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DEPARTMENT OF THE ARMY

4 HQ, US ARMY AVIATION RESEARCH AND DEVELOPMENT COMMAND

P 0 BOX 209, ST. LOUIS, MO 63166

3 DRDAV-FQ A

.ﬁ SUBJECT: TDirectorate for Development and Engineering Position

E on the Conclusions and Recommendations of the Final Report on

1 USAAFFA Project No. 74-07-1, Development Test T, Advanced Attack
? Helicopter, Competitive Evaluation, Bell YAU-63 ilelicopter,

4 December 1976

. SFE DISTRIBUTTON

a 1. The purpose of this letter is to document the Directorate of Development
: and Fngineering position on the suhject test report. Tt must be recognized

that the Bell Helicoycer Textron YAN-63 was not selected for continued
engineering development to meet the Army's Advanced Attack Helicopter
S (AAH) requirements, however as a part of the selection process, the AAl
; Source Selection Board (SSEB) did negotiate with the manufacturer pro-
posed corrections to all discrepancies (except for GFE) found during
these tests with which the SSEB agreed were significant problems. 1In
addition, the resulting configuration would have had a significantly
lighter empty weight and many other features which would improve aircraft
* performance. Details of these corrections are no longer important and are
therefore not included within this letter. However, some areas raising
B fundamental technical issues are discussed by paragraph numbers from the
3 subject report.

L a. Para 97. The SCAS monitor system contained in this aircraft should
: be considered an enhancing feature. While it was not specifically required
of the specificatjon, it represents one of the mort significant safety
improvements for SCAS systems that the Army has yet seen.

' h. Paras 143b, 143d, 1431 and 144hh. The AAH is the first attempt
; by the Army to ohialn an attack helicopter capable of operating under
b IMC and other adverse weather conditions, such as in moderate ice.

i Therefore the flight characteristics under these conditions during

il normal operation and/or with various modes of the SCAs inoperative are
- extremely important. Contract emphasis must be placed on these flying
4 qualities to provide staying power on the battlefield under adverse

F conditions.

?? c. Para 143h. As with other Army air items, some avioniecs will not
3 have preset frequencies since this is not considered a requirement by
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DA. However, this position is being reconsidered due to the significant
nap-of-the-earth operation of the attack helicopter.

d. Para 143s. The YAI-63 did not possess adequate sideslip cliaracteristics
(increasing bank angle with sideslip) but did meet PIDS requirements. ‘lu.ls
suggests that a minimum value derivative should be contained in future spec-
ification requirements rather than just a requirement for a positive variation.

e. Para 144b. The rotor speed {luctuatlons which continually activated
the RPM warning light during day NOE flight should be considered a deficiency
in that it continually detracted the pilots attention back into the cockpit.
This diversion is more significant than that associated with the ahsence
of pre-tuned radios because of the difference in frequency of occurence.

f. Para 144h. The YAII-63 brake system meets MTL Spec requirements.
However, redesign to the crew station would make brake application easier
and alleviate the problems associated with ground handliie,

g. Para l4d4nn. While the vertical baffles were not properl:y optimized,
this concept represents one of the best approaches to reducing reflections
within the cockpit that we have seen to date. This problem of reducing in-
ternal reflections from both internal and external sources is complicated
by the rear flat glass canopy which is an attempt to significantly reduce
external glint, therefore visual detection by the enemy. Industry should
be encouraged to continue development of several approaches to the solution
of this problem.

2. Because of the overweight status of the prototype aircraft and other
simple performance improvements planned for incorporating into the production
design, the performance levels shown in thils report are not representatlve of
the potential operational capability of the AH-63,

ALTEFR A. RATCLIFF
Colonel, GS
Director of Development
and Engineering

FOR THE COMMANDER:



INTRODUCTION

BACKGROUND

1. On 22 June 1973, the United States Army Aviation Systcms Command
(AVSCOM), since redesignatcd the Army Aviation Rescarch and Development
Command (AVRADCOM), awarded a Phase T enginecring development contract
to Bell Helicopter Textron (BHT). The contract rcquired BHT to design. devclope,
fabrcate, and test two advanced attack helicopter (AAI1) prototypcs, and one
ground test vehicle (GTV), designated YAH-63, The YAH-63 made its first flight
on 1 QOctober 1975, The Unitcd 3tates Ariny Aviation Engineering Flight Activity
(USAAFEFA) was tasked to prepare a test plan (ref 1, app A) for the conduct
of Development Test 1| (DT 1) of the BHT prototypes. The first YAH-63 was
dclivered to Edwards Air Force Base, California on 10 July 1976, followed by
the second aircraft on 2 August 1976.

TEST OBJECTIVES

2. The objcctives of DT 1 were as follows:

a. To providc enginecring data to the AAH Source Selection Evaluation
Board (SSEB) for comparison with the systems spccification for the AAH (ref 2,
app A).

b.  To provide cngineering data for determining compliancc with the BHT
systcms specification for the YAH-63 (rcf 3, app A).

c. To provide airworthincss data as a basis for updating the safety-of-flight
releasc (SOFR) for Opcrational Test I (OT 1).

DESCRIPTION

3. The YAH-63 is a two-place, tandem-seat, twin-engine helicopter with
two-bladed main and antitorque rotors. The wheel-type tricycle landing gear
incorporates a kneeling feature. The helicopter is powercd by two General Electric
YT700-GE-700 turboshaft engines. The YAH-63 incorporates a 30mm gatling gun
in an integral chin turret and also is capable of firing 2.75-inch folding fin aircraft
rockets (FFAR) and tube-launched, optically-tracked, wire-guided (TOW) missiles
from wing mounting stations. A detailed description of the aircraft and the flight
control system is contained in appendixes B and C, rcspectively. Appendix D
contains a dctailed description of the YT700-GE-700 engines used during these
tests. Mission gross weight of the YAH-63 is 16,054 pounds.

1
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TEST SCOPE

4. Development Test 1 of the YAH-63 was conducted utilizing two prototype
aircraft (serial numbers (SN) 74-22246 and 74-22247). Aircraft SN 246 was tested
between 28 July and § October 1976 at Edwards Air Force Base, California (2303
feet elevation), and test sites near Bishop, California (4228 and 9500 feet).
Aircraft SN 247 was tested between 7 August and 3 September 1976 at Edwards

Bk i

i o,

t . Air Force Base. A total of 99 flights for 100.7 hours (66.6 productive hours)
ol were flown on the two aivcraft. Pilots from the Operational Test and FEvaluation
i Agency (OTEA) flew in thz copilot seat as often as possible to prepare lor OT 1.

The test aircraft were equipped with special instrumentation which was installed,
calibrated, and maintained by the contractor. The aircraft was also maintained by
: the contractor. Tests were flown in accordance with the restrictions contained in
_i the SOFR (refs 4 and 5, app A). Test results were compared to the requirements
3 of the Army and BHT systems specifications. The vertical agili', of the helicopter
was evaluated based on a modified vertical displacement maneuver defined in

reference 6.

5

5. The tests were conducted in the following three external wing store P
- configurations: (1) clean: no rocket pods or TOW missile launchers installed, ¥
& outboard stores pylons installed, inboard pylons removed; (2) 8-TOW: two TOW ;
missile lauchers installed on each outboard wing store station, outboard pylons

installed, inboard pylons removed; and (3) 76-rocket: one M200AI rocket pod

- on each wing stores station, pylons installed on inboard and outboard stations.

! . During some hover performance tests ballast cans were installed on the stores | ;
4 stations. The shape of these cans simulated the M200A1 rocket pod. The XM188 ' E
b weapon was in the straight-ahead stowed position for all tests except weapons firing. {

Performance and handling qualities test conditions are detailed in table 1.

TEST METHODOLOGY

b 6.  Standard test techniques were used during these tests and are hriefly described

in the Results and Discussion section and Appcndix F of this report. Trim ¢
G ! conditions for all tests were in coordinated (ball-centered) flight. A Handling e

Qualities Rating Scale (HQRS) was used during evaluation of mission tasks (fig. 1,
i app F). Flight test data were obtained from sensitive calibrated test instrumentation
and standard ship's system indicators displayed on the instrument panel and
recorded on magnetic tape. A list of the test instrumentation is presented in
appendix E. Test techniques and data analysis methods are described in
appendix F.

2
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Table 1.

Test Condit.ons.’

Long tadinal

hensity :
. o Gross Weleht Cimter-of -travity Batls ) St Ealibrated
Type of Test (1b) e oD k AMtitude Alrspeed
SO (ft) (kt)
{(Ino)
16,270 to 18,560 | 295.7 (mid, to 29€¢./ (mid) 2300 to 2320
lHover pectormance” 14,160 to 19,110 1292.9 (lwd) to 298.1 (af:) 4060 to 5640 Zero
14,550 to 15,020 1 294.0 (fwd) to 296.6 (mid) [ 10,060 10 11,240
Vartteal ¢limb performance 15,000 to 17,200 [ 295.0 (fwd) to 297,0 (mid) 5520 Lo 6300 Zero
Vorw.rd {1tght . :
. ! 15,100 to 16,400 29,5 (fwd) 4000 to 5200 68 to 72
citmb performance
14,900 to 16,480 [ 292.5 (fwd) to 293.0 (fwd) 5440 to 6880 37 to 147
Level 111ght performance 15,580 to 16,180 | 291.3 (fwd) to 298.6 (aft) 7400 to 9500 ’39 to 145
16,580 to 17,200 | 293.2 (fwd) to 293.6 (fwd) [ 10,140 to 10,960 '39 to 116
Autoro:ational descent 15,740 and 293.2 (fwd) and .
pertormance 16,020 293.5 (fwd) CUID G (o Bl & eL
Lateral acceleration: 16,020 295.8 (mid) 5320 Stabilfzed hover
Vertlcal displacement 16,240 204.8 (fwd) 5080 2140
4 q ’ (-[+
A (LT 14,660 tu 16,140 1 291.3% (fwd) to 298.8 (-7+) 6420 to 7960
trimmed forward flight T 35 to 136
. 16,180 293.5 (fwd) 9500
Statte longitudinal stability 15,540 to 16,200 { 298.1 (Aft) to 298.7 (aft’ 6320 to 7180 44 to 110
Statt ate -d E
LA faveral-directfonal 15,820 to 16,300 | 298.2 (aft) to 298.8 (aft) | 5980 to 7640 40 to 125
Mineuvering stabil’ ey 14,960 to 16,420 | 298,33 (aft) to 299.0 (aft) 5700 to 7360 58 to 122
bynamte stability 15,540 to 14,340 | 298.1 (aft) to 298.8 (aft) 5380 to 6340 87 to 127
15,840 to 16,340} 298.4 (aft) to 298.7 (att) 3520 to 3760 Zero
Controlbal 1 Hicy 15,640 to 16,520 ) 298.1 (aft) to 298.7 (aft) 5320 to 7260 Zero to 127
15,780 297.3 (aft) 10,840 Zero to 127
ARG e Dty 15,000 208.7 (aft) 4300 Zero to 125
characte lattes
15,420 to 16,260 j 294.5 (fwd) to 295.3 (fwd) {10,760 to 11,520

f.ow=-speed {1ight charncteristies

16,120 to 16,140

295.8 (mid)

3440 to 4440

~
“Zero to 45

and autorotational entries

] 16,000 295.8 (mid) 4000
Mission maneuvering Zero to 140
characteristics

14,6400 298.5 7‘aft) 7000
Weapons firing 17,600 297.5 (ait) 5700 Zero, 90, 120
instrument {light operations ) 9 45 to 17
and nighe visibiliey o u 2ot 1B 210 3 to 126
Alrcraft systems fallures 16,440 to 16,500 299.3 (aft) to 299.4 (aft) 6060 to 6200 82 to 116
Stiulated single-engine fatlures| . e, o 16,120 | 298.7 (aft) to 298.7 (aft) | 8280 to 9080 73 to 80

‘Rotor speed: 276 rpm (272 to 289 rpm during antorotational descent and 272 to 279 rpm during hover performance).

Configuration: 8-TOW, except for level flight performance, which was flown clean

and 8-TOW; hover, which was

flown in the 76-rocket configurstion; and weapons firing, which was flown clean and 76-rocket configuration.
Stability and conirol augmentation system (SCAS) ON unless specified OFF.
’Free flight hover technique at wheel heights of 5 and 100 feet.

'Knots true airspeed (KTAS).

"Forward, rearward, and sideward flight (zero to 10 KTAS to the right at the high altitude).

3 FOR OFFICIAL USE ONLY




RESULTS AND DISCUSSION

GENERAL

7. Performance and handling qualities of the YAH-63 helicopter were evaluated
at high-altitude and low-altitude test sites. Two instrumented test aircraft were
used, Performance of the YALF-63 failed to meet most of the requirements of
the systems specification, Numerous envelope limits werc impos:d during this test
which would be unacceptable for an operational aircraft. Several aircraft
characteristics were found to enhance the capability to perform the attack
helicopter mission. The excellent field of view and forward visibility afforded by
the front cockpit pilot station, along with outstanding airspeed control at low
airspeeds, provide an excellent nap-of-the-earth (NOE) capability. The excellent
handling qualities in rearward flight will enhance bob-up target acquisition tasks
in downwind conditions. The chip verification system allows an in-flight check
on transmission chips and could save a mission which would otherwise be aborted
or at least delayed. The ordnance jettison panel allows easy and rapid selection
and jettison of external stores. Nine deficiencies were identified during the
evaluation. Of thesc, the most significant were the internal reflection of external
light sources on the canopy during night flight; the unsatisfactory handling qualities
for flight in instrument meteorological conditions (IMC) at airspeeds greater than
100 knots; the excessive transient rotor speed droop following a rapid power
demand from a low-power condition; the divergent oscillation about all three axes
at airspeeds greater than 100 knots with SCAS OFF; and the repeated failure of
the XM188 weapon system. A total of 59 shortcomings and 20 instances of
specification noncompliance were noted.

PERFORMANCE

General

8. Performance testing was conducted with aircraft SN 74-22246 at {est site
clevations of 2302, 4228, and 9500 feet. Performance evaluations included hover,
vertical climbs, forward flight climbs, level flight, autorotational descent, lateral
acceleration, and vertical displacement. Most of the systems specification
performance requirements are at mission gross weight (16,054 pounds for the
*’AH-63) on a hot day (35°C), with primary mission external stores. At these
conditions, the helicopter has an out-of-ground-effect (OGE) hover ceiling and
single-engine service ceiling of 4700 feet and 2070 feet pressure altitude,
respectively. At the same gross weight and temperature and 4000 feet pressure
altitude, the aircraft has a maximum level flight airspeed of 142 KTAS but did not
meet the vertical climb requirement at 0.95 percent intermediate rated power (IRP)
(the aircraft could not hover at these conditions). The minimum autorotational
rate of descent was 2250 ft/min at 61 knots indicated airspeed (KIAS) and a rotor
speed of 276 rpm. Power available for all performance specification compliance

4
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calculations was based on tlic YT700-GE-700 prime item development specification
(AMC-CP-2222-02000) using induction and exhaust losses measured during these
tests. As shown in table 2, the YAM-63 failed to meet most of the mission
performance requirements of the systems specification.

Table 2. Performance Specification Compliance.]

S . ati

Test? pec1fic1L10n YAH-63 Performance
Reyuirement

Vertical climb? at 450 to Cou Ld ]

0.95 IRP 500 £t/min ould not hover

Single-~engine 5000-ft pressure i

service ceiling altitude 288 152

L ight

ai:i;e§i1§L epdsh | 145 to 175 KTAS 122 KTAS

??i%ﬁimaifZSieda 150 KTAS 142 KTAS

Siﬂgle-engine . :

level flight at 90 KTAS Slvgle—englne Level

IRP® ' flight not possible

EZgUEZSZT at 2.5 hours 2.38 hours

Lateral 0.250 0.35g left,

accelerations’ sy

0.48g right

'Arny systems specification.
*All results were at mission gross weight (16,054 pounds) and
35°C, except endurance at sea level, 15°C, and operating

weight plus primary mission payload and maxiwum interral fuel.
'Pressure altitude 4000 feet.
“Maximum continuous power.
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Hover Performance

L 9.  HMover performance testing was accomplished at both the high-altitude and

: low-altitude test sites at the conditions listed in table 1. The aircraft fuel load,
ballast, and rotor speed were varied to obtain data at a wide range ol thrust
coelficients. The OGE hover performance summary (fig. 1, app G) shows a hover
ceiling of 4730 feet pressure altitude on a 35°C day at mission gross weight. The
in-ground-effect (IGE) (5-loot wheel height) hover ceiling at mission gross weight
on a 35°C day was 7250 feet pressure altitude. Figures 2 and 3 present

. nondimensional hovering perforiance data for S-foot and 100-foot wheel licights,
respectively. Nondimensional tail rotor performance is presented in figure 4.

Climb Performance

SRt

Vertical:

10. Unaccelerated vertical climbs were made between 200 to SO0 feet above
ground level (AGL) at various constant collective control settings at thie conditions
shown in table 1. A radar altimeter and recording observation instruments (ROI)
were used to measure rates of climb. A detailed description ol the test techniques
and data analysis methods used is contained in appendix F. The minimum vertical
rate of climb for a given power increment was defined and the results are presented
in figures 5 through 8, appendix G.

11. At mission gross weight, hot-day conditions (4000 fect, 35°C), and 95 percent
IRP, the maximum vertical rate of climb was calculated to be less than zero. The

. vertical climb performance requirement of paragraph 3.2.1.1.1.1a of the systems
specification (ref 2, app A) of 450 ft/min was not met.

Forward Flight:

12. The single-engine climb performance of the YAI-63 wus determined at the
conditions listed in table 1. Two continuous climbs were conducted (one on each
engine) using an airspeed versus altitude schedule determined from level flight
performance tests, Correction factors for gross weight (Kw) and power (Kp)
variation were determined f{rom sawtooth climbs and were applied to the continuous
climb data (app F). Figures 9 and 10, appendix G, present the Kp and Ky data,
The continuous climb test results were then corrected to hot-day (constant 35°C)
conditions and are presented in figure 11, appendix G. The hot-day single-engine
service ceiling (fe, altitude at which maximuim rate ol climb equals 100 ft/min)
was 2070 feet pressure altitude at mission gross weight. This service ceiling Tails
to meet the 5000-foot requirement of paragraph 3.2.1.1.1.3b of the systems
specification,

Level Flight Performance

13. Level flight performance tests were conducted at the conditions listed in
table 1 to determine power required and fuel flow as functions of airspeed. In 3

i

6
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addition, specific range, long-range cruise dirspeed (Veryise). cndutince airspeed
(airspced at minimum fuel Now) und maximum airspeed Tor level Hight (Vi) at
MCP were determined. Data were obtained in stahilized fevel flight at incremental
airspeeds from 40 KTAS to Vij in the clean and 8-TOW configurations. A constant
ratio of gross weight to air density ratio (W/o) was maintained by increasing aftitude
as Tuel was consumed. The results of these tests are presented nondimensionally
in  figures 12 through 15, appendix G, and dimensionally in figures 106
through 25. Aircraft specific range, maximum endurance and Verpige Tor the
8-TOW configuration are summarized in figures 20 and 27.

14, The increase in cquivalent flat-plate arca (Afe) from the clean o 8-TOW
configuration wis a constant 3.6 {12 (assuming a propulsive cfficicncy of unity).
One 8-TOW level flight performance test was conducled at an aft center of gravity
(cg). Changing cg from forward to aft decreased Al by 4.6 {17, Fignre A presents
level flight power required versus airspeed for the mission gross weight and 8-TOW
configuration at a 4000-foot pressure altitude at 35°C. As shown in figure A. V||
at MCP is 122 KTAS, which fails by 23 knots to mect the 145-KTAS requirement
of paragraph 3.2.1.1.1.1b of the systems specificalion. Figure A also indicates that
single cngine level flight is not possible under these conditions. Therefore, the
90-KTAS single-engine level Ilight requirement of paragraph 3.2.1.1.1.3a was not
met. The mission profile specified in paragraph 3.2.1.1.1.1c requires a 6-minute
level flight scgment at 150 KTAS at the conditions of figure A. The Vi of the
YAH-63 at those conditions was 142 KTAS. Therelore, the mission profile specilied
could not be performed. Table 3 summarizes the endurance specilfied in
paragraph 3.2.1.1.1.1d. The YAH-63 endurance of 2.38 hours lailed by 0.12 hours
to meet the 2.5 hour requircment.

15. Mission gross weight for AAH is defined in paragrapl: 3.2.2.1.5 ol the systems
specification as ". . . operating weight plus primary mission payload and primary
miission fuel as defined in paragraph 3.2.1.1.1.1c . . ." Tablc 4 shows the
calculation of mission gross weight for the YAH-63. Calculation of the primary
mission fuel load is shown in table 5. As discussed in paragraph 13, the YAH-63
could not maintain level flight at 150 KTAS. Therefore, V|{ was used in calculating
fuel burmed during that segment of the primary mission piofilc of
paragraph 3.2.1.1.1.1c. Mission gross weight of the YAIlI-63 is 16.054 poinds.

Maneuvering Performance

Lateral Acceleration:

16. The lateral acceleration performance of the YAH-63 helicopter was determined
at the conditions listed in table 1. The lateral acceleration maneuver is illustrated
in figure B. The test was conducted at bank angles up to 50 degrees to the right
and 38 degrees to the left. Performance data were recorded with ground operated
space positioning equipment and on-board instrumentation. Data reduction methods

are described in appendix F. Lateral flight performance data arc presented in
figure 28, appendix G.
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Figure A. Level Flipht Performance

NOTES: 1. Design agross weight and 8-TOW
configuration.
Forward center of gravity.
Pressure altitude = 4000 feet.
OAT = 35°C.
Rotor speed = 276 rpm.
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Table 4. YAH-63 Mission Groes Weight.
Ttem W?iﬁ?t
Weight empty per SOFR 12,188
Unusable fuel per SOFR 64
Engine oil per SOFR 29
Crew 500
Fixed useful load per SOFR (8-TOW missile tubes,
2-TOW missile launchers, gun, 2 stores pylons, 557
gun camera, and IR decoy flares)
Operating weight 13,338
Primary mission (expendable ordnance) payload 1056
(8-TOW missiles and 728 30mm rounds)
Primary mission fuel for 1.9 rous 1660
16,054

Mission gross weight
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17. Avecrage right lateral accclerations to 35 KTAS were in excess of the 0.25g
minimum requirement of the systems specification. In right accelerations, full left
pedal was occasionally insufficient to maintain aircraft leading. During this
maneuver, tail rotor shaft horsepower (shp) in excess of the continuous limit
(457 shp) was recorded. Additionally, the tail rotor shp approached the transient
limit of 685 shp. However, peak shp could not be determined because of limited
instrumentation range (fig. 29. app A). In left lateral accelerations, the maximum
bank angle achieved was 33 degrees. Twenty-four degrees of left bank angle were
required to obtain 0.25g average acecleration to 35 KTAS. Maximum lateral
accelerations achieved were 0.35g left and 0.48g rignt. Further tests should be
. conducted to determine the maximum tail rotor shp in right sideward accelerations.
‘ The inadequate direetional control margin in right sidewurd accelerations is further
discussed in paragraph S58. The inability of the aircraft to maintain heading does
not meet the requirements of paragraph 3.2.1.1.1.4d of the systems specification.

Vertieal Displacement:

18. The vertieal displacemcnt performance of the YAH-63 helicopter was evaluated
. at the conditions listed in tablc 1. The test was conducted to determine if a
$ 200-toot change in vertical height could be achieved within 1300 fect horizontal

T, distance without losing morc than 30 KTAS forward airspced. The vertieal
‘ displacement maneuvers consisted of a cyclic pull-up from a level flight airspeed
3 ' of 140 KTAS (fig. C). An entry airspeed of 140 KTAS was used rather than the

150 KTAS specified in refercnee 1, appendix A, because of aircraft limitations.
G Performance data were recorded with ground operated space positioning equipment
and on-board instrumentation. The results of these tests are presented in figures 30
and 31, appendix G.

19. During the test, a maximum peak normal acccleration of 1.82g was achicved
with a vertical displacement of 200 feet within a horizontal distance of 1150 feet.
The airspeed loss at 1.82g was 33 KTAS. As indicated in figure 30, appendix G,
£ a 200-foot vertical displacement can be achieved within a 1168-foot distance with
a load factor of approximately 1.8 with an airspezd luss of less than 30 KTAS.
At load factors less than 1.72, more than 1300 feet were rcquircd to gain 200 feet

of altitude. The vertical displacement performance of the YAH-63 helicopter is

satisfactory.

! 20. There was a tendency for the aireraft to roll right during these maneuvers.
Figure 31, appendix G, shows that a right bank angle of 11 degrees devcloped
-" in spite of a large left lateral control input. This rolling tendency was not
; objectionable. At load factors in excess of 1.8 in pull-ups, excessive vibrations were
e noted. These exeessive vibrations are further discussed in paragraph 114,

e Autorotational Deseent Performanece

21. Autorotational descent performance tests were conducted at the conditions

listed in table 1. To determine the airspeed for minimum rate of descent
(Vmin R/D), rotor speed was held constant at 275 rpm and data were obtained

13
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at incremental stabilized airspecds tfrom 28 to 82.5 KCAS. After Vmin R/D was
' dctermined, another serics of descents was conducted at that airspeed at incremental
rotor specds from 271.8 to 289.5 rpm. The results o1 these tests are presented
o; in figures 32 and 33, appendix G.

22. The minimum ratc of descent was 2250 ft/min ai t'1e Vipin R/D of 61 KIAS.
Figure 27, appendix G, also indicates that rate of descent daes not vary
significantly for airspeeds within £5 knots of trim. Pilot comments indicated that
| . control of airspeed in autorotation was casily maintained within a 5 knot
= . tolerance. The rotor specd for minimum rate of descent was 276 mpm (normal
i power-on operating speed). Rotor spced was casily maintaincd within 23 rpm and
such rotor specd fluctuations cansed only minor changes in rate ol descent.

23, The airspeed for maximum glide distiance is heyvond the 90-KCAS limit of
the SOFR and could not be detcrmined Irom these tests. Operationally, 90 KCAS
should be used as thc airspecd for maximum glide distance until further testing
defines the maximum glidc airspeed.

- HANDLING QUALITIES
i General

24. Handling qualities of the YAH-63 wcrc evaluated using both aircraft at the
high-altitude and low-altitude test sites. Numcrous envelope limits werc imposed
during this test which would be unacceptablc for an operational aircraft. The
helicopter cxhibitcd several fcatures which will cnhance accomplishment of the
attack hclicopter mission. The excellent ficld of view and forward visibility afforded
by the front cockpit pilot station, along with outstanding airspeed control at low
airspeeds, provide an excellent NOE capability. The excellent handling qualities
in rearward flight will enhance bob-up target acquisition and tracking tasks in
downwind counditions. Airspeed and rotor spced control in autorotation are
cxcellent. Seven deficiencies werc identified during the tcsts. At airspeeds greater
than 100 KIAS, handling qualities were unsatisfactory for flight in IMC. Thc
B excessive transicnt rotor spced droop following a rapid power demand from a
; g low-power condition limited the aircraft's ability to perform a quick-stop mancuver.
5 Aircraft control following a SCAS failure at airspceds in excess of 100 KCAS is
( extremely difficult because of a divergent oscillation about all three axes. The
i XMI188 weapon system failed to fire repeatedly during these tests. These failures
g would severely limit the combat eftectiveness of the helicopter. Inadcquate control
% margins in three flight regimes seriously degrade aircraft handling qualities in those
regimes. The requirement for the pilot to manually tune radios during NOE flight
creatcs an wiacceptable workload. A total cf 23 handling qualitics shortcomings
were noted along with 13 instances of specification noncompliance.
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Conirol System Characteristics

25. Pilot station control hreakout forces, force versus position gradients. and range
of travel were determined during ground tests with rotors stationary, SCAS OFF,
and Torce feel system ON. Hydraulic and electricul power were provided by ground
power units and »ll three hydraulic systems were pressurized. Airspeed effects were
simulated by applving pressure to the Q sensor representing airspeeds of 50, 100,
and 150 knots. Control forces were measured at titv center of the cyclic and
collective grips and at the hinge point of the toe brakes. The design of the cyclic
force feel system (app C) is such that the cvclic forces measured during these
ground tests should be representative of those experienced in flight. The collective
and directional forces in flight might vary from those mcasured on the ground
because in-flight vibrations may reduce friction. Data from these tests are presenied
in ligures 34 throngh 41, appendix G, and summarized in tables 6 and 7.

26. Longitudinal and lateral conifrol force gradient. increased with increasing
airspecd and were within the limits <pecified in the systems specification at all
airspeeds. However, pilot comments indicated that vclic forces were excessive.
These comments probably resulted from the high breakout forces rather than the
force gradients. These high cyclic breakout forces also contributed to the difficulty
in establishing a precise trim. Control centering was satisfuctory. Direclional control
breakout forces and lorce gradients are satisfactory. Collective control breakout
forces, presented in table 7, are satisluctory. The longitudinal and lateral contro!
breakout Torces exceeded the maximum limit specified in paragraph 10.3.2.1.1 of
the systems sperification by 1.5 pounds. Additionally, the cyclic and dircctional
forces failed to mect the requirements of paragraph 10.3.2.1.2, in that the breakout
Torces were not symmetrical about trim. This asymmetry in cyclic and directional
breakout about trim is a shortcoming. The high cyclic control breakout forces
constitute a shortcoming.

27. Cyclic control forces could be trimmed to zero either by use of the trim
release button (releasing cyclic and directional forces simultaneously) or by use
of the single-axis beep trim switch. No beep trim was provided for the directio~al
control. Trimming forces to zero by usc of the beep trim switch was difficult.
1t could not be determined if this dilficulty resulted from trim rates (0.5 in./sec
longitudinal and 0.85 in./sec lateral) or from the systems overshooting the desired
position after the switch was released. The unsatislactory operation of the cyclic
beep {rim system is a shortcoming. The {irim release button functioned
satisfactorily, although its poor location caused difficulties which are discussed in
paragraph 78. A small stick jump was sometimes associaied with activation of this
button during accelerations or other mancuvers requiring large trim changes.

28. The cyclic force feel system amplified lateral vibrations in the pilot cyclic
control. These vibrations were most apparent in forward flight at 300 to
400 foot-pounds (ft-Ib) of fransmission torque and airspeeds of 70 to 90 KIAS.
When the pilot was not touching the control, the top of the cyclic grip oscillated
2 inches either side of trim. ‘The vibrations were easily eliminated when the piloi

lightly gripped the cyclic control, and were reduced in amplitude when the force
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Table 7. Pilot Station Collective
Control Breakout Forces!.
Breakout Forces
Collective Position (1b) Specification Limits?
(% from full down) (1b)
Up Down
Zero 6 -
25 7 7
50 8 7 1 to 10
75 9 7
100 - 2
1Including friction.
2Army systems specification. ‘
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feel system was disengaged. The oscillations ol the unattended pilot cyclic control
are excessive and represent a shortconing.

Control Positions in Trimmed Forward Flight

29. Control positions in trimmed torward f{light were evaluated at the conditions
listed in table 1. Figures 42 through 45, appendix G, present the results ol this
test.

30. The longitudinal control position gradient in level flight indicates stability at
all airspeeds above 60 KCAS and slight instability at lower airspeeds. The stability
at high airspeeds reduced pilot elfort when changing airspeeds (HQRS 3). The slight
instability at low airspeeds was not objectionable. Longitudinal control margin was
inadequate ut high level flight uirspecds. Figure 45, appendix G, shows that the
longitudinal contror margin at 132 KCAS at an alt (g location (FS 198.6) was
approximately 5 percent (0.5 inch). This inadequate forward longitudinal control
margin at high airspeeds is a deficiency. Longitudinal cyclic control margin will
not produce the 15 degrees per second (deg/sec) angular rate required by
paragraph 10.3.3.1 of the systemns specification.

31. Lateral control position changes with airspeed and power were minimal and
satisfactory. Above 60 KCAS, the total directional control motion required to
maintain balanced flight as airspeed increased was less than | inch. These small
directional trim shifts at higher airspeeds resulted in minimal pilot effort required
to maintain balanced flight. A directional control trim shift of 0.75 to 1 inch
between 45 and 55 KCAS in the 8-TOW configuration was objectionable, in that
considerable pifot effort was required to maintain balanced flight witli small airspeed
chianges within that range. This directional trim shift between 45 and 55 KCAS
is a shortcoming,

32. Pitch attitude change with airspeed was necarly linear and always in the proper
direction (more nose-down with increasing airspeed). Attitude change with trim
airspeed contributed to & reduction in pilot workload to change trim airspeed.

Static Longitudinal Stability

33. Collective-fixed static longitudinal stability characteristics were evaluated at
the conditions listed in table 1 in level Night, clinbs, und descents. The helicopter
was trimmed at the desired airspeed in steady-heading, ball-centerzd flight. With
the collective control held fixed, the helicopter was stabilized at incremental
airspeeds greater and less than the trim - peed. Data from these tests are presented
in figures 46 through 50, appendix (..

34. The variation of longitudinal control position with airspeed was nonlinear and
indicated neutral to unstable static longitudinal stability near trim at all conditions
except climbs at a trim airspeed of 70 KCAS and level flight at 80 KCAS.
Figure 47, appendix G, indicates stability for 10 “nots above the level flight trim
airspeed of 80 KCAS. This stability did not help .21 maintaining a trim airspeed,
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however, because of nontinearity ot the longitudinal control position variation with
atrspeed. A problem noted during these tests, and inflnenced by the inadequate
static longitudinat stability, was the inability to stubilize at an airspeed with controt
Torces trimmed to zero. Atlowing the aireraft to react to rero cvelic cnntrol forces
at airspeeds betow 100 KOAS resulted in a mildly divergent long-period oscillation
{para 51). The requirement to continually counter the oscillation tendency with
longitudinal control inputs will significantly accelerate pitot fatigue. Mission tasks
such as cross-countrv or instrument flight should reqriire minimnm pilot attention
Tor airspeed control. The inadeguate static longitudinal stability at airspceds for
instrament and cross-country 1light is a4 shortcoming. The variation of longitudinal
control position and force with airspeed failed to meet the collective-fixed static
stubility requirements of paragruphs 102327 and 10.3.4.1 of the svstems

specification.

35, The weak static longitudinal stability at lower airspeeds (helow 60 KIAS) was
considered tavorable, since refrimming was not required for the airspeed changes
required for NOE flight. This weak stability contributes to case in accurately and
rapidly changing airspeed during NOE flight, which is an enhancing characteristic
turther discussed in pavagraph 77.

Static_Lateral-Dircctional Stability

36. Static  lateral-directional stability characteristivs were cvaluated at  the
conditions listed in table 1 in level flight, climbs, and descents. Sideslips were
increased incrementally left and right from the trim sideslip condition. Collective
control position, heading. airspeed, and trim were held constant. The resnlts of
these tests are presented in figures 51 throngh 55, appendix G.

37. Static directional stability, as evidenced by the variation of directional control
position with sideslip, was positive. The gradient of dircctional control position
with sideslip was approximately linear and steepcned with increasing airspeed in
level flight. In descending flight, static directional stability was weak about trim
and became stronger with increasing sideslip angles from trim. Static dircetional
stability is satisfactory.

38. Dihedral effect, as indicated by the variation of lateral control position with
sideslip, was positive. The dihedral effect increased as airspeed or power was
increased but decreased at the large sideslip angles. The dihedral cffect is

satisfactory.

39. Side force, as indicated by thc variation in bank angle with sideslip, was weak
at sidestip angles near trim. Because of the weak side forces about trim, the pilot
was unable to detect small sideslip excursions. Varying sideslip angles will affect
rocket firing accuracy. Sideslip excursions also degraded instrument flight capability
hecause of the large pitch with sideslip coupling in this aircraft, as discussed in
the ncxt paragraph. While entering turns during IMC flight, large sideslip excursions
can occur with no indication to the pilot. When this happens, airspeed control
is difficult (para 87). Weak sidec forces near trim constitute a shortcoming.
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40. Large longitudinal trim sh.i'ts with sideslip were encountered during these tests,
Forward longitudinal control displiacement and force were required to balance the

nose-up pitching moment resulting from right sideslip, and an aft longitudinal
control displacement and force were required to balance the nose-down pitching
E moment resulting from left sideslip. These trim shilts increased with inercasing
B airspeed. At 13 degrees right sideslip at 125 KCAS in level flight, the forward
longitudinal stop was contiucted. The excessive pitcling moment with sideslip is
E unsatisfactory and is a shortcoming. The inadequite forward longitudinal control

margin in right sideslips at high airspeeds is a deficiency. The longitudinal trim
change due to sideslip did not meet the requirements of paragraphs 10.3.3.1
. and 10.3.4.5 of the systems specification.

Mancuvering Stability

! 41. Maneuvering stability characteristics were evaluated under the conditions listed
in table 1. The variation of longitudinal control position and control force with
normal acceleration wus determined by trimming the aircruft in coordinated level
flight at a desired trim airspeed and then stabilizing at incremental bank angles
in steady turns, both left and right. Collective control and airspeed were held
constant and the liclicopter was allowed to descend during the manecuver. Data
were recorded at each stabilized bank ungle. The results ol the mancuvering stability

l evaluation in turning flight are presented in figures 56 through 61, appendix G.
42. Stick-Tixed stability was stable (increased aft control position with increased
E load Tactor) and essentially linecar at all conditions tested. Stick-Tree stability was
. also stable at all conditions evaluated, ie, an increased pull force was required to
: increase load factor. Control position und force characteristics, summarized in
. tabic 8, are satisfactory. The average longitudinal control Torce versus normal
acceleration  gradient  was  less  than the 6.0 Ib/g minimum specified in
paragraph 10.3.6.1.2 of the systems specilication, except during right turns at
60 KCAS.
§ 43. The load factors prescnted in figures 56 through 61, appendix G, were

; limited by the ability of the pilot to remain within the test criteria: no sideslip
or airspeed variation and data taken within the test bund of 6000 to 8000 feet
density ualtitude. At the rate of descent experienced during 1.8g turns, the pilot
g had approximately 45 scconds to stabilize bank angle, sideslip, and airspeed, and
0 remain within the allowable density altitude band. Although 1.8¢ turns are the

maximum presented during the low-speed maneuvering stability tests, higher load

lactors were obtained but did not meet the test criteria for stabilized data points.

At higher airspeeds (120 KCAS). the SOFR limit load factor (2.5g at 7000 fcet)
B ,, was casily attained. However, because of the limitations Tor stahilized data points
mentioned previously, the maximum load factor presented is 2.15. The maneuvers
were not limited by control power or vibration at the test conditions.

44. At the higher airspced and bank angle combination, there was a significant
3 inerease in the 2-per-rotor-revolution (2/rev) and 4/rev vibration levels in the lateral
and longitudinal axes. The vibrations at 120 KCAS at load factors in excess of
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i Table §. Maneuvering Flight Summary.' -
'? C:iigrgzgd Gross Direction | Longitudinal|Control Gradient Iﬁ

(115) Wweight? |  of Turn (in./g) (1b/g)
1 g ¢ 58 Light Left 4.3 5.8 b
- 59 light Right 4.9 6.6 .
4 ’ 97 Lipht Left 1.7 3.1 :

E 95 Light Right 2.4 4.6 -
5 - L -
A 121 Lipht Laft 0.9 1.8 -
i 121 Light Right 1.0 2.2 e

61 Neavy Left 3.7 5.0 :

.
4 61 Heavy Right 5.0 7.0 3

4 97 Heavy Left 2.3 4.1 r

b .

1 1
b 96 Heavy Right 2.7 5.0 3
e 122 Heavy Left 1.0 1.4 b
4 y 21 -
1 121 Heavy Right 1.1 3.3 8

e 1Constant—collective, constant-airspeed stabilized turns at
} ' approximately 6500 fcet density altitude; average longitudinal 4
e cg 298.6 inches (aft); lateral cg 0.2 left; 8-TOW configuration; A
3 rotor speed 276 rpm. ‘ 3

% 2/\vemge gross weight: Light ~ 15,240 pounds; heavy - 16,060

g pounds. &
|
9 8
LA &
i .
i o
i .
| 2
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§ 2 were extremely uncomfortable to the pilot. The excessive 2/rev and 4/rev
. vibration levels at high airspeeds and louad factors are further discussed in
' paragraph 114,

Dynamic_Stability

, 45. The longitudinal and lateral-directional dynanic stability characteristics were
4 evaulated in an OGE hover and in forward flight with SCAS ON and OFF. Tests
4 were conducted at the conditions listed in table 1. Data Irom these tests ure
presented in figures 62 through 64, appendix G.

5 46. Short-term gust response characteristics were obtained by rapidly displacing
. the desired control | inch from trim for a duration of 0.5 second and returning
b, the control to tlie trim position while recording subsequent aircraft response. Test
E results are summarized in table 9. A time history of a longitudinal pulse input {
3 is presented in figure 62, appendix G. The short-period response ot the helicopter
was deadbeat below 90 KCAS. llowever, as airspeed was increased above 90 KCAS
there was a tendency for a coupled short-period response in all three axes when
- g individually excited. This short-period response above 90 KCAS will increase pilot l \' .

E workload required to maintain precise attitude in turbulent conditions and is a
3 shortcoming. The short-term response charucteristics of the helicopter lailed to meet
i the requirements of paragraph 10.3.4.2.1d of the systems specification, in that
i small-amplitude, short-period residual oscillations affect mission capability.

% 47. Lateral-directional oscillation (Dutch-roll) characteristics were evaluated by
: releases from steady sideslips in level flight at 90 KCAS, SCAS ON and OFF,
i and at 120 KCAS, SCAS ON. For these conditions, there was no evidence of a
significant lateral-directional oscillation. In all cases, roll attitude returned to trim
with no overshoot. Sideslip returned to trim initially and in all cases stabilized
within 2 degrees of trim.

- 48. When SCAS was disengaged in trimmed, coordinated level flight at 120 KCAS,

‘ the helicopter demonstrated a divergent oscillation in all three axes (fig. 63,

app G). This response will induce excessive pilot workload, and possibly vertigo,

8 during recovery from a loss of SCAS at higher airspeeds under IMC. This divergent

gt oscillation in pitch, roll, and yaw contributes to the deficiency discussed in
b ‘ paragraph 96.

3 49. Spiral stability was evaluated in level flight at 90 KCAS, SCAS ON and OFF,
and at 120 KCAS, SCAS ON. Bank angles were established by using directional
& control only and then returning the directional control to trim. From a 10-degree

3 right bank angle at 90 KCAS, SCAS ON and OFF, tlie aircraft demonstrated neutral
i spiral stability. From a 10-degree left bank under the same conditions, the spiral
! mode was weakly convergent, with a time to half amplitude of approximately
8 seconds. At 120 KCAS, SCAS ON, right wing low, spiral stability was weakly
convergent (time to half-amplitude, 10 seconds) and left spiral stability was neutral.
The spiral stability characteristics were satisfactory.
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Table 9. Short-Term Rcsponse1
Ln!Jbrated Axis Period | Damping Cycles to
Airspeed . . .
(kt) Excited (sec) Ratio One-Half Amplitude
Hover All = Deadbeat =
! 55 All = Deadbeat =
90 Lateral - Deadbeat =
90 Longitudinal - Note? -
A { 90 Directional - Note? -
£ | )
’ﬁ/ . 120 Left lateral = Note* =
3 120 Right lateral - Note? -
120 G - Note? -
longitudinal
[
_‘ i
. 120 Aft longitudinal 4.25 0.29 0.36
3 120 Directional - Deadbeat -

e recovery.
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‘Approximate test conditions: Mission gross weight, aft cg, 8-TOW
e configuration, SCAS ON, level flight.
i “One overshoot observed during controls—-fixed delay
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50. Adverse/complementary yaw characteristics were evaluated at 90 KCAS, SCAS
ON and OFF, and at 120 KCAS, SCAS ON, using cyclic-only turms and roll
reversals. No adverse or complementary yaw response wuas cbserved.

51. Longitudinal long-term response characteristics were evalnated in level flight.
Test conditions and results arc summarized in table 10. At 87 KCAS, the
long-period response was lightly damped with SCAS OFF and divergent with SCAS
ON (3.68 cycles to double amplitude). A time history of this divergent long-period
response is presented in figure 64, appendix G. Of particitlar interest is that at
87 KCAS, the long-period oscillations (SCAS ON and QFF) began with no control
inputs. At 120 KCAS, SCAS ON, a 10-knot disturbance from trim was required
to excite tlie long-term response. In all cases, it wus readily recognized and easily
corrected, using either outside refcrences or cockpit instruments. However, it is
anticipated that airspeed excursions generated hy the long-term response in IMC
will increase pilot workload. The long-term response characteristics are a
shortcoming and fail to meet the requirements of paragraph 10.3.4.2.1e of the
systems specification in that they will be objectionable during IMC flight.

Table 10. Longitudinal Long-Term
Response Characteristics'

Pezriod \
Flight Condition Excitation (se:‘:()) Damping Ratio
87 KCAS, SCAS ON None 29.0 -.03
7 KCAS, SCAS OFF None 21.5 .22
120 KCAS, SCAS ON 10 knots from trim Deadbeat =

'Approximate test conditions: Mission gross weight, aft cg, 8-TOW
configuration.

52. Coupling between collective control inputs and roll attitude was observed
following rapid l-inch inputs to the collective at 90 KCAS, SCAS ON. With all
other controls fixed, a 1-inch up-collective input produced a right roll of 16 degrees
in 5 seconds; a l-inch down-collective input produced a left roll of 13 degrees
in 5 seconds. Although the resultant roll rates were mild, they will increase pilot
workload during instrument flight. The excessive rolling moments created by
collective input are a shortcoming.

Controllability

53. Controllability tests were conducted to evaluate the control power, response,
and sensitivity characteristics of the aircraft. Controllability was measured in terms
of aircraft attitude displacements (control power), angular velocities (control
response), and angular accelerations (control sensitivity) about an aircraft axis
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following @ rapid step coutrol input of a measured sizc. Following thc input all
controls were lield fixed until the maximum rate was rcaclied or recovery action
was necessary. The nagnitude of the inputs was varied by usiug an adjustable rigid
control fixture. Controllability tests werc eonducted under the conditions listed
% in table 1. Controllability characteristics arc shown in figurcs 65 through 80,
appendix G.

k/ 54. Lougitudinal  controlfability  charaeteristies are presented in figures 65
E throughh 69, appendix (. Control power (pitch attitudc ehange after 1 second
: following a lt-inch input) varied from 2.6 dcgrees at 95 KCAS with a forward
input to 4 1 degrees at 120 KCAS with both forward and alt inputs. Longitudinal

P control respouse varicd from a1 minimum of 8 degrees per seeond per ineh
? {deg/sec/in.) of control displacement at 95 KCAS with a fomvard eyelic input to
3 ' 13 deg/sec/in. with a Hor\vard input in a lover. Centrol spusigiyitv was the highest
A i a hover (12 deg/see=/in.) with a forward input and at a minimum with a forward
L mpntat 95 KCAS (9.1 deg/sec2/in)).  The longitudinal  eontrollability
g characteristics permitted smooth, precise control of aircraft attitude and airspeed
- at a hover and in low-speed forward flight.

] 55, Lateral controllability characteristics are presented in figures 70 throughi 74,
| appendix G. Control respouse in roll was low, with the maximum response
-.’ occurrmg at 95 KCAS with a right cyclic input (12.4 deg/see/in.). Roll control
A response in a hover was 10.5 dcg/seef/in. with both left and right lateral control
& inputs. The low control response resulted in pilot comments that the aircraft felt

stuggish 11 roll. The low control response in roll is a shorteoming. !

56. Dircctional  controllability  charaeteristies are presented in figures 75
through 80, uppendix G. Maximum directional control power, response, and
sensilivity ocenrred 1 a hover. Pilots have lauded the ease of maintaining direetional
3 control while hovering. The combination of exeellent direetional and longitudinal
i controllability characteristics resulted in an extremely responsive aircraft in
low-speed Bight. which was substantiated by pilot eomments during NOE flying.

Lateral_Acceleration

b ; 37, Lateral aceeleration manenvers were aceomplished from a vertieal maximum
performance  climb under the conditions listed in table 1 and discussed in
paragraph 16. A representative time history of the lateral aeceleration mancuver
i is presented m figare 29, appendix G.

i

f“ 58. Desired bank anglc was easily acquired and maintained throughout the
& mancuver. Piteh control required constant correetion, resulting in a pitch attitude
g oscillation. The most dilficult aspeet of the maneuver was maintaining a heading
o perpendicular to the flight path. As the aireraft aeeelerated in sideward flight,
directional countrol requircd to maintain heading inereased. As depieted in figure 29,

appendix G, less than 6 seeonds after initiating the right lateral aeeeleration the
directional control was against the left stop. Even with the eontrol against the
stop, the right yaw increased. Recovery from the maneuver was aeeomplished by
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adding directional control in che direetion of flight, allowing the aircraft to continue
in forward flight. Thc inadequate directional control margin in right latcral
accelerations is a deficiency and fails to meet the requirements of
paragraph 10.3.9.1.2 of the systems spccification.

Ground Handling Characteristics

59. Ground handling characteristics wcre evaluated throughout the test program.
Taxi opcrations were confined to paved surfaces and a dry lake bed in winds up
to 15 knots. It was possible to initiate forward motion using cyclic only (to within
20 percent of full forward). However, considcrable main rotor flapping was
cxperienccd and airframe vibration level was high. These vibraticns could be reduced
by increasing collective to initiate forward movcment. Toe brakes were required
to stop the helicopter, sinde airframe vibrations becamc uncomfortable as the cyclic
was displaced aft of its neutral position. To achieve full braking action, the pilot
was required to remove his feet from the rudder pedals, shift them to the top
of thc pedals, and then rotate his feet forward to a position approaching the
horizontal. Additionally, excessive force on the brakes was requircd to stop the
aircraft. During braking, directional eontrol was difficult (HQRS 5). The awkward
foot movement required tor toe brake application and the marginal effectivencss
of the brakes are shortcomings.

60. Taxi turns at normal taxi speed (fast walk) witli neutral cyclic generally
resulted in an uncomfortable outside-wing-down attitude (2 to 3 degrees). The
cxtent to which the wing dipped was a function of taxi speed and oleo servicing
(ie, the higher the oleo pressure, the faster the turn could be made without
producing an excessive wing-low attitude). Lateral cyclic, when applied in the
direction of the turn to compensate for the wing-low condition, tcnded to increase
airframe vibrations. As a result, with underserviced oleos, pilot workload during
taxi turns was extremely high; with properly serviced oleos, workload was reduced
considerably (HQRS 3). Prccise directional control during changes in heading
required negligible pilot effort.

61. Normal procedures require the nosc wheel to be unlocked for all taxi turns
and locked during takeoff and landing and when the helicopter is parked. To unlock
the nose wheel, the pilot must reach down and forward past the cyclic to push
in the nose wheel lock handle on the console. To move the handle, the pilot must
first have the helicopter in forward motion and then must vary heading with the
rudder pedals while applying prcssure to the handle. The awkward procedure
required to unlock the nose whecl produces an excessive workload during the initial
phases of taxiing and is a shortcoming.

Takeoff and Landing Characteristics

62. Takeoff and landing characteristics were qualitatively evaluated throughout
the test. Operations were conducted in surface winds varying from calm to
maximum gusts of 25 knots. The force feel sysiam (FFS) and SCAS were ON
and nose gear locked for the test. The evaluation included lift-off to and touchdown
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from a hover, normal takeoffs and landings, simulated confined area takeoffs and
landings, and running takeoffs and lundings.

3 63. The lift-off to and touchdown from a hover were characterized by small
§ changes in control position and helicopter attitude., The hover attitude for the
" aft cg configuration and caim winds was 2 degrces left wing down and 2 degrees
nose-up. A soft touchdown from a hover often resulted in uneven depression or
sticking of the main gear oleos. A stuck oleo resulted in bank attitudes up to
5 degrees and made ground taxi slightly morc difficult. Even compression of the
oleos could be obtained by rapidly decreasing the collective once the helicopter
was light on the gear. This technique was normally adequate to cause simultaneous
compression of the oleos but also resulted in main rotor speed as high us
| ’ 103 percent. The lift-off to a hover often resulted in uneven extension of the

I o

;. oleus, thereby causing slight roll oscillations. Uneven compression/extension of the
i oleos on consecutive takeoffs and landings was normally an indication that the
E gear needed servicing. The sticking and uneven compressicit/extension of the main

gear oleos was annoying during takeoffs and landings, increased pilot workload
during ground taxi, and is a shortcoming.

64. Normal transitions to forward flight from a hover were characterized by a
pitch-down tendency as the helicopter accclerated through translational lift. Aft
cyclic and a slight increase in power were required to prevent the helicopter from
descending. Once through translational lift, forward longitudinal movement was
required to continue the acceleration. At liigh density altitudes a left lateral input
of approximately 1 inch was also required. As airspeed was increased to 60 KIAS

. power was reduced, and right pedal was required. The large directional control
& shift noted during a normal takeoff in the & TOW configuration is a shortcoming
L (para 31).

65. Normal transitions from forward flight to a hover in the 8-TOW configuration
# were characterized by a pitch-up tendency betwcen 55 and 45 KCAS. This
characteristic is evidenced by the control position plots for trim forward flight
(figs. 43 and 45, app G). The deceleration prior to this airspeed required a gradual

& aft movement of the longitudinal control position. During deceleration through
’ i 55 KCAS a forward longitudinal control input was required to counter the pitch-up

3 ‘ tendency. This forward position of the cyclic was maintained until the helicopter
had decelerated through translational lift, after which aft cyclic was required to

. continue to decelerate to a hover. The longitudinal control reversal to counter

b the change in helicopter attitude during approach to a hover was less than 1/2 inch:
; however, it resulted in an increase in pilot workload during the landing, prevented
a smooth deceleration to a hover, and is a shortcoming.

66. Confined area takeoffs and landings were simulated by executing vertical
climbs with a transition to forward flight and steep approaches to a hover. The
vertical climb portion of the takeoff required only the addition of power while
maintaining the hover attitude. The transition from vertical climb to forward flight
required a smooth application of forward cyclic to start the forward acceleration.
Minimal pilot compensation was required during this transition to prevent the

e
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helicopter from descending (1IQRS 3). The steep approach was similar to the
normal approach, in that forward cvclic was required between 55 and 45 KCAS
to prevent the tail from dipping.

67. Running takeoffs and landings were muade from a hard-surfaced runway.
Running takeoffs were made by increasing the collective sufficiently to establish
a forward roll and then allowing the aircraft to fly otf the ground. Lift-off speed
was varied from 20 to 45 knots. The helicopter control position and attitude
changes were negligible and pilot compensation was not a factor (HQRS 2).
Running landings were made by flying the helicopter to the ground and touching
down at airspeeds below 50 KIAS. lelicopter attitude during the approach was
held constant and collective was used to control the descent rate. Pilot
compensation was not a factor during the touchdown phase of the running landing
(HQRS 2). Once the helicopter was on the ground, the fect had to be repositioned
to operate the toe brakes. This contributes to the shortcoming discussed in
paragraph 59.

Low-Speed Flight Characteristics

68. Sideward, rearward, und low-speed forward flight tests were conducted at
approximately 4000- and 11,000-foot density altitudes at the conditions listed in
table 1. Tests were conducted in winds of 3 knots or less at a wheel height of
10 feet. Data are presented in figures 81 through 84, appendix G. A ground pace
vehicle was used as an airspeed reference. The tests were greatly complicated at
11,000 feet because of insufficient engine power margin. The engine measured gas
temperature (T4.5) limit was reached at about 20 KTAS in rearward and left
sideward flight. To obtain left sideward flight airspeeds in excess of 20 KTAS,
it was necessary to accelerate to the desired airspeed in forward flight and then
make a pedal input to turn the aircraft into sideward flight. To obtain rearward
flight airspeeds in excess of 20 KTAS, the aircraft was allowed to descend from
a high hover as it accelerated rearward. In both sideward and rearward flight, power
required for level flight decreased with increasing airspeed above 20 KTAS, and
stabilized data at higher airspeeds could be obtained. At the 4000-foot density
altitude, adequate power margins were awvailable at all test conditions.

69. Adequate control margins in all axes were available throughout the tests at
both altitudes (greater than 10 percent of full travel remaining). However, it should
be noted that right sideward flight at the high-altitude site was limited to 10 KTAS
by the SOFR. This is an unacceptable limit for operational aircraft. Also, only
1 inch of aft longitudinal cyclic travel remained at 45 KTAS in left sideward flight
at the high-altitude site. Although this margin was considered adequate during these
tests (cg location 2.9 inches aft of the forward limit), at a forward cg location there
may be inadequate longitudinal control remaining. A similar large aft longitudinal
control displacement is required in left sideward flight at the lower altitude.
Although considered adequate during these tests, the aft longitudinal control
margin in left sideward flight will not produce the 15 deg/sec angular rate required
by paragraphs 10.3.3.1 and 10.3.9.1.1 of the systems specification.
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70. Large control trim shifts about ali uxes were encountered at transtational lift
airspeed (ap proximately 20 KTAS). The magnitude and abruptness of the trim
shifts varie¢ somewhat with altitude and direction of flight. The abrupt trim shifts
would greatly increase pilot workload to hover in a gusty wind of approximately
20 knots. The longitudinal trim shifts in left sideward and low-speed forward flight
were particularly annoying. Trim shifts as large as 1.3 inches were encountered
(fig. 81, app G). The abrupt longitudinal trim shifts in left sideward and low-speed
forward flight are a shoricoming.

71. Handling qualities in rearward {light were excellent. Airspeed and attitude
control were easily accomplished to the limit rearward airspeed of 45 KTAS. During
pedal turns when recovering from rearward flight. aircraft attitudes and yaw rate
were easily controlled. The excellent handling qualities in rearward flight will
significantly enhance the ahility to accomplish tasks when hovering in downwind
conditions (eg, air taxiing und target acquisition with a tail wind).

Power Management

72. The in-flight power management of the YAII-63 was qualitatively evaluated
throughout the test. The YT700 control system was designed to automatically
control the functions of fuel metering, compressor bleed and variable geometry
control, power modulation for rotor speed control, and engine overspeed protection.
The system also incorporates control features for torque matching and
overtemperature protection. Pilot control is provided by the power available spindle
(PAS), load demand spindle (LDS), and the rotor speed reference input (trim
wheel). The PAS function is s'milar to that of the engine condition lever on previous
helicopters, ie, to adjust the power available from the engine. The LDS position
is a function of collective pitch and provides collective compensation to reduce
roter transient droop. The rotor speed reference input is a single electrical
potentiometer on the pilot collective conirol that adjusts both engine speeds
simultanzously. The specific problems of power management noted during this
evaluation were the difficulty in precisely selecting the desired rotor speed, the
poor rotor speed governing characteristics, and the slow engine response rates that
allowed excessive rotor speed droop.

73. The difficulty associated with selecting a desired rotor speed was noted
throughout the test. The engine response to an adjustment of the engine trim wheel
was immediate; however, the resulting rotor speed oscillations required several
seconds to damp sufficiently to determine if the desired rotor speed was obtained.
This problem was especially objectionable during single-engine failure tests when
the operational engine was at or near topping power. The procedure for an engine
failure includes the adjustment of rotor speed to 279 rpm (101 percent) for
single-engine flight. Following a single-engine failure, the pilot must make multiple
adjustments of the engine trim to obtain the desired rotor speed. The difficulty
in selecting the desired rotor speed (HQRS 5) is a shortcoming (para 104).

74. Poor rotor speed governing characteristics were noted throughout the test,
but were most objectionable during maneuvering flight. The requirement for rapid
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and frequent collective adjustmcnts during NOE flight resulted in continuous rotor
speed fluctuations outside the normal operational range. Although the fluctuations
were within the transient rotor speed limitations, they actuatcd the rotor speed
warning light. During NOE flight, the pilot's attcntion must be concentrated almost
exclusively outside the helicopter; therefore, the illumination of the rotor speed
warning light causes division of the pilot's attention, which may jeopardize safcty
or mission effectiveness. The poor governing charactcristics that allow rotor specd
fluctuations outside the normal operational range arc a shortcoming.

75. The slow engine response rate was evident during maneuvers requiring high
power demands from low power conditions. This was especially evident during
quick stops from high-speed flight where the collective was complctely lowered
during the flare to minimize the stopping distance. As flarc effectiveness was lost,
a rapid power application was required to prevent excessive descent rates. This
rapid power demand resulted in transient rotor speeds as low as 90 percent.
Preliminary test results indicated that pilot techniques nccessary to prevent rotor
droop would result in excessive stopping distances and seriously affect the combat
effectiveness of the helicopter. Excessive transient rotor speed droop following a
rapid power demand from a low-power condition is a deficicncy. This problem
is further discussed in paragraphs 81 and 136.

Mission Maneuvering Characteristics

76. The mission maneuvering capability of the YAH-63 was evaluated by
conducting NOE flight, contour flight, high-speed low-level flight, bob-up
maneuvers, accelerations, and decelerations. The tests were conducted at the
conditions listed in table 1.

77. Nap-of-the-earth flights, contour flights, and high-speed low-levcl flights were
evaluated over rolling desert terrain with sparsc vegetation and over mountainous,
wooded terrain. The field of view (area free of obstructions) from the forward
cockpit was much improved over the rear seat of prescnt attack hclicoptcrs. The
improved field of view resulted in better depth perception and was instrumental
in attaining maximum capability from the helicopter and maximum utilization of
terrain for cover and concealment. Visibility was also improved, in that canopy
distortion and reflections on the canopy were greatly reduced. Additionally, the
weak static longitudinal stability at the lower airspeeds (para 35), coupled with
the improved depth perception, enhanced the pilot's ability to control airspeed
and to maneuver. The resulting pilot confidence reduced the stress and fatigue
of NOE, contour, and low-level flight. The improved ficld of view and visibility
from the forward cockpit and the ability to accurately and rapidly control airspeed
during NOE flight are enhancing characteristics that will significantly improve the
mission maneuvering capability of the helicopter.

78. During the NOE, contour, and iow-level flight evaluation, airspeed was varied
from below translational lift to never-exceed airspeed (VNE). The large longitudinal
control shift at translational lift and the large shifts from forward to lateral flight
resulted in very high cyclic control forces, especially during NOE flight. As an
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example, from 30 KTAS lorward flight, a rapid right pedal turn would elfectively
put the helicopter in left latcral flight. The longitudinal control shiit during this
maneuver required an aft cyclic input of 2.5 inches. The forces resulting from
such large cyclic movements were in excess of 5 pounds and prolonged operation
against such forces was fatiguing. To relieve these high forces, the force trim relcase
button (photo 1) had to be depressed at all times. Disengagement of the FFS
switch on the automatic flight control svstem (AFCS) panel (photo 2) resulted
in much higher forces. The uncomfortable position of the trim release button under
L the right thumb position on the cyclic grip, and the requirement to constantly
depress the button, resulted in rapid fatigue of the right hand. Additionally, the
same thumb was required to operate the intercom and radio transmit buttons,
and therefore the constant depression of the trim release button interfered with
necessary radio and intercom operations. The lack of a feature to relieve all control
forces without the requirement to hold the trim release button down accelerated
pilot fatigue, interfered with radio/intercom operations, and is a shortcoming.

79. Bob-up maneuvers were evaluated to determine the ability to unmask, simulate
target acquisition, and remask. The luvorable helicopter stability, directional control
(para 56), and pilot lield of view and visibility in a high OGE hover permitted
target acquisition with minimum pilot cffort. Additionally, the vertical climbs and
descents for unmasking and masking were easily accomplished with small control
trim changes (HQRS 2). Settling with power was not encountered.

80. Maximum ucceleration was evaluated to determine the helicopter dash
capability. The dash was initiated from a stopped position with wheels on the
ground. The dash was performed by rapidly increasing collective to maximum power
while maintaining low-level flight over a 3000-meter straight course. Power had
to be reduced between 2000 and 3000 meters to prevent airspeeds in c¢xcess of
VNE. Helicopter control during the dash was easily maintained (HQRS 2). Torque
tended to decrease slightly as airspeed increased and several increases in collective
position were required to maintain maximum power; however, satisfactory
performance required only minimal compensation (HQRS 3).

81. Quick stops werc evaluated from 65 and 115 KIAS to determine handling

) , qualities during this mission task. Constant altilude was maintained during the
h deceleration. Two problems were noted during the quick-stop maneuvers that
k- increased pilot workload and prevented maximum deceleration of the helicopter.
The initiation of the quick step, especially from the high airspeed, resulted in
55 a tendency for the rotor to overspeed. A rapid reduction in collective, coupled
o with a rapid flare, resulted in rotor speeds in excess of the allowable transient
i power-on limit (105 percent). To prevent rotor overspeed, collective was reduced
B more slowly and the flare was gradual. This technique was adequate to prevent
b rotor overspeed; however, it resulted in a significant increase in stopping distance.
The termination of the quick stop resulted in the second problem of excessive
5 transient rotor speed droop. Once the effectiveness of the flare was lost, a rapid
i ) application of power was required to prevent a descent and to further decelerate,
zdz The acceleration of the engines was too slow to meet the power demands. As
4 a result, rotor speed drooped below the allowable transient power-on limit
3
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Photo 1. Pilot Cyclic Grip-
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Photo 2. Left Side Pilot Cockpit.
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(94 percent). To prevent rotor speed from drooping, a gradual applieation of power
was required to anticipate the loss of flare effectivencss. This teehnique also resulted
‘ in an inereased stopping distince. The cxcessive transient rotor speed droop
5 following a rapid power demund from a low-power condition is a deficicney.

Weapons Firing

General:

82. Aireraft SN 74-22246 wax used to conduct the weapons firing tests. The
weapons fired were the XMIBS (30mm) weapon system and FFAR. The firing
A was eonducted under the conditinns listed in tables 11 and 12. The TOW missile
b weapon system was not installed on the test aircraft.

XM188 Weapon System Firing:

83. During the XMI88 firing tests, 348 rounds of 30mm ammumition were fired.

3 Except when abnormal stoppages occurred, all data for each firing condition were
';’ eollccted using single 25-round bursts. The firing tests produced very low noise
b and airframe vibration levels. Only in the 90-degree left azimuth position was any

significant aircraft respouse to weapons firing observed. With the weapon in this
side firing position, the initial rounds of the 25-round burst caused a slight roll

b and yaw response whieh were easily controlled under all test conditions (HQRS 3).

; No noticeable aircraft response resulted from the abrupt slewing of the turret to

- its firing position. Weak gun-gas odcer was detected during all firing conditions in ]
. whieh the gun barrels were elevated. The environmental eontrol system (ECS) was

b . ON throughout the tests and the noticeable gas odor dissipated within 15 seconds.

- Firing stoppages were experienced five times during the tests. The first and fifth

. resulted from a fouled gun drive motor. The absence of a fairing to proteet the

3 gun from dust and debris scriously degraded gun reliability while operating from

i unprepared sites. The sceond stoppage resulted when the feeder delinker solenoid

3 failed to disengage, the third resulted from a slipping ease ejector eluteh, and the -
£ fourth occurred when a link jammed in the feeder delinker. The repeated failure
k. of the XM188 weapon system is a deficiency whieh will severely degrade mission

effeetiveness.

Folding Fin Aircraft Roeket Firing:

84. Thirty-two rockets (8 rockets from eaech of the four M200A1 pods) were
. fired in a ripple mode at 90 KIAS in level flight without any signifieant effects
on aireraft handling qualities. Although a slight deceleration was detected, it was
: not objectionable. Under all other test eonditions, rockets were fired with little,
if any, noticeable aircraft response. Eight rockets were fired in a ripple mode with
the pods depressed 20 degrees and the aircraft hovering OGE. A similar firing was
i accomplished with the pods elevated 16 degrees. Aircraft response was mild and

OGE Tover was easily maintained with minimal pilot effort under both test
conditions (HQRS 3).
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Table 11. Firing Conditions. ;

4 XM188 (30mm Nose Turret) :

B o

Indicated Gun Gun Ammunition

Airspeed Azimuth Elevation Expended g
- o (kt) (deg) (deg) (rnd) g
; Hover Zero Zero 25 “L:
f ! Hover Zero 10 up 25

X

40 Zero Zero 25 ]
;, 40 Zero 10 wp 25

ﬁ 40 Zero 45 down 25

i
l 120 Zero Zero 25
[ 120 Zero 10 up 25
-
8 120 Zero . 45 down 30 s
- Hover 90 left Zero 30!
o
gt !
“ Hover 90 left 10 up 242 i
i 40 90 left Zero 143 i
g 40 90 left 10 up 25
A ;
, 40 90 left 45 down 25 4
3 . 1
b 120 90 left Zero 25 '
18 - -
“ ! Abnormal stoppage at 5 rounds on first attempt; point refired. .
23Abnorma1 stoppage at 24 rounds. N
Abnormal stoppage at 14 rounds. -
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Table 12.

(2.75-inch FFAR)

Firing Conditions, Aerial Rocket Subsystem.

Indicated Rockets
, 1 Rockets n .
Airspeed Fired Per Firing
(kt) Pulse

Firing
Pulses

Interval
Between
Pulses
(millisec)

Launcher
Position

(deg)

90 4 1

170

Zero

90 4 2

3]

170

Zero

90 8 4

X3

170

Zero

90

70

Zero

120

Zero

120

Zero

120

Zero

120

Zero

Hover? 1 1

NA

Zero

Hover? 1 1

NA

Zero

Hover? 2 1

170

Zero

Hover? 3 1

170

Zero

Hover? 4 2

170

20 down

Hover? 8 A

170

20 down

Hover? 4 2

170

16 up

Hover? 8 4

2

170

16 up

20GE.

'Flight path was level for all test conditions.

%4 pulses were intended to fire 4 rockets, but one rocket was bad.
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Instrument Flight

85. The instrument flight capability of the YAH-63 helicopter was evaluated
throughout the test. Because no navigational equipment was installed in the
prototype helicopters, the instruinent flight evaluation was limited to helicopter
handling qualities during simulated basic instrument flight. Pilot workload was
evaluated during instrument flight tasks such as airspeed and altitude control,
standard-rate turns, climbs and descents, and radar controlled approach. Several
characteristics noted throughout the development testing contributed to poor
handling qualites during simulated instrument flight and are discussed individually
in the following paragraphs.

86. Precise altitude and airspeed control during level flight was difficult due to
the weak to unstable static longitudinal stability noted in paragraph 34 and the
long-term oscillations noted in paragraph S51. The effecis of the undamped
long-term oscillation below 100 KIAS resulted in increasing airspeed and altitude
excursions from trim unless damped by the pilot. Although the pilot could control
the long-term oscillation with moderate effort (HQRS 4), the added workload
would hasten pilot fatigue. The undamped long-term oscillation was not apparent
at airspeeds above 100 KIAS; however, other problems encountered at higher
airspeeds are discussed in succeeding paragraphs.

87. A significant change in longitudinal trim position as a result of changes in
sideslip angles contributed to difficulty in stabilizing airspeed during turns. The
sideslip excursions resulted in pitching moments, which caused poor airspeed control
during the turn. The longitudinal trim change required due to sideslip was more
significant at higher airspeeds and correspondingly, the difficuliy in maintaining
airspeed and attitude increased with airspeed. At airspeeds above 100 KIAS the
pitch oscillations caused by sideslip excursions, coupled with the high cyclic
control forces (para 78), resulted in flight conditions conducive to pilot-induced
oscillations. Climbs and descents during turns did not significantly increase pilot
workload.

88. The high control forces (para 78) were objectionable during farns, climbs,
and descents unless the aircraft was retrimmed for the flight condition. For
instrument flight, it is preferable to establish aircraft trim at the level flight
condition and not change the trim setting for turns or climbs and descents. Control
forces increcased and became more objectionable as airspeed was increased.
Additionally, the high breakout forces resulted in overcontrol and contributed to
the pilot-induced oscillation tendency.

89. Loss of SCAS at high airspeeds resulted in divergent oscillations (para 48).
Control of the helicopter under such failure conditions was very difficult (para 96)
and would be particularly difficult in IMC.

90. Vibration (drumming) of the flat-plate canopy (all panels) was noted
throughout the test and contributed to pilot discomfort and fatigue during
cross-country and IMC flights. The predominant frequency was qualitatively
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determined to be a 2/rev frequcncy. Not only could the vibrations be physically
felt, but the flicker of reflections and noise gencrated by the vibrations were
objectionable. The flicker of reflections was also within the frcquency band (4 to
20 Hz) that contributes to flickcr vertigo (ref 7, app A). Drumming of the
flat-plate canopy is a shortcoming.

91. All the helicopter radios arc located in the forward (pilot) cockpit on the
side consoles. To tune the radios or to position the transmitter select knob, the
pilot was required to look down and to thc sude. Additionally, the radios do not
have preset channel capability, and thcrefore, the time to change frequencies was
excessive. The communications radios and the transponder were also located on
different sides of the cockpit, requiring a shift of hands on thc cyclic as well
as a shift in head position should a transponder change be required. The position
of the head and the shift from one side to the other to tunc the radios and
transponder were conducive to vertigo. The requirement to manually tune radios
during NOE flight is a deficicncy. The undesirable location of the communications
radio, transponder control pancls, and transinitter selcct knob is a shortcoming.

92. The short-period gust response of thc helicopter was dcadbceat at airspeeds
below 90 KCAS with SCAS ON. However, as airspecd was increased above
90 KCAS there was a tendcncy for a coupled short-period response in all three
axes (para 46). This short-period response will incrcase pilot workload during tasks
requiring precise attitude control during turbulent conditions. Since some
turbulence should be expected during IMC, especially during the approach phase,
the short-period gust responsc contributcs to the poor instrument flight
characteristics of wne helicopter.

93. The vertical baffles installed on the pilot instrument panel restricted visibility
of several flight and engine instruments. This problem is further discussed in
paragraph [24n.

94, The characteristics listed in the preccding paragraphs individually and
collectively degrade the instrument flight capability of the YAH-63 helicopter.
Below 100 KIAS the instrument flight capability is marginal and above 100 KIAS
the handling qualities and SCAS failure response arc degradcd beyond a safe
operational degree. The YAH-63 handling qualities at airspeeds above 100 KIAS
were unsatisfactory for IMC flight and constitute a dcficiency.

Aircraft Systems Failures

95. Failures of the SCAS, FFS, and hydraulic systems were evaluated. Two types
of SCAS failures were evaluated: loss of SCAS in all axes (disengagement) and
hardover failure in one axis. The two types of force feel failures were complete
failure of force (disengagement) and runaway trim failure. The two types of
hydraulic failures evaluated weie single-system and dual-system failures.

96. Complete loss of SCAS was evaluated by turning off the SCAS with the SCAS
control switch. Pilot workload required to fly the aircraft following a complete
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SCAS failurc was a function of airspeed. At an airspeed of 100 KCAS or less,
flight in visual reference conditions could be safely conducted, with the major
objectionable characteristics being a coupled oscillation in the pitch, roll, and yaw
axes. At airspeeds in excess of 100 KCAS the oscillation was divergent and damping
decreased as airspeed increased. At 130 KCAS, intense pilot compensation was
required to contro! the aircraft. The divergent oscillation about the pitch, roll,
and yaw axes at greater than 100 KCAS with SCAS disengaged is a deficiency
(para 48).

97. During one flight the yaw SCAS failed twice because of a malfunction in
a rate gyro. The SCAS monitor system in both cases disengaged the yaw SCAS.
The first cue to the pilot that yaw SCAS had failed was the yaw SCAS caution
light on’ the caution panel. No aircraft response associated with yaw SCAS failure
was noted. In a separate incident, when transfer of aircraft control in a hover
was made from copilot to pilot, the copilot accidentally disengaged the SCAS and
FFS by pushing the SCAS disengage switch on the cyclic. The pilot was immediately
aware of loss of SCAS by the oscillation associated with complete loss of SCAS.
A slow run-on landing was made from the hover (HQRS 5).

98. Hardover SCAS failures were evaluated by introducing 100 percent hardover
signal into the SCAS with a pulser box (electronic test device) which allowed
selection of any control axis and direction of failure. SCAS hardovers produced
no adverse aircraft reactions. Following failure of single yaw, roll, or pitch SCAS,
pilot workload to maintain control was negligible. Flight in visual refererce
conditions could be continued following a SCAS hardover in any one axis. Time
histories of representative SCAS hardovers are shown in figures 85 through 87,
appendix G. The lateral SCAS hardovers failed to meet the requirements of
paragraph 10.3.2.7.1 of the PIDS in that, within 3 seconds, the roll rate exceeded
10 deg/se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>