading the primary hydraulic accumulator pressure
gauge is a shortcoming.

I. During engine start, the vertical scales of the Marconi torque gauge
illuminated and fluctuated full scale while the digital readout increased to
180) percent before droppine down to correct readings. The torque gauge fluctuation
dUring engine start is undesirable.
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CONCLUSIONS

GENERAL

76. Numerous enhancing characteristics, deficiencies, and shortcomings reported
during the )T I and the EDT I remain. Based on the EDT 2 flight test of the
YAil-64 helicopter, the following conclusions were reached:

a. The YAII-64 helicopter continues to possess excellent potential as an
attack helicopter (para 6).

b. Structural limitations imposed by the airworthiness release severly limited
this evaluation (para 55).

c. The performance of the YAII-64 helicopter as tested in I-DT 2 had
markedly deteriorated as compared to the same aircraft as tested in DT I (para 7).

d. The tail rotor performance has markedly deteriorated from DT I (paras 6.
9. and 35).

e. The torque matching and turbine gas temperature limiting feature of the
YT700-GI--700 engines were excellent (para 39).

f. The AS! OFF pitch-coupled dutch roll damping was slightly degraded

from that observed during 1)T I (para 27).

g. Five equipment performance reports were submitted (para 75).

h. Seven deficiencies and 43 shortcomings were identified (para 6).

i. The high availability of the YAH-64 is noteworthy (para 75).

ENHANCING CHARACTERISTICS

77. The starting procedure used in the YAH-64 is an enhancing characteristic
(para 56).

DEFICIENCIES

78. The following deficiencies (in order of their importance) were identified:

a. The pilot's restricted forward field of view due to the excessive nose-high
attitude durihg the landing approach (para 32).

*** b. The inability to control heading. ASF OFF, in left sideward flight
at 15 to 40 KTAS (para 36 and 37).

c. The insufficient left directional control margin in right lateral acceler-
ations (para 42).

***Previously reported (refs I and 2).
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d. The possibility of having dual-engine fuCl starvation with useable fuel

remaining (para 71 ).

e. The low activation threshold of the low rpm rotor warning (para 40).

f. The lack of adequate cues to warn the pilot of a partial power engine
malfunction (para 47).

**g. The excessive 4/rev lateral vibration (pilot seat ) during the termination

of approach and in level flight at airspeeds less than 50 KCAS and greater than 130
KCAS (para 50).

SHORTCOMINGS

79. The following shortcomings (in order ot their importance) were identified:

*a. The restricted field of view due to the nose-higli attitude during IRP

climbs (para 19).

*b. The restricted field of view caused by the overhead circuit breaker panel
when the aircraft is in left bank angles of 20 to 45 degrees and the top support
assembly of the blast shield at airspeeds above 120 KCAS (para 70).

**C. The YAH-64's handling qualities in sideward flight (airspeeds greater
than 20 KTAS) at the critical azimuth, ASl ON (para 37).

*d. The large longitudinal control displacement during takeoffs (para 31 I.

*e. The excessive longitudinal cyclic changes with power application (paras

20 and 31 ).

f. The moderate vibration in right sideward, rearward flight, and in high
power climbs (108 to 118 KCAS) (para 53).

*g. The excessive canopy drumming (para 74).

**h. The ASE OFF pitch-coupled dutch roll (pari 27).

i. The poor anthropometric design of tlie cyclic grip (para 57).

j. The increase in pilot workload (attitudc HO()D ON) when attempting to
obtain and maintain precise airspeeds greater than 120 K IAS (para 4 6s).

*k. The numerous distortions and refcclions throughout the canopy

(para 69).

***1. The nonlinear trim requirement. making precise airspeed and attitude
control difficult between 60 and 100 KCAS (para I -I.

m. Random unconinanded yaw excurmtow, in steady state banks of
40 degrees or greater (para 24).

*Previously reported (ref I
**Previouisly reported (ref 2)
***Previously reported Ires I and ")
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*n. The excessive directional control jump (para 16).

o. The excessive longitudinal and lateral breakout (plus friction) force
(para 15).

p. The weak longitudinal and lateral control force gradients (para 15).

q. The weak longitudinal and lateral centering control (p:arI 15 ).

r. The random yaw "shuffle" (para 18).

s. The lack of adequate cockpit cues to determine positive fuel transfer and
direction (para 73).

t. The inadequate fuel transfer rate (para 72).

u. Shallow stick free maneuvering stability gradient (para 24).

v. Inadvertent directional input hv the pilot due to the excessive hr:1kc
pedal pressure required during braking (para 30).

w. The high inherent friction in the engine power levers assembly (para 41 ).

*x. The poor location of engine fuel switches (para 5)).

y. The poor anthropometric design and location of the canopy jettison
handle (para 58).

z. Inadequate cockpit cues to determine parking brake status (para 60).

*aa. The lack of adequate cockpit slorage area for the pilot's equipment
(para 65).

bb. The vertical scales of the Marconi instruments were unreadable in direct

sunlight (para 64).

cc. The poor location of the tail wheel lock/unlock light (para 1).

**dd. The illumination of the oil pressure accessory pump caution light during

sideward flight above 40 KTAS (para 75c).

*ee. The possibility of damaging the tail wheel support assembly during ground

handling (para 7 5a).

ff. The possibility of overservicing the forward fuel cell when pressure

refueling (para 75b).

gg. The excessive nose gearbox oil leakage (para 75h).

*hh. The lack of a longitudinal seat adjustment (para o62).

ii. The possibility of the rotor brake slipping with both engines at idle
(para 75g).

*Previously reported (ref ).
**Previotusly reported (rel ).

25



jj. The APU FAIL caution light remaining illuminated in flight (para 75d).

kk. The EXTERNAL POWER caution light illuminating during high power
climbs (para 7 5c).

11. The difficulty in reading the engine oil sight gauges without opening the
engine cowlings (para 75f).

mm. The failure of the external power source to immediately assume the
aircraft electrical load (para 75i).

nn. The APU ON advisory light illuminating prior to the APU stabilizing at
100 percent rpm (para 75j).

oo. The constant illumination of the bottom segment green light on the
vertical scale of the Marconi instruments (para 64).

pp. The difficulty in reading the primary hydraulic accumulator pressure

gauge (para 75k).

*qq. The excessive number of turns required to achieve a significant directional
pedal adjustment (para 63).

*Previously reported (ref 1 ).
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RECOMMENDATIONS

80. The following recommendations are made:

a. The enhancing characteristic noted in paragraph 77 be included in future
Army aircraft.

b. The deficiencies noted in paragraph 78 be corrected prior to Engineering
Design Test 3 (EDT 3).

c. The shortcomings noted in paragraph 79 be corrected.

d. An evaluation be performed to determine the effects of yaw ASE hard-
overs during ground taxi operations (to include running landings) (para 29).

e. An NOE evaluation should be performed to determine the ramifications
of restricted field of view problems and aircraft attitudes on the NOE mission
(para 33).

f. Additional hover and lowspeed testing should be accomplished at higher

density altitudes (para 35).

g. A cockpit noise survey be performed in all flight regimes (para 74).

Ii. The YAII-64 helicopter should be provided with an inflight mission
planning computer (para 67).

i. Perform a fault trec analysis on the current YAH-64's fuel system and the
results should be included in the 11)T-3 familiarization manual (para 71).

j. An automatic fuel transfer system should be incorporated (para 73).

k. Simulated IMC flight in moderate or greater turbulence should be
evaluated prior to a final judgment of IMC flight characteristics (para 46).

m. A placarded pretakeoff and prelanding checklist should be installed in
the YAH-64 (para 68).

n. Rearview mirrors should be installed in the front cockpit (para 66).
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APPENDIX B. DESCRIPTION

I. The YAH-64 advanced attack helicopter (fig. 1), is a tandem, two-place twin
turbine-engine, single-main-rotor aircraft manufactured by Hughes Helicopters, a
division of Summa Corporation. The aircraft is designed to deliver various
combinations of ordnance stored both internally and externally on the four wing
store positions during day and night combat conditions. Photos 1 through 4 are
views of the YAH-64 Mod 2B version which was flown during EDT 2. Aircraft
S/N 74-22248 was configured with a mockup of the Martin Marietta Pilots Night
Vision System (PNVS) and aircraft S/N 74-22249 with the Northrop Aircraft
Corporation PNVS (photos 5 and 6). Basic design information is listed below. A
complete description of the aircraft is contained in references 9, 10, 11, appendix
A.

DIMENSIONS AND GENERAL DATA
EDT-2

Main Rotor Mod 2B

Diameter (ft) 48
Blade chord (in.) 21.0*
Main rotor blade area (ft 2 ) 150.88
Main rotor disc area (ft2 ) 1809.56
Main rotor solidity (thrust weighted, 0.092

no tip loss)
Airfoil HH-02" *
Twist 9 deg washout
Number of blades 4
Rotor speed at 100 percent Np (rpm) 289.3
Normal tip speed (&2R) (ft/sec) 727.09

Tail Rotor

Diameter (ft) 8.33
Chord constant (in.) 10
Tail rotor blade area (ft 2 ) 1 0
Tail rotor disc area (ft 2 ) 54.54
Tail rotor solidity 0.2475
Airfoil NACA 632-414 (modified)
Twist (degrees) 0
Number of blades 4
Rotor speed at 100 percent Np (rpm) 1411
Distance from main rotor mast centerline (CL) (ft) 28.49
Normal tip speed (S2R) (ft/sec) 615.44
Teetering angle (deg) 35

*Includes tips
*Outer 20 inches swept back 20 degrees and transitioned to an NACA 64A 006

airfoil.

29



Horizontal Stabilizer DT- I EDT-I EDT-2Phase 1 Mod 1 Mod 2B

Weight (4b) 106 37.1 112.8
Area (ft-) 32.95 32.99 32.99
Span (ft) 11.03 11.46 11.46
Tip chord (ft) 1.97 1.94 1.94
Root chord (ft) 3.90 3.81 *** 3.81***
Airfoil NACA 0015 NACA 0015 NACA 0015
Geometric aspect ratio 3.69 3.98 3.98
Incidence of chord line (deg) Zero -1 +1
Sweepback of leading edge (deg) 25 0 0
Sweepback of trailing edge (deg) 6.620 19.13* (swept forward) -19.13' (swept forward)
Dihedral (deg) 0 0 0

Vertical Stabilizer

Area (from boom C ) (ft 2 ) 32.80 32.80
Span (from boom C-) (in.) 113.0 113.0
Root chord (at boom CL) (in.) 47.84 47.84
Geometric aspect ratio 2.77 2.77
Airfoil NACA 4415 modified NACA 4415 modified

at root (CL boom) at root (CL boom)
tapering to NACA 4416 tapering to NACA 4416
at 66 in. from boom CL at 66 in. from boom CL

Leading edge sweep (deg) 32
(to 66 in. from boom CL) 32.28 32.28
(from 66 to 113 in. from

boom CL) 32.28 25.68

Rudder deflection 12 12 + 10' tab extension
NOTE: Below fold joint (above fold joint)
deflection should fair
from 12 deg at top to
half ellipse at bottom

Wing

Span (ft) 16.33 16.33
Mean aerodylamic chord (in.) 45.9 45.9
Total area (ffZ) 61.56 61.56
Flap area (ft ) 8.71 8.71
Airfoil at root NACA 4418 NACA 4418

***Reference is 3.2 inches from centerline (CL)
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FLIGHT CONTROL I)SCRIPTION

2. The YAI 1-4 helicopter employs a single hydromechanical irreversible flight
control system. The hydronmechanical system is mechanically activated with con-
ventional pilot cyclic, collective and pedal controls, through a series of push-pull
tubes going to four airframe-mounted hydraulic servo actuators. The four hydraulic
servo actuators control longitudinal cyclic, lateral cyclic, collective, tail rotor col-
lective pitch, and are powered by two independent 3000-psi hydraulic systems
which are powered by hydraulic pumps mounted on the accessory gearbox to allow
full operation under a dual-engine failure condition. An automatic stabilization
equipment (ASE) system is installed to provide closed-loop rate stability augmen-
tation control (SAS) of limited 10 percent authority in pitch and roll and 20 percent
authority in yaw. Included with the AS17 are an attitude retention mode and a wing
flap control system. A force trim system (FTS) is incorporated in cyclic and pedal
controls to provide a control force gradient with control displacement from a
selected trim position. A force trim interrupter button, located on the cyclic grip,
provides a momentary interruption of the force trim in all axes simultaneously to
allow the cyclic or pedal control to be placed in a new trim position. The collective
lever has a mechanical friction device and a I g balance spring to balance the collec-
tive control forces. Full control travel is approximately 10 inches in the cyclic
longitudinal control, 10 inches in the lateral control, 12 inches in the collective
control, and 6 inches in the rudder pedals.

Cyclic Control System

3. The cyclic control system consists of dual-tandem cyclic control attached to
individual support assemblies at the cyclic control (fig. 2). The support assembly
houses the primary longitudinal and lateral control stops, and two linear variable
displacement transducers (LVDI ) designed to measure electrically the longitudinal
and lateral mot ions of the cyclic for ASF- computer inputs. A series of push-pull
tubes and bell cranks transmits the motion of the cyclic control to servo actuators
and the mixer assembly. Motion of the mixer assembly positions the nonrotating
swashplate, which is linked to tihe rotating swashplate to control the main rotor
blades in cyclic and collective pitch (figure 3). The handgrip utilized on the YAII-64
cyclic stick is similar to the 011-58 handgrip.

Cyclic Force Trim System (FTS)

4. The cyclic control FTS provides cyclic control feel and allows close reposi-
tioning with the use of the cyclic trim button. Individual longitudinal and lateral
electromagnetic brake clutches incorporating trim feel springs are provided for
control centering and a control force gradient. The system is operational whenever
electric power is applied. The electromagnetic brake clutch is powered by 28 VDC
and is protected by a trim circuit breaker panel. In, the event of complete electrical
)C failure, the FTS is disabled, and cyclic control movement will not be resisted

longitudinally, or laterally.

Collective Control System

5. 'le collectivc pitlch control sVStemn COnsist, of dUal-tandem controls connected
by push-pull tubes ild hell crank, (fig. 4). Located at each collective control base
assembly unit are the primar coilt ml stop an LVIDT and 1 g balance spring. Tile
LVDT supplies eleclrical inputs to tlie ASI: and to lt i load-demand spindle of the
engine hydromechaical iunit t IIMl ). hich is a sectioI of tlIe fhuel control unit for
tihe Y7t)0-( ;.-700 eim'ijes. HW in pt! to thl' I I p1rosides collective pitch
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colmpensation which acts as a llain rotor droop compcnsator. Additional . the
collective LVI1)1 provides inputs to the wing flap control s%,stem. A series of
push-pull tubes and bell cranks transmits collectisc Illmoements to the :ollective
servo actuator, the main rotor mixer unit, and the main rotor.

6. A switch box assembly at the top of each collective control contains numerous
switches. The engine-cut button (tnon standard) provides for rapid deceleration of
the engines to ground-idle in event of an emergency where the pilot cannot release
the collective control to retard the speed selectors. Both collective controls incor-
porate adjustable friction devices.

Directional Control System

7. Tile directional control system (fig. 5) consists of tile following componlenls:
two sets of adjustable directional control pedals: two sets of wheel brake cylin-
ders, and a series of push-pull tubes and bell cranks which extend the length of the
airframe via the tail rotor servo actuator and terminate at the tail rotor gearbox.
Attached to each directional pedal assembly are the primary tail rotor control
stops and one LVD)T.

Directional Control

8. The pedal trim gradient system incorporates a similiar magnetic clutch and
spring assembly as previously described for the cyclic control (para 3). Tile trim
gradient is to help reduce control sensitivity and control force disharmony.

HYDRAULIC SYSTEM

General

(). Th hydraulic system consists of four hydraulic servo actuators powered
simultaneously by two independent 3000-psi hydraulic systems. 'Fhe two systems
(primary and uti'lity) are driven off the accessory gearbox utilizing variable dis-
placement pumps. independent reservoirs, and accumulators. The APIU drives all
accessories, including tile hydraulic pumnps, when tile aircraft is on the ground and
the rotor is not turning.

Primary Hydraulic System

10, The primary hydraulic system consists of a 30 cubic inch capacity reservoir.
which is air charged to 20 to 00 psig using air from the shaft-driven compressor:
an accumulator, which has a nitrogen precharge of 1600 psi, designed to reduce
surges in the hydraulic system: and a primary manitold that redirects tile fluid to
the lower side of the dual-tanden actuators of the four servo actuators. The pri-
mary system provides the hydraulic pressure for the ASIF.

Utility Hydraulic System

II. The utility hydraulic systeni consists of a 270 cubic inch reservoir and a
300 0-psi accumulator to drive the AP11 starting motor and to provide hydraulic
pressure to the flight control svst em in the event of a dual hydraulic svsten failure.
lach servo actuator simultaneously, receives pressure from the primary and utilitv
systems to drive tie dual-tandem act , Iiilors. lhis design allows Ile remaining system
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to auitomiatically Cont11inu powering the servos inl tile eve.nt ot a hlydraulic system
failure. 'Tle utility man1itiold directs fluiid to thle ti pper side of the servo actunators,
thle stores pylon systemn ( wh lih aIct ates thle pN Ions ini eleva tions from +10 ( to
-28 degrees), wing flaps. gun azimuth and elevation, and rotor brake. Other miani-
fold funct ions include a low fluid sensor which isolates Al a x iliary functions to
provide hydraulic pressure only to the servo actuators and rotor brake and a
low-pressure sensor which isolates tilie accumulaitih or to remalin as a reserve hy~draulic
source for the servo actuaztors.

Automatic Stabilization Equipment System

1 2. [hle automa tic stabilization equiiipmen t (ASI I) s\ st em tuig. (6) consists of fouir
subsystems: A st abilizat ion augmnen tat Iionl system ( SAs i. a flp control systeciii, I
lon1gitudinail force feel system ( FFS). and a back-tip) control systemn ( 13t1(S). The
FI:S and BU('S were not operationlal during this ev aluat ion.

Stability Augmentation System

1 3. The SA S hias five functions, Its pri mar\ tnn~Ct ionl is to prouid thIiree aIXes
a ngular rate dam1pinig With the autholionty limited to 10 percent control travel inl pitch
anid roll and 20 percent inl yaw. A secondk 'I unction of tile SA S is to provide control
augmentation iin pitch,. roll arid yaw. Although a part of' SA S circuitry. thiis sub-
system is generally ref'erred to as thle control augumentat ion system (('AS). Thie
third funiction of SAS is to provide a limlited auithority (50 percent of' SAS author-
ity) attitudeI hldI feature in the pitch and roll a\es. Thle fourth fuinct ion. which is
an outgrowth IOf thle at tit( ode0hod teatuore, is to provide a degree 01' ilIcreased lon1gi-
tudinal static stability. The til Iifunict ion. turn coordination, is achieved by uitili/ing
one of the chian nels ot the yaw SA S in conjimict iou wit Ii sidesl ip inputs.

14. Thle ASF. computer receives flight control iniputs via tile [VDT. Thle AS. coin1-
puter also receives inputs from tile pitch. roll and yaw rates gyros: a roll and pitch
attitude (vertical) gyro: a sideslip sensor: and an airspeed sensor~ Ifig. 7). The analog
computer initegrates all iinpu ts to provide Sinoo0thI control signals for thle SAS control
servos. The computer hias a built-ini test equipment l~I'I) systei whtichi allows thle
pilot to check tilie aut omat ic hardover monitoring, circuits prior to rot or eggmn
Additionally. inl flight tile auitomiat ic servo monitor systeni is designed toi coimpare
actuator posit ion withI SAS comnmands and Will disabhle thle particular SA S a~ is if' thle
two are not compatible ( hardover protection). ASI: cock pit control switches are
provided to the pilot only: however. SAS d isenigagemeint sw\itcheCs are locaJted on tieC
cyclic control grips for both pilots.

15. Thle pitch SAS is dual-clian nel. withI each chan nel pros id inrg ± 5 percent control
authority. Figure 8 is a block diagrami of' lie pitch SAS. (Chianinil 2 receives inputs
fromi the pitch rate gyro to provide part of thle total system's pit ch rate daniping.
All washout times referred to iii thIiis report have been coriputed for 3 time con-
staiits which is eq uivaleiit to 95 percent Washout. TIhiis signial is washed out after
approxima;tely 30 seconids (t riim engagedh ) s0 that thle SAS actunator will recetiter
anod not oppose steady staite maneuvers such as d iviiig flight.

16. A fast Waiou 1t 3.5 secondIs (is [IFrvided wheOliet-e in ec ebi oii
pressed to allow ra pid cenit ering of thle SA S act oator d unring ai rcrafIt ret riniming.
The CAS receives iil iniput trout the longitudinal control I VI and works through
channel 1 to providle a stick qluickeinrg tunct ion (AS\,,ashout t imies aire, 7z0.4 sec-
onds normallhy. and --3.5 seconds Wilth le toicc t rim rclease but tori depressed. [hle
CAS inputs aire eliinateId when1 t1re at ItrhI hold teCatime is SCClek e. [lie si1rii 01
channiel I rate danipii and (AS inputs Is liiriiiel to ) lM'rcent ot control travel.
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17. Channel 2 of the pitch SAS receives inputs from tile pitch attitude gyro and tile
airspeed sensor. A pitch rate is then derived and utilized to provide a rate damping
command from channel 2. Another signal, proportional to pitch attitude and air-
speed provides both pitch attitude hold and some tailoring of control position static
longitudinal stability. The attitude washout time is -3.5 seconds and presently inde-
pendent of the force trim release button position.

18. The pitch rate damping functions are saturated if an external disturbance
causes an aircraft pitch rate change greater than 11 deg/sec (rate obtained over a
one second interval). The pitch attitude hold function is saturated by a deviation
from trim pitch attitude of 10 degrees (change in attitude obtained over a one sec-
ond interval).

19. The roll SAS is similar to the pitch SAS, differing primarily in the gain and
time constants. Figure 9 is a block diagram of the roll SAS. Channel I receives
inputs from the roll rate gyro for rate damping and from the lateral control posi-
tion LVDT for the CAS. Washout circuits are provided for the rate signals and CAS
signals. Rate damping washout times are 30 seconds normally and 4.4 seconds with
force trim release button depressed. The CAS washout times are 15 seconds nor-
mally and 3.6 seconds with the force trim release button depressed. Due to an ex-
tremely fast washout time the CAS inputs in roll with the attitude hold engaged
have very little effect. The operation of the roll CAS differs from the pitch CAS
in that it does not serve as a stick quickener. The roll CAS inputs are lagged and act
to prevent a roll rate decrease due to rate damping functions. Figure 10 shows the
effect of roll CAS on aircraft roll response.

20. Channel 2 of the roll SAS receives its input from the roll attitude gyro, a roll
attitude hold function, and a rate damping function utilizing derived roll rate. The
attitude signal washout time is -3.5 seconds.

21. The roll rate damping function is saturated with a 38 deg/sec roll rate (change
in rate obtained over a one second interval). The roll attitude hold function is satu-
rated by a deviation from trim roll attitude of 36 degrees (change in attitude ob-
tained over a one second interval).

22. The yaw SAS is also dual-channel with each channel providing ± 16 percent of
yaw actuator authority. The sum of the two channel inputs is limited to
±20 percent by the yaw actuator itself. Figure II is a block diagram of the yaw
SAS. Channel 1, which receives inputs from the yaw rate gyro. pedal position
sensors, and the sideslip vane, functions to provide rate damping, pseudo-attitude
hold, control augmentation, and zero sideslip retention. The rate damping subsystem
uses yaw rate gyro data to compute a rate damping signal and a lagged rate signal
which provides the pseudo-attitude hold.

23. The yaw CAS inputs are computed from the pedal position sensors, and are
summed with the rate plus lagged rate signal. This combined signal has a washout
time of 15 seconds normally and 3.5 seconds with the force trim release button
depressed. This washout out command is then augmented by a zero sideslip reten-
tion command down to airspeeds of 52 KIAS when decelerating or airspeeds above
62 KIAS when accelerating.

24. Channel 2 of the yaw SAS has a rate damping plus lagged rate (AS and wash-
out circuitry identical to channel I and utilizes tlie same yaw rate gyro adl(l pedal
position inputs. A separate function of channel 2 uses roll attitude, roll rate, and
airspeed to compute a trim rate signal to suipplement I lie sideslip signal o channel I,
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which in turn provides automatic turn coordination. This computed trim rate signal
is activated at airspeeds over 50 KIAS. In the present system the yaw rate damping
function is saturated with an 8 deg/sec yaw rate (change in rate obtained over a
one second interval).

Wing Flaps

25. T he wing flaps are variably controlled airfoils designed to increase the maneu-
vering load factor of the aircraft. They are progarnmned through the control pro-
gramming unit as a function of collective control position, airspeed, rocket pod
position, normal acceleration, and action switch position (fig. 1 2 and table I )

Table 1. Wing Flap Position Chart

Case Crew Station Controls Other Conditions Flap Position

1. Collective stick: Full down --45 deg up (full up)
(autorotation)

2. Collective stick ,Greater than Airspeed less than +20 deg down
5.2 inches 100 knots (full down)

3. Collective stick, Greater than Airspeed greater +5 deg down plus
4.0 inches and pitch rate than 100 knots inputs to assist pitch

rate with return :To
5 deg down

4. Action switch: Rocket Airspeed less than -45 deg up
position 50 knots, pods

10 deg nose down

5. Action switch:. Rocket Airspeed greater than -1 deg up
100 knots.

Notes: Case I overrides cases 4 and 5
Case 4 overrides case 2
Case 5 overrides cases 2 and 3

52



V •100K20

10 o . ..

SS

I -5z
2-10

.FL/AP LIMITS

w20

-25 e2

~-30 +0

-35

-40

-45

0 1 2 3 4 5 6 7 8 9 10 11 12

DOWN UP
COLLECTIVE STICK POSITION-IN.

Figure 12. Ilap Irograuming

53



ENGINE DESCRIPTION

26. The power plant for the YAII-64 helicopter is the General Electric
YT700-GE-700 front drive turboshaft engine, rated at 1563 shp (sea level, standard
day, uninstalled). The engines are mounted in nacelles on either side of the main
transmission. The basic engine consists of four modules: A cold section, a hot sec-
tion, a power turbine, and an accessory section. Design features of each engine in-
clude an axial-centrifugal flow compressor, a through-flow combustor, a two-stage
air-cooled high-pressure gas generator turbine, a two-stage uncooled power turbine,
and self-contained lubrication and electrical systems. In order to reduce sand and
dust erosion, and foreign object damage (FOD), an integral particle separator oper-
ates when the engine is running.The YT700-GE-700 engine also incorporates a his-
tory recorder which records total engine events. Pertinent engine data are shown
below. A more complete engine description is contained in reference 1, appendix A.

Model YT700-GE-700 (updated)

Type Turboshaft

Rated power (intermediate) (shp) 1563, sea-level, standard-day,
uninstalled

Output speed (Np 100/) (rpm) 20,952

Compressor 5 axial stages, I centrifugal stage

Variable geometry Inlet guide vanes, stages I and 2
stator vanes

Combustion chamber Single annular chamber with axial
flow

Gas generator turbine stages

Power turbine stages 2

Direction of rotation (aft looking Clockwise
forward)

Weight (dry) (Ib) 415

Length (in.) 47

Maximum diameter (in.) 25

Fuel Millf- 24 (JP-4 or JP-5)

Lubricating oil MIIA -7808 or MIL-L-23699

tlectrical power requirements 40W, 11 5VAC, 400 Iz
for history recorder and
Np overspeed protect ion
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Electrical power requirements 1 amp, 28 VDC
for anti-ice valve, filter
bypass indication, oil filter
bypass indication, and magnetic
chip detector

BLACK HOLE OCAR[NA INFRARED SUPPRESSOR

27. The black hole ocarina (BHO) was designed to replace the engine cooling fan
used in the phase I aircraft. The BHO (fig. 13) consists of finned exhaust pipes
attached to the engine outlet and bent outboard to mask hot engine parts. The
finned pipes radiate heat which is cooled by rotor downwash in hover and turbulent
air flow in forward flight. The engine exhaust plume is cooled by mixing it with
engine cooling air and bay cooling air (fig. 13). The exhaust acts as an eductor,
creating air flow over the combustion section of the engine providing engine cooling.
Fixed louvers on the top and bottom of the aft cowl and a door on the bottom
forward cowling provide convective cooling to the engine during shut down. The
movable bottom door is closed by engine bleed air during engine operation.
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APPENDIX C. INSTRUMENTATION

The test instrumentation was installed, calibrated, and maintained by HH. A test
airspeed boom with swiveling pitot-static head was installed on the nose of both
aircraft, and connected to an airspeed indicator and altimeter. Boom airspeed
system calibration for aircraft S/N 74-22248 and S/N 74-22249 are shown in figures
1 and 2, respectively. Torquemeter calibrations are shown in figures 3 through t.
Data were measured with calibrated instrumentation and displayed or recorded as
indicated below. The parameters were measured on both aircraft unless otherwise
noted. Numerous structural measurements which were required for safety of flight
are not included in the following list.

Pilot's Panel

Airspeed (boom system)
Pressure altitude (boom system)
Etigine output shaft torque'
Engine measured gas temperature (T4.5)'
Engine gas generator speed'
Main rotor speed
Control position indicators

Longitudinal
Lateral
Directional
Collective

Center-of-gravity normal acceleration
Angle of sideslip
Rate of climb
Event switch
Instrumentation controls and status lights
Tether cable tension2

Tether cable angle 2

Longitudinal
Lateral

Copilot/Gunner's Panel

Airspeed (boom system)
Pressure altitude (boom system)
Engine output shaft torque'
Engine measured gas temperature (T4.5) 1

Main rotor speed
Center-of-gravity normal acceleration
Angle of sideslip
Fuel used (totalizer)
Outside air temperature

'Both engines
2 S/N 74-22249 only
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Time code display
Event switch
lnstnunentation controls and status lights

Magnetic Tape

Time of day
Pilot event
Copilot event
Control position indicators

Longitudinal
Lateral
l)irectional
Collective

Control torce
Longitudinal
Lateral
Directional
Collective

SAS actuator position
Pitch
Roll
Yaw

ASE wing flap position
Aircraft attitude, rate, and angular acceleration

Pitch
Roll
Yaw

Angle of attack
Angle of sideslip
Center-of-gravity acceleration

Vertical
Lateral
Longitudinal

Main rotor speed
Main rotor shaft torque "1
Main rotor azimuth index 3

Main rotor flapping angle 3
Main rotor feathering angle3

Main rotor lead-lag angle 3

Tail rotor shaft torque
Tail rotor teeter angle
Airspeed (boom system)
Static pressure (boom system)
Total air temperature
Engine output shaft torque'
Engine fuel used'
Engine gas generator speed'

Both engines
' S/N 74-22249 onl\
'S!N 74-22248 ,rly
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Engine power turbine speed2

Engine measured gas generator speed'
Engine fuel flow'
Tether cable tension2

Tether cable angle 2

Longitudinal
Lateral

Vibration acceleration (3 axes)
Pilot seat
Copilot/gunner seat
Aircraft center-of-gravity

Botlh engines
2 S/N 74-2224) only

'S/N 74-22248 only
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APPENDIX D. TEST TECHNIQUES

AND DATA ANALYSIS METHODS

TEST TECHNIQUES

I. (onventional test techniques were used in both the performance and handling
qualities testing. The basic techniques employed for each test are described in the
Results and Discussion section of this report. Detailed descriptions of all test tech-
niques are contained in rcferences 7 and 8. appendix A.

DATA ANALYSIS METHODS

I The helicopter performance test data were generalized by use of non-dimen-
sional coefficients and were such that the effects of compressibility and blade
stall were not separated and defined. The following non-dimensional coefficients
were used to generalize the hover, level flight, and climb test results obtained during
this flight test program.

a. Coefficient of power (Cp):

SHP(550) (1)

pA(92R) 3  K

b. Coefficient of thrust (CT):

ThIrust
cT -- (2)

pA(QR)
2

c. Advance ratio (p):

1.0878 VT

12 R (3)

d. Advkacini tip Mach number (Mtip):

1.6878 V1T + (.WR)Mtip :(4)

Where:

Slll = Inine ('utptt shaft horsepower (both engines)
550 = Conversion factoi (ft lb/secish p)
p Air densitv (slug/ft" ) i
A Main rotor disc area (ft)
SZ Main rotor anvular velo,+itv (radian 'sect
R Main rotor ra(iiutL (it)

66



Thrust Gross weight (lb) during free flight in which there is no acceleration
or velocity component in the vertical direction. Tether load must be added in the
case of tethered hover.

1.6878 = Conversion factor (ft/sec/kt)
VT = True airspeed (kt)
a = Speed of sound (ft/sec) = 11 16.45 -/0

Shaft Horsepower Required

3. Engine output shaft torque was determined by the use of the engine torque-
meter. The tor(Luemeter was calibrated in a test cell by the engine manufacturer
(figs. 3 through 6, app C). The outputs from the engine torquemeters were recorded
on the on-board data recording system. The output shp was determined from the
engine output shaft torque and rotational speed by the following equation:

2tx Npx Q
SHP = (5)

33,000

Where:

Np = Engine output shaft rotational speed (rpm)
Q = Engine output shaft torque (ft-lb)
33,000 = Conversion factor (ft-lb/min/shp)

Hover Performance

4. [lover performance was obtained OGE by the tethered hover technique. The
hover test was conducted in winds of less than 5 knots. Tethered hover consisted
of restraining the helicopter to the ground by a cable in series with a load cell. An
increase in cable tension, measured by the load cell, had the same effect on hover
performance as increasing gross weight. Atmospheric pressure, temperature, and
wind velocity were recorded from a ground weather station. All hover data were
reduced to non-dimensional parameters of Cp and CT (equations I and 2).

Tail Rotor Performance

5. During hover performance tests, tail rotor performance parameters were also
recorded. Terms in equations I and 2, which apply to the main rotor. were replaced
by tail rotor parameters for non-dimensionalized tail rotor performance. The rede-
fined terms are as follows:

SHP = Tail rotor shaft horsepower (SHPTR)
A = Tail rotor disc area (ft-)
2 = Tail rotor angular velocity (radian/sec)
R = Tail rotor radius (ft)
Thrust = Tail rotor thrust (Ib)

Tail rotor slip was determined from tli. following equation:

27r x NR x 4.8824 x (TR
SIlPTR = 33.000 67 (6)



Where:

NR = Rotational speed of the main rotor (revolutions/minute)
QTR = Tail rotor torque (ft-lb)
4.8824 = Gear ratio between tail and main rotors

6. The tail rotor thrust for hover was determined by making two assumptions.
These assumptions were necessary since sufficient information was not available
and tail rotor thrust could not be measured directly during the evaluation. The first
assumption was that all directional moments to react main rotor torque would be
generated by the antitorque tail rotor. This assumption neglected any possible
restoring moments that could be derived from rotor downwash and recirculating
airflow over the fuselage, tail boom section, and empennage. The second assumption
was that the temperature of the airflow passing through the tail rotor was not signi-
ficantly influenced by the engine exhaust gasses. Tail rotor thrust was determined
from the following equation:

QMRThrustTR = it (7)

ItI

Where:

QMR = Main rotor shaft torque (ft-lb) (Calculated from total engine torque
less accessory losses less tail rotor torque)

It = Perpendiculat distance between center lines of main and tail rotor shafts =
28.49 feet

Generalized Climb and Descent Performance

7. A series of sawtooth climbs and partial power descents were flown to deter-
mine generalized climb and descent performance. The rates of climb and descent
(dHn/dt) were determined from the rate of change of boom pressure altitude (lip)
with time, corrected for instrument error, static position error, and altimeter error
caused by nonstandard temperature using the following equation:

R/CT = -p Tt(8)

Where:

dt - Slope of pressure altitude versus time curve at a given altitude (ft/min)

Tt = Test ambient air temperature at the pressure altitude at which the slope
is taken (CK)

TS. Standard ambient air temperature at the pressure altitude at which the
slope is taken (CK)

8. Climb and descent performance were reduced to generalized parameters to
provide a means for computing performance at any specific climb or descent con-
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ditions. The following parameters were used to generalize the climb and descent data:

Generalized power, variatton from level flight:

ACPGFN~c p- Cp1

0.707 CT 15 (9)

Vertical velocity ratio (V~v R):

Vv
II =_______

(E2R) -, CT! 2
(10)

Forward velocity ratio (FVR):

-v 
VIh

M 2R) ~CV

Where:

Cp Climb power coefficicni

Cpl Level flight power coefficient

Vv =Vertical velocity (Il iC R/

VI=Forwardl vclocity (ftisec) (V 1. 0.8;'V)-

9. Climb power ickitiired for any condition can then he computed Irorn these
equiations by determinlitil / P(-1. N ;1: I ':I~tionl of VVR and FVR required for
thle ;pecific cojihtfi i lie le-vel fthpos Oci we lficienl ((,I), was obtained from
the non-dimiens;ional lc\,el tligi t ,. - I mance curves.

Level Flight Perfornmance

1 0. Level Ii igli t ,j1Lcd -powecr perlk rma nec was doernii ied by usinig equations 1.
2. and 3. Fach >,pecd-power was flown at a predetermined ("I wvith rotor speed held
cons)tant. To nm nt am the ratio of \rAc wight to air density ratio ( W/u) constant,
altiiude was ireasd &', CUeL1 \a 0liM,!!C.!



11. Test-day level flight power was corrected to standard-day conditions by
assuming that the test-day dimensionless parameters CP., CT., and p% are identical
to Cpt, CTt, and PT , respectively.

From equation 1, the following relationship can be derived:

Ps)
SHPs = SHPt

Pt (131

Where:

t = Test day
s = Standard day

12. Test specific range was calculated using level flight performance curves and the
measured fuel flow.

NAMPP = VTWf

(14)

Where:

NAMPP = Nautical air miles per pound of fuel
VT True airspeed (kt)
Wf Fuel flow (lb/hr)

13. Changes in the equivalent flat plate area (Afe) t'Or various aircraft configura-
tions were calculated by the following equation:

2(AC )A6&e y 3 ,

Where:

Afe = ('hane In flat plate area (ft 2 )
ACp = Change in coefficient of power at constant CT and A
A = Main rotor disc area (ft 2 )

A rotor efficiency of 100 percent was used for all equivalent flat plate area calcula-
tions.

Drive Train and Accessory Losses

14. Main transmission and drive train power losses were determined by comparing
the total engine shaft horsepower to the total rotor horsepower, as follows:
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Where . AIP [ I Slp - II P (1)

FSHP = Total engne shaft horsepower (both)
RIIP = Main rotor horsepower plus tail rotor horsepower

Handling Qualities

15. Stability and control data were collected and evaluated using standard test
methods as described in reference 8. appendix A. Definitions of deficiencies and
shortcomings are as stipulated in Army Regulation 3 10-25.

Dynamic Response

16. The dynamic response characteristics of the aircraft were evaluated to deter-
mine the damping ratios (c). Damping ratios were determined for all conditions
tested using the logarithmic decrement method. The logarithmic decrement is de-
fined as the natural logarithm of the ratio of any two successive peaks (fig. 1).

X1

/
/

/
V i

I IgurV 1. Rt. , e)cav of (scillation Measured by the I ogarithmnic l)ecrement

The logarith in IL lccrcvicnt of 8 is mathbnea ically expressed as :

-~ 1 (1.7)T
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Since the period of the damped oscillation is equal to:

r= 2 7r/GwnV - _ 2 (18)

The decrement can be rewritten as:

x
6 In - 2 /lr/-1- (19)

X,

As seen in figure 2 for small values of "

xl

6< 3, I n /27r (20)

12

z

10
oa 2

Oo 0.:2 0.4 0.6 0 .8 1.0

C 'I

'=E = DAMPING FACTOR i

Figurc 2. L.ogarithmic Decremients of Function of"

The frequency is defined ais wo = -7/'r ra d/sec" the natural frequency is defined as.
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Vibrations

17. The PCM vibration data were reduced by means of a fast Fourier transform
from the analog flight tape. Vibration levels, representing peak amplitudes, were
extracted from this analysis at selected harmonics of the main rotor frequency.
The Vibration Rating Scale, presented in figure 3, was used to augment crew com-
ments on aircraft vibration levels.

Engine Performance

18. The YAH-64 S/N 74-22248 was equipped with YT 700-GE-700 engines
S/N 20745R and S/N 20748R, installed in the left and right engine nacelles
respectively. Data for the engine torque, fuel flow, measured gas temperature, and
gas producer speed were otained from the engine acceptance test run. The YAH-64
S/N 74-22249 was equipped with calibrated YT 700-GE-700 engine S/N 207239R
and S/N 207237R installed in the left and right engine nacelles respectively. Data for
engine torque, fuel flow, measured gas temperature, and gas producer speed were
obtained from a special engine test cell calibration. The engine performance data
obtained during level flight and hover testings were compared to the calibrations and
acceptance data to verify engine performance.

Airspeed Calibration

19. The boom pitot static system was calibrated by using the pace aircraft method
to determine the airspeed position error. Calibrated airspeed (Vcal) was obtained
by correcting indicated airspeed (Vi) for instrument error (AVic) and position error
(AVpc).

Vcal = Vi + AVic + AVpc (22)

20. Equivalent airspeed (knots) was used to reduce the flight test data, as it is a
direct measure of the free stream dynamic pressure (q).

Ve = Vcal -AVc (23)

Where:

AVc is the compressibility correction, q = 0.00339 Ve 2

21. True airspeed (Vt) was calculated from the equivalent airspeed and density
ratio.

Ve
Vt - (24)

Where:

a = Density ratio (-) where po is the density at sea level on a standard day.
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Weight and Balance

22. Prior to testing, the aircraft gross weight and longitudinal and lateral cg were
determined by using calibrated scales. The longitudinal cg was calculated by a sum-
mation of moments about a reference datum line (FS 0.0). The aircraft was weighed
empty in the clean configuration, which included instrumentation minus all muni-
tions and fuel. The basic aircraft weight was 13003 pounds with a longitudinal cg
location of 208.7 inches for aircraft S/N 74-22248 and 12940 pounds and
209.3 inches for aircraft S/N 74-22249.

Handling Qualities Rating Scale

23. The Handling Qualities Rating Scale (HQRS) presented in figure 4 was used to
augment pilot comments relative to handling qualities and workload.

Flight Control Rigging Check

24. A flight control rigging check was performed in accordance with procedures
outlined in 1111 Engineering Test Procedure (ETP) 7-211511000 (Main Rotor),
ETP 7-11524000 (Tail Rotor), and ETP 7-115130000 (Wing Flaps) dated July 1978.
All control checks were demonstrated within the prescribed limits except for the
following two conditions. The wing flap rigging on YAH-64 S/N 74-22249 was de-
termined to meet the requirements of the ETP with the exception that the "UP"
position was measured as being 37 degrees from the trail position, which is 5 degrees
out of tolerance. The main rotor rigging on YAH-64 on S/N 74-22249 was deter-
mined to meet the requirements of the ETP except items 15 and 16 of table 4 dif-
fered by 36 minutes which is 6 minutes out of tolerance. The blade angles and flap
position angles were measured with respect to the aircraft axis and are as presented
in tables I through 8.
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Table 1. Angle Measurements - Pilot's Collective and Cyclic Controls
YAH-64 SIN 74-22248

Blade Rig Pins Measured Leading
Azimuth Item Collective Lohgitudinal Lateral Collectve oitin Lateral Clinometer Edge
Position Cyclic Cyclic LongitudinaAnge Up or
(deg) Cyclic Angle Down

9 I In In In Rig Rig Rig 51 min Up
In Out In Rig Fwd Rig 20 deg 20 min Down

3 In Out In Rig Aft Rig 10 deg 58 min Up
4 In In In Rig Rig Rg 28 min Up
. OUt In In Up Rig Rig 10 deg 20 min Up ,
t, O! In In Down Rig ig 8 deg 55 mm Dowr
= 0In In I . Rig Rig Rig ? m in

1 270 & In In In Rig Rig Rig 38 min Lp
I Oit In Rig Fwd Rig 22 deg 38 min Up

10 In Out In Rig Aft Rig 9 deg 15 min Down
.=270 I1 In In In Rig Rig Rig 44 min Up

=0 12 In In In Rig Rig Rig 20 min Up
3 In In Out Rig Rig Left I I deg 36 min Up

14 In In Out Rig Rig Right 7 deg 22 min Down
0 15 In In In Rig Rig Rig 20 min Up

1,=80 lb In In In Rig Rig Rig 44 min Up
I In In Out Rig Rig Left 10 deg 29 min Down
18 In In Out Rig Rig Right B deg 52 min Up

v=180 19 In In In Rig Rig Rig 54 min Up

Table 2. Tail Rotor Angle Measurements

YAH-64 S/N 74-22248

Inboard Tail Rotor

Blade Pedal Blade Angle Item
Position Position (deg)

Left forward 34 deg 31 min I
Blade 4 aft

Right forward 12 deg 34 min 2

Left forward 34 deg 6 min 3
Blade 4 forward

Right forward 15 degO min 4

Left forward 34 deg 10 min 5
Blade 2 aft

Right forward 13 deg 0 mim 6

Left forward 33 deg 58 min 7
Blade 2 forward

Right forward 13 deg 25 min a
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Table 3. Tail Rotor Angle Measurements
YAH-64 SIN 74-22248

Outboard Tail Rotor

Blade Pedal Blade Angle Item
Position Position (deg)

Left forward 13 deg 5 min
Blade I aft________

Right forward 33 deg 8 min 2

Blade 1 forward Left forward 33 deg 57 min 3

Right forward 13 deg 33 min 4

Bae3atLeft forward 33 deg 28 mmi 5

Right forward 1 2 deg 50 min 6

Left forward 34 deg 0 min 7
Blade 3 forward

Right forward 13 deg 14 min 8

Table 4. Wing Flap
YAIIl-64 S/N 74-22248

Flap Angle

Flap Position From Trail Position

UP 45 deg

DOWN 20 deg
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Table 6. Tail Rotor Angle Measurements
YAH-64 S/N 74-22249

Inboard Tail Rotor

Blade Pedal Blade Angle Item
haitlon Position (deg)

Left forward 33 deg 20 min IBlade I al Right forward 13 deg 27 min 2

Left forward 33 deg 3
Blade I forward

Right forward 13 deg 32 main 4

Left forward 34 deg 26 min
Blade 2 aft

Right forward 12 deg 38 min 6

Left forward 34 deg 10 min 7Blade 2 forward

Right forward 12 deg 43 min 8

Table 7. Tail Rotor Angle MeasurementsYAH-64 S/N 74-22249

Outboard Tail Rotor

Blade Pedal Blade Angle
Poition Position (deg) Item

Left forward 34 deg 45 main IBlade I aft Right forward I I deg 58 min 2

Left forward 34 deg S7 main 3
Blade I forward

Right forward 12 deg 4

Left forward 33 deg 8 main S
Blade 2 oft

Right forward 13 deg 28 min 6

Left forward 33 deg 30 min 7
Blade 2 forward

Right forward 13 deg 14 min 8
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Table 8. Wing Flap
YAH-64 S/N 74-22249

Flap An&l
Rlap Position From Trail Position

UP 37 deg 39min

DOWN 20 des



APPENDIX E. TEST DATA

INDEX

Figure Figure Number

Hover Performance I and 2
Climb Performance 3
Level Flight Performance 4 through 10
Control System Mechanical Characteristics I11 through 18
Control Positions in Trimmed Forward

Flight 19 through 23
Collective-Fixed Static Longitudinal

Stability 24 and 25
Static Lateral Directional Stability 26
Maneuvering Stability 27 and 28
Dynamic Stability 29 through 31
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.NTROL. .ITIONS. IN TRIMED FWARDP FLHT.YAP-64 USA Sli 74-22248
AVG AVG CS AU AV M Tkim

sm Sm LOCATIONt WNSI'll Olkl ROOR -FLIGHT p
- -HT LONG LAT ALTITTu SPEED CONDITION CONDITION00s (FT) (ROM) (°)

0 14060 4%]1! (AFT) -0.5 LT Sel0 16.0 289 IRP CLII ON

a 14200 206.6 (AFT) -O.S LT 5260 1&.s 289 NIN POWER ON

NOTE: 8 HELLFIRE CONFIGURATION

g40

20 0 0

0.

0. -20

a o

10

R.

9TOTAL COLLECTIVE CONTROL TRAVEL 11.93 INCHES

TOTAL DIRECTUINAL CONTROL TRAVEL 5 1.3 INHES
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5p
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FIGURE 24
COLLECTIVE-FIXED STATIC LON6ITUDINAL STABILITY

YAH-64 USA S/N 74-22248

AVG AVG AVG AVG TRIWM......

GROSS LOCATION DENSITY AYG ROTOR FLIGHT ASE
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION -CONWITIOI

98 2 FT) .5L 0 7. 289 LVL FLT __ ON

0 0 0 0 0 0 O 0

-- NOTE: CLEAN CONFIGURATION

,..w~ 00 -

a- -c

'" II O0p Opa- -- 201

m -10

Z - TOTAL DIRECTIONAL CONTROL TRAVEL = 5.43 INCHES

o -.-. -

t- 
"  

t--

2cCcc 3 9 E0 e, 0 ~

Z 6: TOTAL LATERAL CONTROL TRAVEL = 9.60 INCHES
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i- u- 5

3
cyo 1'0 ,,O
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J 4
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10

tz 6 TOTAL LONGITUDINAL CONTROL TRAVEL 10-19 INCHES
C,

tooL- 5 v 0, ,.:, , 0 0

". I- - ,'" 4

3
30 40. 50 60 70 80 " ..
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STATItC LATERAL-DIRECTIONAL, STAIILITY

AVG AVG CG YAH-64 Ar SiN ?4jA248 Ay TR
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WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED ONDITION
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14780 206.5(AFT) -D.SLT 5 T0  97 ) P4) (C ON

OTE; CLEAN CONF IJRATI0N

10 0 0 0 0 0 0 0
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-w 0

* 10

-o 3  3 0

6 TOTAL LONGITUINAL CONTROL TRAVEL 10,194 INCHES
I-,,.

-4-- 0 2 0-I O1 0? 0.4 S

~ ~100

S 3

Cc 2

~ -10

7 TOTAL LATERAL CONTROL TRAVEL =9.60 INCHES

4

101

10

01. TOTAL DIRECTIONAL CONTROL TRAVEL -5.43 INCHES
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SIDEWRDFLI1 V-

AVG AVG CG UA SW -Z!4
-tOCAOV -

WEI 14T LON$ LAkT ALTITUDE .Q:------

* 15180 200.0(FWl): -0-5LT .140 It0t2 ~ Ar

50 I_:':42. *: I, I"
a4 F.i

TO

5TOTAL. COLLECTIVE C0KtIOL-TRAVtL-F!1.TE.. ___

ujwmr

S4

-1- TOTAL LOGTDNtCONTROt. TRAE.~9 2ICE

TQALLAERLCOT~fROL TRAEL.j :g L.42 NiE

- ~ -6

-4 -4

12 
....................

60,- .4040

* .. TRME AIRSPEED (Kt0Th)
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Am~ AVG- A4t

WEGT 1'U.!f ~ SPEED'

43. r WZ..:36 15 O
------- ccAoo II)E- I~fCEtCNFIGURMOTI -- --

2 I f)EOTES EXTREME TR~AVEL FROM TRIM
Q: U_ 0- 4W ING 'ATTEMPTED STABILIZED POINT

TDTAL tftiECTIVE- CONTROL TRAVEL -10.90 INCHES

c, 6

-TOTAL1N LATERAL -COTROTL TRVE 9.2 INCHES

5,. - - -- +.-- - . .

I-N

TOTAL DIRECTIOIIAL CONTROL TRAVEL *5.38 IWCHES

4-,-

60 40 20 20 40 60
LEFTTRUE AIRSPEED (KNOTS)RGH
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n-k 36

dF~t4 ~t1ONDATIOeN

2. Z EM9OTES EXTREME TRAVEL MROM TRIM
...... 'tRiN4G;ATTEMPTED STABILIZEDPU

T.OTA. :CMUXCTIVE CON~TROL TRAVEL =10.90 INCHES

1TL LI?#ITUDIN. -tONTRO)L -TRAVEL 9.72 INCHES

tOtAL LATERL CON~TROL TRVl M .2 INCHES

........ L.r~n NCE

___ RIGHT
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CRITICAL AZIMITH
YAH-64 USA S/N 74-22249

AG AVc CA AVG AVG AVG WHEEL TRIM

GROQS L3CATiC'N Cr5ITY OAT ROTOR HEIGHT TRUE
WEIGF" LONO LAl All T ' SODED AIRSPEED CONDITION

l' (F;' , () (.AT o1 , PMl (FT) (KTS)

14700 OO-1!WI
)
-O6

L  
.-.6T q . 9g 15 30 ON

T: .CLEAN CONFIGURATION
-i iinT-S, EXTREME TRAVEL FROM TRIM

.rIN( A"'T'%EI STABILIZED POINT

10

q n

- . -.

4

20-,

0120

luI



. ~ $iD~AgQFL IQMT

%A WiitO5 DE1GREMSHHI

- ~ ~ rE t.~ IL~ IONFGUATO

ETETRAVEL RI TOM

jT'---LLC4k*CTfVE CONThOL TRVE 11.93 INCHES

't~~t t~~tT1J~MAL CONTROL TRtAVEL= 10.11 ICtS

T__ 7 AL9_&*C ROL TRAVEL -. 6O INCHES

DIRECT.B.AL ODNTROL TRAVEL 5.43_INCHES

40 :: . 02 40 60
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I1600 -i2- TW_) --0.6 7U 26(0 13.0 28915 O

7 7 TES~ -1.4 C[EAW-W)FIUMTTO0R
-~~~T M.rOMwr EXTREMt -TRAVEL lAfotqlMr

:TOTAL jTOTMCLtL CIVE CONTROL TRAVEL 10.90 INCHES, -

.....................

_____ C nrROL TRAVEL__. 42:tdHtS
...........---------.

*a. 20c 0 2m 40~ 50
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FIGURE 41
SIOEWARD FLIGHT _ _ .....

.... .. ... YAH "]SA_ -74- 2" .
CRITTCAL AZIMUTH 250-DEGREES

-AVG AVlG --M ... AVG -AV. AVG- .
GROS'S LOCATION DENSITY OAT --RlM: HE-16ff
WEI.. T - LONG,---- .6D --.-ALTlJD- 60- (RPE) - - -; C -F-

LBW (FS)_ (BL)- (FT) 4) MM
or 52.....-.6 T 6 17.0 ....89 ... 15 ._ 0 t F _ .. .

o -'NOTES: 1. CLEAN CONFIGURATION

P- o T-- 2. _ DENOTES EXTREME TRAVEL FROM TRIM4....." -. tUtR -AEMPEU SABILiZED- POINT -

a---.w4. 2

C, TOTAL COLLECTIVE CONTROL TRAVEL - 11.93 INCHES

-- I.-F. -- -7

C ) r(x r

- TOTAL LONGITUDINAL CONTROL TRAVEL - 10.19 INCHES

-,- * , •_
C-" " Lb -

TOTAL LATERAL CONTROL TRAVEL 9.60 INCHES

r_ Cj U.. ... ...
TOAL--- . -- .--

TOTAL DIRECTIONAL CONTROL TRAVEL = 5.43 INCHES

Ouj

-" I- - ---- -- - - -- - - -

LA-- -.

40 20 0 20 40 60

LT .. RT
TRUE AIftS#4tM- T9
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* .F.. .... .. .. ..
____I~OWSPEED':FORWARD AND REARWARD FL IGHT

Y-AH-.64 USA S/N 74-22249-
WY AVG.CG~q AVG_ AVG AVG WHEEL ASE

. .ROSS L0KATION DENS -Tf OAT ROTOR HEIGH ~
WEIGHT" 1MGN. LAT ALTITUDE- SPEED CONDITION

- -F4-tt-- (FT)' ("C) (RM1) (FT)
15100 ZWO(FOI -D.6LT 120 11.5 289 15 ON

-NOTES: 1. CLEAN CONFIGURATION
2. XIDENOTES EXTREME TRAVEL FROM TRIM

UURING ATTEMPTED STABTLIZED POINT

TTAL COLLECTIYE CONTROL TRAVEL =10.90 INCHES

-21-

TOTAL LARTAL CONTROL TRAVEL 5.384 INCHES

TOTAL:LOATR AL CONTL TRAVEL 9.4 INCHESCE

--4~ --- ---

7

*,TRUE AIRSPEEDf) (NOTS)
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FIGURE
VIMBATION. CHARATtE$T$-. ----
YAH-64 USA S/N 74.-22249 ---

- - PILOT SEAT VET'CAL___

AVG CG AVG Af AVG
GROSS- LOCA-TION -DENSITY, tOM- lW
WEIGHT LONG LAT ALTITUDE -. $EDJC~ttf
(LB) (FS) (80) (FT) IY U~
14620 200.3(FWD) -O.6LT 3860 16.0 289! LYL .FLT...

NOTE: 8 HELLFIRE CON4FIGURATION

3/REV =.38.5 Hz

0
0.2 0

0.1 0 0 0 ~ 0-

C0 00 0 o 0

O,6~~ - 4/REV 19.3 Rz _____

U..4

(D2 00 G 0 0 0~

0.3 ~2/ REY 9-.. -----

AL 0.. Go . '-- _

-j

2L~ 0 Q 60 so 00 10 100 0

-- 3 -- ... 4.8.H

*...........CALIBRATED) ATRSPEE (KNO)S ---------



- .... IIIAT1It4 CHARACTEP M-ICS-i
YM--64 :USA;. 74224

* - AV- A*G. lCS AVQI VIG-

14620 200.3(FWD):-O.6LT 3860 16.0 2t . LVL FLT

NOTE: .8 HELLFIR CW~IGItATIa#

-0,20

0 -- - --------

- - 1 REV 4,8.L __ -

~12



FIGURE 47
I VIBRATION CHARACTERISTICS

--YAa- USA S/N 74-22248
PILOT SEAT LONGITUDINAL

.- -A . AVG CG AVG AVI AVG
GROSS LOCATION DENSITY OAT ROTOR FLIGHT

. . WEIGHT. LONG-. I- LAT ALTITUDE SPEED.- CONDITION
(LB) (FS) " (BL) (FT) (°C) (RPM)

.14620 --.O03(FI6) --O.6LT 3860 16.0 289 LVL FLT

NOTE: 8 HELLFIRE CONFIGURATION

0.3 8/REV 38 5 Hz

.0.2

000~~~ 0000 0 00

06 4/REV =19.3 Hz

-LJ

a.

L)

cc0 0 0 00 0C)

.- o o o o 0 o o o o o0 oo o

2/REV = 9.6 Hz

I" 0-.

.0 0 0 0 0 -0 0 0 0 0 0 0 0 000

n,,3 1/REV = 4.8 Hz

i :0 1 # f~

. - 6. 60 80 100 120 140 ISO

CALIBRATED AIRSPEED (KNOTS)
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r~ A~-
.. ..... 77 --- AATD SAT-- CQHDOAL

-16.-0 239 - LYL -FLT

L - NOTE: .8 HLLFIAE CONFIGURATION

AIREV .38.5 Hz

0b 0

----- ~------ -19.3 Hz.

~o0

a:0 Q0 Oo 0 ~ O

2/REV - 9.6 Hz

..-I/REV 4.8. lfz

- 00

.6 a oo )20 14D 160

4 :. .CALIBRATED AIWSPED (KNOTS)



A~~~~C~ : 71~ .::.. 2

COPILOT SEATA LrEft
AVG.

GROSS LOCATION:-. -- R~S1TY OT?~~~~I~~~4T~- A.l $pA ATtUD: ~~III

* o ~ ~ 0 --- --- -- - --

a.4

----------- -- -

.J - ~ ~--- ------ 0

...-........ . . ...

... ..4

o.T--- -------- ,

80 *11~ 20,

CALlBRMlE6,AIR$PEE {(tITS)
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GROSS LOCILOT SOTIT OMMIAT QO;F~
AVG AVG CG AV A Y

WE IGHT LOM LAT -ALTI-ThM-.---. -- Pf.-ODIO.
(L8) (FS) -(80) (Fr~) (-C) ( Ptg)

14620 ZOO.3(FWD) -O.6LT -3860- -166 90 I

NOTE: 8 HEIFIRE C0NF1URAT1rO

038/REV 38.5 R-2

0.2. . .

0 00 0 00 000

4/REV =19.3 Hz

-J 0.2
w: i:

0.?--

0.32/REV 9.6 Hz

0.2 -

0.3

0.2

20 4G iO 10

CALIBRATEDAfSPE KJ1S



* FIGURE
* ~ ~ -IAI C-.v~tT OM 1AATE11STICS;

>;ARCkWfT 6 -VERT-ICA
AVG .Af AW- AVG

- -1~i8~T - -t~t6~--t&T - ALTtyJOEu-- SPEWD -- Ct4-1ITION
(LgY (FS) (BL) (FT) c) (RM')-

I4~~~~Z0~~ -----) =8t- 36) - m89- - titt Ftt

N0-WTEz-..B IiELLFIRE COFIGURATtQN

8/REV 38.5 Hz

7 -0,1---

4W ---0---

2 06 -4/REV =19.3 liz

0 0

;* o~2/REV 9.6 H
0.

. 0 .1'

Z-e 0--

20 00 6~-0~ &-Q 0I 10 .10 1 0

CALIORATED AIRSPEED (KNO~TS)
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. . ... . Ivli yA .. N USA: A : 1# 4-z s-: ..

' -- 'AltfACWT M -LATERtAL

:AVG M CG-A. .AV . . . .
MsftS ---- LCAION DMNITY OAT ROTORt FL. lay

.... zT I- r ONG-- -tAT ----- -ALTI .. . SPEED- -COWff TON!-- :_'!-:' [[~liiFS '-I- -Bt. . . . (FT) (*C) (RPM )

-L T -. .. ,.-386D 16.0 ---289 LV fLT

NOTE: 8 HELLFIRE O1NFIGURATION

...-- - .. 8REV 38.5 Hz

e 0
00 GO G 0 0 00 00

. .. -- "4/M -V= 19.3 Hz

0
0

I,-,

- . . . . . .REV 9.6 HZ

.... -. .- G G 0 0 0 0 0 0 00

./REV 4.8 Hz

... - ..... 1- ....... -- O - 0 0 0~ 0 0 0

.... 20 40. 60 80 100 120 140 160

CALIBRATED AIRSPEED (KNOTS)
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AIRCRAFT CG L14&ITUINAL
AVG -- AYt- -- g- A V

GROSS LOCATtON: DENSITY- OAT: ROTOR' FL IGHT
WEIGHT LONG-. -LAJ ---------- -SPEW-- CODI----

14620 200.3(W4 -0 AiLT--61 -

&0T:_8 RELLFIRE[ CtFIGIMMRA------

0._3 &/REV.3SHz -

0.2

o 00 00. 0- a

co 2/ REV =96 H.0.3.3H

00 0 0 00 0- 0. 00a=-G

03 2iREV 4.86Hz_

0.2 -----

0.36



YAH-64 IM -Sit: -74-22249
p I Lot StAlt Y ICAL

GROSS LQCATIGKN _:. DENSITY:: _ OAT " OTW FLIGHT
WE IGHT LgG~A LIUESPEWV-1 CONDITION4

(LB) (FS) MBL Ir ( -T

14940 199.4FWY) -t 5 TZ

NOTE . KIELL FIRE -CONFIGURATION

0.3

0.?1 0 0

01 0 00 O

D. FY4/P.EV Ml 3Hz.

0.24--- ---

0. 0 0 0 0

LJ 00 0 00

0 0 0 0Oct0

I: /JREV 4. 9.6z

0.2

00 00 00 0000 o 000 00

20 40 60 80 10Q 120 140

CALIftATED AIRSPEE1 CW~TS)
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____- 7~FIGUREA7-
____ - - V1~fT1MN -CHARACTERISTICS.

EltA646S-S/44422249
PILOT: stAT LwqbITUDIAL

--- M -- 7c - -A"~- -
fROsS 1- 0CTI0NW DENSITY OAT ROTOR FLIGHT

--- EGT----- -- LOW- L .- ALT1ITUD~E SPEED- CONDITIOft
(L) FS1 (BL), (FT) (*C) (RPM)

149O~-- 994{&-O6LT 260 15,-0 -29 LVL FL.T

__NOitE: 8 HELLFIRE CONFIGURATION

0-3--8/REV 38.5 Hz

- 4----------

~~0 0 Ov 0 0 o0 00

0.6 -4/REV I9. Jz

(9.3

O.. 0

0cD~ 0 0 0 00

2/REV 9.6Hz 0

* ----- 6 80 . w0 120 140 160

....... :CALI9RATED AIRSPEED (KNOTS)
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* vIRomfloN CHARACtt~Sics
Y-64- -USA -SfU7420-I
COPILOT SEAT VERTICAL

AVG- MV------ AG AG tT T
GROSS LOCATION 0EI4SITY GAT ROTOR -CONDITION
WEUGHT LONG -- AjT -A1PD PED

NOTE: 8 HELLFIRE CONFIGUJRATION

0.3 8/REV * 38.5 Hz
0.3~

0
0 ~ 0 --0 -o0-

0.6 4/REV - 19.3 Hz

- 0.4

Li

0.2

oo0 ob 0 00

0. 2/REV 9..6-.Kz..

Lu

--- -------

040

20 40 O 80 0 G l0o :1 4 :6

-14



-TAw -54 USA- Slit M n -- ---

An' AG - - AV AVG - GFGHT- ----

GROSS L=~Tl1Of- "MRSITY 'OAT ROTOR CONIDITION'
WEIGHT LtM. L7A1.- PtTTODE ------ SPEM

14940 M.(W)~.L 56 S7 8 ~ FLT

NOTE: .-8 HEL.LFIRE- CONFIGURATION

0
8/REV 38.5 Hz 0

0

- 0

00
0 0 0 cP

4/kE.V-.l 9-3 Hz

Q o Oo O0 0 0

2/REV-= .9.6 Hz-

0 00 0 0 O-000 0 00 o0- -......

031/REV. 4.8. Hl
0.2

0.2

o 0 p a 04I G a o 0
40 6o80 1 1O 7 140. Igo

CALItkATLD AffSPEM (KNOTS).;
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FIGURE 59
VIBRATION CHARACTERISTICS
YA-64 USA- S/N 74-22Z49

COPILOT SEAT LONGITUDINAL

AVG AVG CG AVG AVG AVG -
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED CONDITION
(LB) (FS) (BL) (FT) (-) (RPM)

14940 199.4 (FWD) -0.6LT 2560 15.0 289 LVL FLT

NOTE: 8 HELLFIRE CONFIGURATION

0.3 8/REV = 38.5 Hz

0.2

0 CO 0
o) 0c 0 00 010

0 O

0.6 4/REV 19.3 Hz
0.6.

-j 0.4uJ

0.2
,, 0 0

0000 000o 000 00

2/REV = 9.6 Hz
0.3

I--

z-0.1

• Q 0 0 0 0 0 O--0 0 0 0 0 oO

I/REV =.4.8 Hz

* 0.2-

. . .. 0.1

20 40 60 80 100 120 40 160

CALIBRATED AIRSPEED (KNOTS)
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*, .... - . . .. . . . . . .. . . ..i l. - .:FIGURE 6

'VIBRATION CHARACTERISTICS
YAH-64' IA SMN 74-22249

7 .. .AIRCRAFT CG VERTICAL

VG AVCG . . AVG A ...
,:--tOSS LOCATION DENSITY OAT ROTOR FLIGHT

"...- .t.M- LAT - ALT-ITUOE SPEED - -CONMITION
S(LB)- (FS) (B) (FT) (C) (RPM)

-4940 -... t4FI)- -. 6LT 56O 1-5.0 29 -tYt FLT

NOTE: 8 HELLFIRE CONFIGURATION

- 8/REV 38.5 Hz

Q Oo
00:0 00: .... .0

Z - 4/REV = 19.3 Hz

0
0~ 0

0 o o 0 00

- -:------- ............ ...

-.. 2/REV 9.6 Hz

-

. . .... 0 ..... . 0 0 0

I ~ -I/REV =4.8HMz

4..__ 6Q 80 100 120 140 1

. _ . . . .

~: CALISRATEO AIRSPEED (KNOTS)

143



* viwrAToN: CIIRaCTERISICS

ATRAFT; CG LATER~AL
VGCGm7m AVG!: VG AG

CRSSLOATIOt( OMINS17 OAT ROMO
WEI8HT -L(M4 UtA -~ Auriw SO4EEDC*if Ir-

S(LB) (FSj (BL) (FT.) (&C) (RMi)

t4940V -t9.4tfVD) ~1~~ ~i-.- -289 -i LIt

NODTE:-- 8.- ILLFIRE !C(IFI6UPATION

* 3-8/REV = 38.5 H z

0.2

0 0.110.3
cc 0o

0.6< - - 4/REV------Hz---

0.-1
Ooa in0 G

20. 40 60 ::a Ig n

CA tOAl.fQ:(*I'

~ -0..2 ----- ~ --- - -144-



VIBRATION CHARACTERISTICS
YAH-64 USA S/N 74-22249
tAfRCRAFT *CG! LOMfIJ&NAL

AVC AVG CG AVG- AVG AVG
GROSS LOCATION DENSITY OAT ROTOR FLIW.HT7
WEIGHT LONG LAT ALTITUDE SPEED -CONDI-TION--.
(LB) (FS) (BL) (FT) (°C) (RPM)

14940 199.4(FWD) -0.6LT 2560 15.0 289 tV+- -LT

NOTE: 8 HELLFIRE CONFIGURATION

0.3 8/REV - 38.5 Hz

0.3 00.2 0
0 00 0 0 Q000. ...

0.1

c .4/REV 19.3 Hz-- 0.6
c-

0.4
-J

0.2

- 0 0 0 0 (a 00 0 0 co-< 0

03 2/REV 9.6 Hz ------
LAJ

0.2

0.1

0 0 0 0 0 8 0 0 00 Qo - -

.3I/REV - 4.8 Hz0.3... .

ZO 40 0 80- 100 IO 140 . 160

CALIBRATED AIRSPEED (KNOTS)
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A ISTC~
V~i9 ~E~ T AOTOq CONWDITION

414 TT I-UE L

-45-,) 1C 28 RP1* 'L m
FT"~I ~~16,5' 289 MIN POWER

'4v

L~~.- -IA I~ AEV.-i 38.5 Hz

4.4.

77 ..... .

... ... . .

..... ....

........ ~ ...



BRAT ON C AY1TICS _

.4- V(~~VG ~d LIGHT
tJ I tN1TV 60T 00TOR C~tO[TION

f C T( (*0
4u-6 -M--16., 289 IRP CLIMB

S5260 6. 289 MrN POWER

- I - 4@E;ILEAN CONFIGURATIONJ

A/OEY 38.5 Hz

0 0

4IREVw 19.3 Hz

0

*i .*3IVIREV 9,!6 Hz

4 ,4 .... ..

-i

14-



FIURE -06
VIBRAtION CHRACTERISTICS
YAK -64 -USA UJN 74-ZZ22481
PILOT SEAT tONGI:TuoINAL:

SYM AVG W' jAVG ..... HUiT
GROSS LOCATION OENSrTY OAT ROTQR f 0NItION
WEIGHT LOWG LAT ALTiITVOUMf

O 14060 206.-6(AFT) -0-.5LT 5880 :16.-0 .289 tRp COMI~B
O 14200 206.6(AFT) -O.5LT $260 16.5 2$9 MIN POWJER

NOTE: CLEAN CONFIGURATION

0.38/REV -38.5 Hz

0.2

0
0. 1

-0 o

0.6 4/REV 19.3 Hz

0.4

0.2 0

00

0.3 .IREV 9.6 Hz

0.2

0.1

00

0.3]/REV 4.8 Hz

0.2

.0.1

0 c
20 40 60 80 100 120 140 160

CALIBRATED AIRSPEED (KNOTS)

1 4S



~SYM -- u t
GROSS WCTQ ~ ~ ZT 5OT WNIi

140T - . -T ... u l"i OO - -

0O 14060 '106- t o -05T -laa -$84 -I6 8g ! cWt

* 0 142(M0 idi.AF :.}45240 16.5. 289 ?fif4P WER~

NOQTE' 'I CLEAO4 CONFIGJ*ATIO4

0.3.. .. V/fEM _ 38-5 Hz'

0,?

0.1

0

W 0.3

0.2 ....

.................. ......... ... . . .

CX3

0.2

0 , .. .. .. ..

0 .1 . .... ......

Al

20: so O b 1 60 1 Zo 140 160

:CAI*AATEb AI!0St'EM (KNOTS)



I IGURE 6

U PILOT SEAT LATERAL
AVG AM~ At FLIGHT

IN o mr:tEST OAT ROTOR COND[TION

7F)(FT) (C) (RPM)
?96~ -01~(AFT 0.1. 5880 . 6.0 ?89 IRE' CLIMB

_ t3 1420~ 2O6.6(AFT) -O.KTr 5260 16.5 289 MIN POWER
OdTE 4LVMAN IIGtRATI0N

8/REV 38 z

1 fJ 0

0.1 0

0 0

0.6 4/1REV 1.3 Hz

Lu

4.1

0f 00 a) 0
1/REV 4.8 Hz

0.3

0.21

0 n 0 0
20 4b 60 80 100 120 140 160

CALIBRA-ED AIRSPEFD (KNOTS)



ttI4RACTERICSc

........ AITU) t4AL

W Ai. ''AVGl :'-A AVG7 FLIGHIT
<R~1 VbEtMITY' OAT ROTOR: CONDITION

~4~-- 4i +- -IA?--4-AITUKl 8PEFI34
4- F .b~L( FT) ('C) (RPM)

t ,-4 ;54.To W88 16.0 289 IRP CLIMB
0 6(4 ~ ( 4~ L 260 16.5 289 A4IN fOWER

4 MOE~ I.~A~iCONFIG(AATI%,

8/REV 38.5 Hz

oao

4/REV 19.3 H-z

LI ~ 0

.1 .. ...... 9.6 H z

. ........ --- .

, /EV 4.8 Hz

2 O 0 100) 120 140.

.. ... . .... CALIBATEl AIRSPEED (KNOTS)
A7- -----



TI RAYIN t$HARACT*R1-~l"-SI-

M-!RCWAT77~~rA v
SYM- -AVG AV AVC AVG FLIGHT -

GROSS ';~l~~ ENtY OAT ROTO CONDITION
-WEW -~- - ----- tM -~AtlUE ~ ~ r

~ 44~i A~t5tIT580 6 28-IRP CLIMB
0 14200- 206.6(-AFT)--' -0513 -6260: 16.5 289 MIN POWER

NOTE: :CLEAN CONFIGURATION

0.3 ----- IREV =-38.5 Hz..-

06 *.. - 4/REV 19.3 Hl

0-.

0--

0.2 ----

0.3 - ~ -

01 1

0152



VIBRATIL N cqIAACRISTICSYA8-64 USA S/N 7442o,8
AIRCAAFT CG LATERAL

SYM AVG AVG ANG AVG AVG FLIGHT
GROSS LOCATION -DESITY' :OAT ROTOR CONDITION
WEIGHT -LOtG ....tAT ....... SPEED
(LB) (FS) (BL) (FT) (C) RPM)

0 14060 2O6.(-AFT) -O5tT - 5880 -6.1) 2 " IR- - CLIMB
0 14200 206.6(AFT) -0.SLT S260 16.5 289 IN POWER

NOTE: -CLEAN CNIGUN ON...

0.3 8/REV 38.5 Hz

0.2

0.1 _. O

00

0.6 4/REV 19.3-Hz
I-

LU
-J

El00
0

0.3 2/RE 9.6 Ri

cn 0.2
F-

"_, 0.1 - .

) - . 1/REV ± 4.8 Hzw0 .3.. ... .

0.2

O .1.. . . . .. .: . .

U

20 40 60 80 100 120 140 160

CALIBRATED AIRSPEED (KNOTS)
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F IGIJ E 7 1
VIBRATION CHARACTEISTICS

-- -- ------ YA4-l t?$A IMf 74-M48

- A&AVG AVG AVG FL1GRT
-- ----- LOCATION4 DENS ITY OAT ROTOR CONDITION
- .WEGFT LONG_- LAI, ALTITUDE SED

(LB~.) ViS) {B)(FT) ('C) (RPM)

~0 100- Zo6Ar~ -0.SLT 5880 15 0 289 IRP CLIMB
ol 14Z00 Z06.6(AFT)t -0.5LT 5260 16.5 289 MIN POWER

* NOE:- CLEAN CONFIGURATION

-8/REV 39.5 Hz

- 4REV 19.3 Hz

Lu

-40

-- /REV =4.8 HZ

2.0 40 60 80 lo0 1201410

CALIBRATED AIRSPEED (KNOTS)

154



qjBATIGL CHARACTERISTICS
-- ----------- YAK-f64 USA SIN 74-22249

PILOT SEAT VERTICAL

--- -- C AVG AVG A
AROS L CON DENSfY OA- ROTOR FLIGHT

GEIOST LONG LAT ALTITUE SPEED CONDITION

Wt-t ' (LB (ES) *(Bi.. (F ) (0C) (RPM) ' R

(LB)8 0 8 MO. W) .5T 140 11 .0 29 Si EWAR

HOE: . CLEAN CONFIG,;-!K -,)N4

2. WHEEL HEIGHT = 5 FEET

j -0-00- 0) 0

0o 0 0 0 0 00

4/REV =19,3 Hz

-j

000 0.2

0

- -i- --~O -.
2/REV 9.6 Hz

I /REV 4. 8 Hz

0z0

LEFT T1 A RSPEID (KNOTS)



FIGURE 7.3
VIBRATION. CHARACTERIS-T1(4 - ---
YAH-64 USA S/N 74-22249

PILOT SEAT LATERAL

AYG -. Y CG AVG -AVG AV
GROSS LOCATION DENSITY d-'AT' ROOIFI
WEIGHT LONG LAT ALTITUDE SPEED CONDITION

(LB) ~~(FT) - --- N --) fRM -.-.. ..
15180 2 O ~ 0 5 L T 140 . ITJ 289 SIDEWARD

NOTES: 1. CLEMAK CONFTIGIRATION
2. WH4EEL HEIGHT =15 FEET

0.3 8/REV 38.5 Hz

0.2 0

0.1 0 0 00 0000 0 0 0-
0 -00

0.6 4/REV =19.3 Hz:

0.4 0

LJ 0
0 0~

0 -

0.2/REV 9. 6 Hz

0.1

0 ~e0-o0000000000

-0,2RE .... 4... ..

O~~~2 -- - ------ -- - - - -

-. --- --- -
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VIBRAT ION CKARACTERIMTCS
YAtt-64-1)SA StK 74;.22N49
PILOT SEAT LONGITUDINAL

-AVG AVG CG AVG AVG AVG
GROSS LOCATION DENSITY OA7 ROTOR FI.Ii$$T
WEIGHT LONG LAT ALTITUDE SPEED COWTIOR -(LB) (FS) (BL) (FT) (00 (RPM)
15180 200.0(FWD) -O.5LT 140 11.0 289 SWEWAMR9

NOTES: 1. CLEAN CONFIGURATION

2. WHEEL HEIGHT = 15 FEET

0.3 8/REV =38.5 Hz

0.2

0.1

0 0 0 o000 0000000000

4/REV.= 19.3 HzS 0.6

0.-

-L 0 .2 0

>_ 0
0 0 0 0 0 00----

~ .32/REV 9.6 Hz
S 0.3

ui 0.2 I
0 O0000000c~000O

0.31/REV =4.8 Hz
0.2

60 40 M (Y 4 a
LEFT RIGHTLEFTTRUE AIRSnftO (KNOTS)



4 fai&tE75
VIBRATION~ CH WACTERISTICS
YAii-4 USA* SIN 74-22M49

COPMtAT SEAT VERTICAL
AVG M AVG AVG AVSG -FLGHT

GOsS LOCATION DENSMT OAT ROTOR CONDITION
WE tGlT LONG LAT ALTITUDE 7SPEMD
(LB) (FS) (01) (FT) (C) (RPM)

iTs1so ZM.O(FWD) -0O.5LT- 140 *11.0 289 'SIDEWARD

-NOTES: T. CLEAN CONFIGURATION
2. WHIEEL HEIGHT 15 FEET

0438/REV -38.5 Hz

-0 0.20

0 00 0

0, 4 /REV. =-19.3 Hz

E ~ OO 00 0

-3-- ---- .2IREV , 9,6 Hz

__ - (ThR 4.8 Hz

- -- ------ -- -

.. ; x0 - 20: '41D0
J4~T RiGHT

Ti-JJE MRISff0 (KNOTS)
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FIGURt 761

Wt*tT SEAT LATERAL

trROS§ LOCATION DENSITY OAT 'ROTOR CONDITION
-~I~G{T -LNG-. LAT -- ALTITU SPEED

(LB) .FS). (8. (FT) (*c) (RPM)

-~S8O .O~WD~O.LT 4O 11.0-: 289- SIDEWARD

NOTES: 1. CLEAN CONFIGURATION.
*2. WHEEL HEIGHT =15 FEET

-+38/REV 38.5 Hz

00

00000~ 000 0~

-. s- 4REV 19.3 Hz

- 0.4

0. -000o o-o-o 0.

2/REV -9.6 Hz

-. 1/REV . 4.8:HZ

6040 . O 0o o o 40 60
___ RIGHT

159



FIGU9RE I
VIBRATION CHARACTERISTICS
YAtt-64 'USA Sit$ 77-2224-
COPILOT SEAT1LONITUDINAL

AV6 AVG0%AG AV V
GROSS LOCATION DENSITY OAT :ROTOR FLJGMT:
WEIGHT LONG - L~rT ALTITM :.-- SPEED~ COMI-TIMf-.~-

15180 ZOO.O(FWD') -O.5LT 140-- - 11-.- N89- - SIlEAR&--

NOTES: 1. CLEAM.-CONFIGURATION
2. WHEEL HEIGHT =15 FEET

0.38/REV =38.5-Hz

0.2

0.1

S4/REV =19.3 Hz ------

S 0.4

0.2

~~ 0.

O_ 0.000000000000000

~ 03 /REV -9.6 Hz
0.3

1/ E .8 M -- - ---

(a A0 Q A. Q 0 In 00

0 a
80 i4o '..20 0 .:0 "40

- L~TTRUE AMRP9E9 -(KNOTS-)

160



.. . . ... I] ... 1

*itutlr cM~ftcttstict

AtRCR#T CG VERT ICAL

AVG AVGCG AVG AVG AVG
GROSS LOCATION DENSITY OAT IROTORi FLII4T '.
WEIGHT tONG tAT- . AttI1'ti .- S :--- '-- ...I O

(LB) (FS) (BL) (FT) (*C-) (RPM)

15180 200.0(fW -'-0.5LT " 140 11.0 -7W .. DEWAR

NOTES.: .I. CLEAN CONFIGURATION
2. WHEEL HEIGHT - 15 FEET

0.3 8/REV = 38.5 Hz

0.2 .

0
0.1- 0.0 00 0.... O0

oO 0 o 00o

0.6- 4/EV 19.3 Hz

0.4

0.2.
0. 0

000 000000 .0o6 0
0 - ---- - -

0 2(REV 9.6 HZ

0.23
LL 0 . .. ... ... .. . . .. .. . ..... .

I-

-J_j 01

Wo I/REV a 4.8-HZ-0 .3 _ . I. . .. . . ... . . ..

0.2

0.1

40 20 0 20 t 40 60

LEFT't*. ?t -A I RSfPED - lorS) IUGQiT.

161
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FIGURE f9
* ... VIBRATION CHARACTERISTICS

-YAR--- USA i/ft 74-22Z49
AIRCRAFT CG LATERAL

AV A&GAVG AlVG AlIG
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
..E.. T .. .. .LO G LAT ALTITUDE SPEED CON ITION
.(LB) (FS) (BL) (FT) (°C) (RPM)

------ -------- ) -;O.SLT- 140 11.0 - 289 -SIDEWARD

NOTES: 1. CLEAN CONFIGURATION
2. WHEEL HEIGHT 15 FEET

0.3 8/REV = 38.5 Hz

. 0.2

4.-

0000000000000000 o0

" .- 4/REV = 19.3 Hz

00- 0.0
ac, 0
S0 0 0 0

>" 0 o0 0
0

0.3 2/REV 9.6 Hz

0.3

-- -0.-
z -

:- _, ..... 0-000 ~ o000 ' e O00 0 0Q
-.j

0-A- 1/REV 4.8 Hz

: 60 40 20 0 20 40 60
- _LEFT TRUE AIRSPEED (-KNOTS) RIGHT'
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AG -LR - A AVGVTAVG
SROS~-. L~AT1O F SITY: OAT 90TOR riw
~d~~i- LO~-+--jA----AtfITUDE CPE-e#OtTI1t-

-( j. .(14*(FT) (-) RPM')
O~tfr~i~'1-40---- ft. --S8 MEWARD

OTES: 1. CLEAN CONFIGURATION
27-WEL HEMGT 15 FME

*.. . . -~8/REV 38.5 Hz

-- - ~4/REV =19.3 H~z- ---- - - - -

... .... . . . . . . . . - - -- * . *

ILA-

rREY 9:.S6!rr (KGT)RI

----- 06-4 . -04--4-0-00 a6603



7=Tr~
.. ....: :

(La) (v -(Ot): ONr { -7 t)

* ~ ~~ CLE~ .~EM- COW-IGUMMr1IL:
2. WHEEL HEIGHT IS FEET.:

0 .3Z ---- -/ t ------- ---

00

000

0.2
00 0

*o:~ ..... 2/EV-----$ .

uj_ 00000000 00GO00GO -o .

00
50 0 2' 0 20 -40

REARWARD 'TRUE AIRSPUtD (KNMTI -- - FMO
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....... 1O t ... R .... .......

* A USA it 4"249t:.l

-- - -- - -- I _ _ .
AY AG AMG i~-

-4wOV- tO~AMON- -- -#$T-

15100 ~O~(W)O6T 120 11.5 284 Low~ SPEED

NOTES, A., CLEM;t COWIGURPION -----
2. WHEEL: HEWHY.- 115 FEET

02 C) 0 ~_

0 00

0 J

C y1 -- -- --- - 40 a

. . . . . ...

I--G

Q. ~O ~ p 0p00 -

ft . 40T 0 20, 40

REARWARD - TRUE AIRSPEED ~T)FR



____ - IMRA IM CHARACTERISTICS
TA~4USA: S/N 74;-22249

PMOT SEAT LOt4GITUIfAL
~AW~ AV~CGAVG AVM V

OO LOCATION DENSITY OAT ROTOR FLIGHT
WEI-H'F LON LAT ALTI-hUE(IC SPEED COflDI I ION

(S (B)(FT) 00 (RPM)

ISMO- 170Orn) O.t 11 .5 -289 LOW SPELD

NOTES: 1. CLEAN. CONFIGURATION
2. WHEEL HEIGHT 15 FEET

8/REV 38.5 Hz

4/REV 19.3 Hz

00 0007J00 0000
2/REV 9.6 Hz

A-2~

0~k O OOOOO OO OOO

60 40 20 0 2 4060
REARWARD TRUE AIRSPEED (KNOTS) OAR
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.... 7T.l. FIGQR( I

I ~Y*~#TJSA:tt 4-22249 -

*-d~EL~r SEAT VERT-ICAL
!:A~ A CG -VG- AVG-- AVIG - *

TtOCATIOW4 DENSITY OAT ROTOR .FLIGHT

Am.C ------- ALTITUDE SPEED. COITION
~LV.f~,i. -- 41)(FT) (9C) (R^M)

10m 11.5 89 LOW SPEED

........... 2. WHEEL HEIGHT 15 FEET

____~ - /E 38.5 Hz

----------
0

__ - ~0

0~ %o0 0oO~

4/lREV 1.9.3 Hz

1-l

~ O~00000o0 0

. .- _ _I/REV =4.8 Hz

00 0O00- ooo~boOoo

17 -- R-JDTRUE AIRSPEED (KNOTS) OJD

167



FIGURE - _______

VIBRATION CHARATEAISTICS,

- COPILOT SEAT'LATERAt
AVG AVG CG - AVq AVG AVG

GROSS LOCATION DENSITY OAT ROTOR FLIGiHT.
WEIGHT 'LM t.AT --- ALTITUDE- SPEED -CO?4DITTW-

(LB (FS) (BL) (FT) (OC) (RPM)
15100 ZOO.U(MFW----- .6T 6-- ----- 11.5 LOW - ff

NOTES: 1. CLEAN CONFIGURATION
2. WHEEL HEIGHT =15 FEET

0.3 8/REV -38. 5 Hz

0.2

00

0.6 4/REV. 19.3.Hz,-

0.4

C-7
0.2

0 00-00 0 0 0 .0 0,
0

032/REV -9.6 Hz

03 /REV 4.8 Hz.

0.;2

60 40 20O 0 20 40 60
REARWARD TRUE AIRSPEED (KNOTS) FORWARD
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COPILOT SEAT tONGITUDINAL
AVG 'AVGCG: -AVG! AV AVG6

GROSS, LOCATIONI DENSITY OAT ROTOR fLJH
WE I9HT -tONG- - LAT ALTITUDE EO CNDiN-

(LB) (FS) (BL) (FT1- MY (RPMt')

NOTES: 1. CLEAR$ CONFIGURATION
2. WHEEL HEIGHT =15 FEET

038?REV =38.5 Hz

0.3

0.2------

00 Oo0 O~oe -0

03 /REV 19.3Hz

0. - - -- --- ~- --- ---

0.1

0~ ~ OG~~QOO000 -

- 1/REV 4.8Hz
0.3

0.2

0.

60 40 20 0 20 40 6
REARWARD TRUE AIRSPEED-(JIMS) QAR

169



VINBATIONCMARACTEAISTICS .-

...AIRCRAFT MC VVeICAL
JIM .,AVG<~

F ROS LOCATION DENSIT: OAT RPTQ - ftUTHT:
[---H- -tItO ---tAT- - ALTITUD 5PEED-lCMtDTION

(LB) (FS) (8Lt) (FT) (c) (Rpm)

*NOTE S: A., CEAN CONFIGURATION-
2. WHEEL HEIGHT 15 FEET

* ~8/REV -38.5 Hz

0 0

~ . 4/REV 19.3. Hz

00 ~

_2/REV 9.16Hz

1/REV =4.8 Hz

260 0 26 40 66
.REARWARD - K-T ~ ~ R
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-. . . > 1MR~M: fHARMTER1ST1CS

-AiRCRAFT CG LATERAL
AVG W. CG - AYL AVG~ AVG

'OS TOA1l't_ DENSITY- OAT ROTrOR FIQ

11100f 200 FUDY1 V.'-6L T 17 -- --- 11.5 ------- EE

2. WHEEL, HEIGHT 15i FEET

94_ 8/REV= 38.5 Hz

~_10- 0-

- -O, 4/tEV 19.3 Hz

I-e

000
.44 00 C0

_~~~~ _o2f~V9.H

* -- -- -4 ----- - - --- --- ------

EX 4.4 Kz+l

e; L7h- -- - . ...

Fa Q

..... ... ... -0 02 1

171



.. .. .. .. . ... .. .

....................

:AVG.. .. ..

-- 4

IL -1 .......
rTES T~ C44*GU AT K 4_ _ _ __ _ _

I, WHE~ .E~f- ..J5f

-0-A- ------------ __ - --- ------_ _ _ __ _

t~ a

-8- ~ 0 b
. . 4/tEV = 19.1-413)_

IC.i

~.. .. ..... 1

172]



* 7-77-7--1 7.

-Tw-UTSA 4Wk U48~

SR - AVG -- -- i -- vs :.
GROSS tLOCATIMt$ DENS UYT IDT RVM:. tCOPTTN W.~5A

o -139 20" ff O;6t - 5M8~&~9- - AAT-~N--~J

o 14120 2O&.6&*T) -0.6 LT 5160 -14r5 - 89-. LT TI- 14

NOTE: CLEAR cONrFrGRAt0N

8/REV_ 38.5 Hz __ _

0:
G.2

-0.4 -- -

00

Z 4JR~~EV * 9.3: HZ_ _ .. :..

. 0. -. 0. .

2/REV 4.68 Hz

1D-3

0.2-.--- -

------- - -----

...........

CG iftO ACti -------------::: >:~
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L~VT) .: . n)~

W~~~~!CUT~~~- -------- - -~* - -- - MA P E

- --- ---- . 3 . 5 H , - - - - - . - -

~ .. ~ - 4/REV IM9. Hz

-7 ------.

--- -- -- -- -- --. -------0

w a.o~ A 2/RV9.

t~.4 .4 Lti 2;- 0

'....... ./E ~ ~ . ..... ..
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-- --_-------- T LD &T U~nAL
:AV~i AVG AGAG TIH

C~STLCAtO -EST A O0 ~DTO CALIBRATED

- ---- (S)~fL (FT) (C) WftM)(K TS
~ -. 5-8------89 - RVTURW 134

fld42 0 T --- 5160 14.5 m8 LT TUR# 134

- I4GTE! CLEAt CO1ISURAT1ON

RI
W .4

___VREV 19.3Hz

-AJ

2E*:9.6 Hz

--- ~ ~----- ---~- - ------_-

1,4>: 11 .0.

K.......~..................c*~A.A~LRTO4g

175



- FIGURE 93
VIBRATION CHARACTERISTICS
YAJi-64 USA S[N 74-22248

COPILOT SEAT VERTICAL

-- .. AV- AVG CG AVG - AVG AVG FtJVT -
GROSS LOCATION DENSITY OAT ROTOR CONDITION CALIBRATED
WEIGHT LONG LAT .ALTITUDE - SPEED ...... -
(LB) (FS) (BL) (FT) (-C) (RPM) (IM)

.0 13920 2136.7-AfFT) --0.6 LT 5180 14.5 289 RT TUR -- 1-34.
C 14120 206.6(AFTI -0.5 LT 5160 14.5 289 LT TURN 134

NOTE CLEAN CONFIGURATION

.3 i 8/REV 38.5 Hz

0.2

0.1 0
a)00O 0 o 0

4/REV 19.3 Hz

0.4
.,.2

0.2
>-0 1:0 0

0 0

0.32/REV 9.6 Hz
L0.3

0.2

0.1

30 0

.3 I/REV 4.8 Hz

0.2

0.1 0 0

.... (boo 0

1.0 1.2 1.4 1.6 1.8 2.0 2.2

CG NORMAL ACCELFRATrON (g)

l ;v



COP ILOT SEAT L#~ERAI
SYM -AVG AlVG7 _CGAV7-A7 AV tI

GROSS LOCATION -DENSITY OAT ROTOR CONIU~TMCALIMATEI)
WEIGHT LOW - L~vT A--TU- --

(LB) (FS) (B8) (FT) (90t (km~). (MNts)
o 1392 2O6-.7(Ar j7 "0.6 tT- 518-0- 140-5 -289 - - RT TURK --- ' -134-
o 14120 206 .6(AFT.)} -0. 5 LT 5160 145 289 LT TURN- 134

NOTE: CLEAN CONFIGURATION

8/EV 38.5 Hz .0
0.3

0.2 0

-0.1 0 0

.64/REM. 19.3 Hz

0.4
Lii

0.2 0

o> 0-

0.32/REV =9.6 Az

Lii

.0.2

0.1 .. ..

-j /REV 4.8 Hz
0.3

0.2-----

0.17

1.0 1.2 1.4 T.6 1.8 7.0 2:

CG NYORMAL ACCELERATION (g)
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--- - -FIGURE 9
VIBRATION CHARACTERISTICS
YAR-64 USA S/N 74-22248
COPILOT SEAT LONGrTUDINAL

Sy"4 AVG AVG CG AVG AVG AVG FLIGHT
GROSS LOCATION DENSITY OAT ROTOR CONDITION CALIBRATED

- ETGHT LONG LAT ALTITUDE SPEED AIRSPEED
(1B) (FS) (BL) (FT) (OC) (RPM) (KNOTS)

7--a- 92 206.7('AFT.)- -0.6 LT 5180 14.5 289 RT TURN 134
a 14120 2O6.6(AFT.) -0.5 LT 5160 14. ?q0 LT TURN 134

NOTE: CLEAN CONFIGUR A7I!

8/REV 39.5
0.3

0.20

0.1 P o 0

064/REV =19.3 Hz

0-2

0 [bo 0~O C) 0 o6I9

03 2/REV =9.6 Hz

0.2

0.2

A0.1 00 0

1.0 1.2 1.4 1. 2 2.0 2.2

CG NORMAL ACCELrRAT!C^ (qc)



*~~~ ~~ .GM -- . FGI '96.

- AiICMT C#YN1CAL

"YAV -cV ----- PLIMK RSILO TION DEWSITY OAT ROTOR' -CONYITION'CALIBRATED
~-T~iEQN~ tWQ tA- -ALAIRSPEEDEE

(L&R: (FI~ (B8:) (PTJ (Ct) (RPM):. (KNOTS)
-0I 926 -vu tf INhQt -T 5180 14.5 28M -RTTURRt 134

Cl 14126 W,1-. LT 5160 14.5 289 LT TURN 134
___-;NOTE:- CLEAN CONFIGURATION

- - /REV -38.5 Hz

00
- 0 0

---0-A- 0

L* 4/REV =19.3 Hz

0,0

ol 2/REV 9. 6Hz

a0..0

I/REV -=4.8 Hz

LI 0

.1

1.o 1.2 1.4 1.6 1.8 2.0 2.2

* . CG WAL WCELERATIOI$ (g)

179



FIGURE -97
VIBRATfON CHARACTERISTICS
TAH-64 USA S/N 74-22248

AIRCRAFT CG LATERAL :-:7

.s .. AVG AVG CG AVG ' -AV AVG
GROSS LOCATION DENSITY OAT ROTOR CONIMTAON "

WutfT LONG LAT ALTITUDE SPEED: ..

(LB) (FS) (BL) (FT) (9C) (RPM)

0 13920 706.T(iT -0.6 LT 5180 14.5 289 RT TUR -  -t -

0 14120 ?06.6(AF.T) -0.5 LT 5160 14.5 289 LT TURN 134..

NOTE: CLEAN CONFIGURATION

8/RE7V - 3S r Pz

0 0 0

-~4/REV -934

0.

00

of

-o 0.6

0.2
-Jt

0 0

::)OD 0 10 0 0o
o OJ

I /DE 4.8 Hz
0.3

0..

-- 0.1

m on n- n

1.0 1.2 1 .4 8 6 1.8 20 z

CC NORMAL A-' Fl !-Pr T ON ()



VIBRATION CHARACTERISTICS
YAH-64 USA S/N 74-22M24

AIRCRAFT CG LONGITUDINAL
SYM AVG AVG CG AVG AVG AVG FLIGHT

GROSS LOCATION DENSITY OAT ROTOR CONDITION CALIBSTED
WEIGHT LONG LAT ALTITUDE SPEED . .IRSPEED
(LB) (FS) (B) (FT) (C) (RPM) (KNOTS)

0 13920 206.7tAFTY -'0-6 LT 618O i4.5 289 RT TURN 134
o 14120 206.6(MVIT) -0.5 LT 5160 14.5 289 LT TURN 134

NOTE: CLEAN CONFIGURATION
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CG NORMAL ACCELERATION (9)
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FIGURE 99
VIBRATION SPECTRUM

YAH64 USA S/N 74-22.248

PILOT SEAT VERTICAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CAL I BRATED
WEIGHT LONG LAT ALTITUDE OAT SED) CONDITION AIRSPEED

(LB) (FS) (BL) (FT) (0c~) (N(KNOTS)

14650 200 .4(FWD) -0.6 LT 4 1 -4 0 15.0 ]XI, FLIGHT 128
NOTE: 8 HELLFIRE CONFIGURATION'
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FIGURE 100
VIBRATION SPECTRUM

YAH-64 USA S/N 74-22248
PILOT SEAT LATERAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00) (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128

NOTE: 8 HELLFIRE CONFIGURATION
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FIGURE 101
VIBRATION SPECTRUM

YAH-64 USA SIN 74-22248
PILOT SEAT LONGITUDINAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00) (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128

NOTE: 8 HELLFIRE CONFIGURATION
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FIGURE 102
VIBRATION SPECTRUM

YAH-64 USA S/N 74-22248
COPILOT SEAT VERTICAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00) (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128
NOTE: 8 HELLFIRE CONFIGURATION
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FliIalRI". 10 [1

VI IBRA'TI'ON SP ECTI'RUM
YAII-t64 USA S/N 74-22248

cOPI itl' SIEAT LATERAL

.ROSS Ct; IOCATI ON DENS I TY ROTOR F, I GIIT CA1,l IRATI)

WE I GIlT LONG ILAT ALT I 'TlDE OAT SPEID CONDI Ti ON A I RS IT D:1

(LB) (US) (11L) (:rv (Cc) (RIm) (KNO'TS)

146t50 200.4(FM)) -0.6 II, 4240 1 S. 0 289 LVI, IlIT 128

NOTE: 8 HELLFIRE CONFIGURATION
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FIGURE 4
VIBRATION SPECTRUM

YAH-64 USA S/N 74-22248
COPILOT SEAT LONGITUDINAL

GROSS CC LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00) (RPM) (KNOTS)

14( 5t) 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128
NOTE: 8 HELLFIRE CONFIGURATION
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FIGURE 105
VIBRATION SPECTRUM

Y'AH-64 USA S/N 74-22248
AIRCRAFT CC VERTICAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00) (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128
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FIGURE 106
VIBRATION SPECTRUM

YAH-64 USA SIN 74-22248
AIRCRAFT CG LATERAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (00 (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128
.. .. .. .. NOTE: 8 HELLFIRE CONFIGURATION
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FIGURE 107

VIBRATION SPECTRUM
YAH-64 USA S/N 74-22248
AIRCRAFT CG LONGITUDINAL

GROSS CG LOCATION DENSITY ROTOR FLIGHT CALIBRATED
WEIGHT LONG LAT ALTITUDE OAT SPEED CONDITION AIRSPEED
(LB) (FS) (BL) (FT) (0C0 (RPM) (KNOTS)

14650 200.4(FWD) -0.6 LT 4240 15.0 289 LVL FLIGHT 128
NOTE: 8 HELLFIRE CONFIGURATION
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memo I

APPENDIX F. GLOSSARY

a Speed of sound
A Main rotor disc Area (ft2 )
AAH Advance Attack Helicopter
app Appendix
APU Auxiliary Power Unit
ASE Automatic Stabilization Equipment
AV-02 Air Vehicle - 02
AV-03 Air Vehicle - 03
AVSCOM US Army Aviation Systems Command
AVRADCOM US Army Aviation Research and Development Command
BHO Black Hole Ocarina
BITE Built In Test Equipment
BL Butt Line
BUCS Back-Up Control System
C Celsius
CAS Control Augmentation System
CG Center of Gravity
CL Centerline
Cp Coefficient of Power
CT Coefficient of Thrust
deg Degree
DTI Development Test 1
ECL Engine Condition Levers
ECU Electrical Control Unit
EDT I Engineer Design Test I
EDT 2 Engineer Design Test 2
EPR Equipment Performance Report
ETP Engine Test Procedure
fe Equivalent flat plate area (ft2 )
FFAR Folding Fin Aerial Rocket
FFS Force Feel System
fig. Figure
FOD Foreign Object Damage
fs, FS Fuselage Station
ft Feet
FTS Force Trim System
g Acceleration of gravity
GCA Ground Controlled Approach
GCT Government Competitive Test
GPM Gallons Per Minute
GW Gross Weight
HH Hughes Helicopters
HMU Hydromechanical Unit
Hp Pressure altitude
HQRS Handling Qualities Rating Scale
Hz Hertz
IGE In Ground Effect
IMC Instrument Meteorological Conditions
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in. Inches
IRP Intermediate Rated Power
ITO Instrument Takeoff
lb Pound
LVDT Linear Variable Displacement Transducer
KCAS Knots Calibrated Airspeed
KIAS Knots Indicated Airspeed
KTAS Knots True Airspeed
OGE Out of Ground Effect
mm Millimeter
Mod I Modification I
Mod 2 Modification 2
Mod 2B Modification 2B
Mtip Advancing tip Mach number
Ng Gas producer speed
NOE Nap Of the Earth
Np Power turbine speed
NR Main rotor speed
PCM Pulse Code Modulation
PSI Pounds per Square Inch
PSIG Pounds per Square Inch Gauge
Q Engine output shaft torque
R Radius (ft)
ref Reference
RPM Revolutions Per Minute
SAS Stability Augmentation System
sec Seconds
SHP Shaft Horsepower
S/N Serial Number
TGT Turbine Gas Temperature
T4.5 Turbine gas temperature
USAAEFA US Army Aviation Engineering Flight Activity
V Velocity
VDC Volts Direct Current
VH Maximum Horizontal Velocity
VT True airspeed
VRS Vibration Rating Scale

Greek and Miscellaneous Symbols

A Incremental change
pAdvance ratio
p Air density (slugs/ft 3 )
12 Main rotor angular velocity (radians/sec)
- Approximately
4/rev 4th harmonic of the main rotor
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APPENDIX G. EQUIPMENT
PERFORMANCE REPORTS

The following EPR's were submitted during this test:

EPR No. Date Descriptive Title

78-23-01 20 June 79 Rotor Brake Slippage

78-23-02 20 June 79 Lack of airframe fuel filter

78-23-03 20 June 79 Difficulty in rigging wing flaps

78-23-04 20 June 79 Bypassing automatic refueling
safety systems

78-23-05 20 June 79 Damage to tail wheel support
assembly
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