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DISCLAIMER NOTICE

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

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed. Do not return it to the ouiginatar.

TRADE NAMES

The u se of trade names in this report does not constitute an official endorsement
or approval of the use of the commercial hardware and software.
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The United States Army Aviation Engineering Flight Activity conducted an Army ‘
Preliminasy Evaluation of a YAW l R helicopter, SN 70-16936, wIth the Kaman 
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hnproved main rotor blade, designated K-747, Instafled . The tests were conducted - 
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to determine azltablllty for future Army testing and any performance differences
with the K-747 rotor Installed. The main rotor blade Includes an advanced design ~—airfoil, a tapered tip planform, composite material construction, and a multicell, —
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20. Abstract V ~~

—

~~~- ballistically tolerant spar. The helicopter was tested from 26 November through
6 December 1976 at the Kaman Aerospace Corporation facility in Blooinfteld,
Connecticut During the test, eleven flights were flown for a total of 13.0 flIght
hours, 9.9 of which were productive.. Test results indicate that the YAH-l R with
the K-747.rstor has an Increase in hover performance over the YAM-iS. A level. •— -
flight performance improvement above 60 -knots true airspeed became more
pronounced as weight and altitude were increased. Climb and autorotatlonal descent
performance, static and dynamic stability, and mission maneuvering characteristics
remain essentially unchanged from previous AN-I helicopters. Qualitatively, there
was a decrease in noise levels with the K-747 rotor. Simultaneous stability and
control augmentation system (SCAS) hardovers occurred In all axes on five
occasions during this evaluation.jhe lack of SCAS troubleshooting procedures In
AH-l organizational malntenan~~ publications Impeded timely correction of the
problem and precluded completing all planned tests within the calendar time
constraints. No deficiencies were fd~nd, and a total of eight shortoominga were
noted, none of which were assoclat with the K-747 rotor, and most have been
previously reported on All-I 1Ielicop~~s.
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taproved )tain Rotor liMe tustalled on a T&R-1R Eslicopter
June 1977

SEE DISTRINUTION

1. The purp os. of this latt er is to present tb . Director at. for Develop—
aent and ~~gin.ering position on the subject report .

2. Specific co ents by paragraph are:

a. Abstract , 11th sentence — While the test results did indicate
that the TAR-il with 1-747 rotàr blades has an increase in bower per-
foruance over the AZ—iS, the aegnitude of the tests conducted were not
suff icient to define the extant of the ieprovaasut.

b. Para graph 42 - Agre. with the general conclusions of this report.

c. Paragraph 43 - The five shortco.ings identified in this paragraph
have been describ.d in previous WA reports. These sbortconings have
been addressed and no corrective action is d:~~~i necessary except for
correction of inadMlaate lo, airspeed cues. This sbortcoaing will be
corrected on the )~ demnised AR—iS.

d. Paragraph 44 - Correction of cited sbortcc.ings is addressed in
paragraph 2c above.

:~ .. ~~~~~~~~ 45 - Tb. )krconi Avionics Air Deta Bystan will be
• installed in all Nsdatuized AR—IS helicopters.

f. Para graph 46 — Sufficient SCAS troubleshooting procedure. hove
• .. 

~~~ ~~~~~~~~ —1 gr coneain.d in ‘~~( 35- 1520—236—23.

g. Paragraph 47 — Increasing the published sidsuard vslocity u nit
above 35 hoots has b e n  considered hot the r.quiz~~~~t has not b.on
subst tiated.

h. Paragraph 48 a, b, - The are.. listed are being considered
for furt her t st  projacts.
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SUIJECT: USAAZFA Project No. 76-07 Amy Prel4~4w-.vy Evaluation, taproved,

Main Roto~~~lade Installed on a TAR-il Eslicopter, June 1977

i. Paragraph 58c — Contractor developasut test data baa bean
thoroughly reviewed and no adverse characteristics or trends have been
noted.

k. Appendix A Reference 15 - L.w~ Report No. should be T-705 not
T—701 as listed.
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• INTIODUCTION

BACKGROUND 

-

1. The United States Army Aviation Systems Coemand (AVSCOM) since
redesignated the Army Aviation Research and Development Cosuand
(AVRADCOM) awarded a development contrac t to Reman Aerospace
Corporation (KAC) in May 1975 to design, fabr icate, and test an
improved main rotor blade, designated 1—747 , for the AR—i series
helicopter. The design objectives of the program were to provide
improved hover perfor mance , reduced ballistic vulnerabi lity , and
improved reliability and maintain ability charac teristics. In
August 197 6, AVSCOM directed the United States Army Aviation

- Engineering Flight Activity (USAAEFA) to condu ct an Army
Prel iminary Evaluation (APE) of the TAR—il helicopter with the
1—747 rotor installed (ref. 1 and 2 , app A). A formal test plan
for the APE was published in November 1976 (ref 3). 

~~~ ••

• 
TEST OBJECTIVES 

-

2. The objectives of the APE were as follows:

a. Determine suitability of the air craf t incorporat ing the
K—747 rotor for future Army testing.

b. Determine the effects of the 1—747 rotor on TAR—il
performance.

c. Detect and allow for early correction of any deficiencies
- - ~. . or shortcomings.

DESCRIPTION

3. The TAB—iR , shown in photo A , is a 10,000—pound maximum gross
weight attack helicopter derived from the AR— iC Ru.yCobra. A

• detailed description of the All—iC helicopter and its ar mement
- - - I - systems is included in the operator ‘s manual (xe! 4 , app A). The

• 
- ;•~ .~~ increased gross weight cap abil i ty, maneuverability , and agility

• 

- . 
• are provided by incorporating uprated drive system components

- 
- from the AR— 1J SeaCobr a , a Bell Helicopter Textron Model 212 tail

• 
~~~~~~~~~~~ rotor , and the Lycoming T53—L—703 engine, with an uninsta lled

~thsrm 4• rati ng of 1800 shaf t horsepower (sl~~) ,  transmia ion limited
- to 1~9O slip . Four wing-mounted enterual stor es locati ons areLi~. 

~

‘

• 
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provided two on each side of the fuselage. The test air craf t had
wings from an AR—I Q insta lled to - allow mounti ng of TOW missile
launchers. The aircraft is conf igured with an integral chin
turret that is aimed by the gunner .

~t 4 x  3~~- • -
~ g -

• 
~~~~~~~~~~~~~~~~~~

4. The 1—747 rotor incorporates an advanced design airfoil with
a teper.d tip pl for. constructed of cosposite materi al with a
ailticeli, ballistically tolerant spar . Th. blades are designed
to be individually iaterchaa geable . The 1-747 rotor is designed
to replace the ~~~~~~~~ All—i main rotor , designated the B—540 ,
without asditicatio. other them pitch—link assembly adj ustment .
A detai led description of the Model 212 tail rotor is contained
in U$MSTA Final Isport No. 72—30 (ref 5, app A). Appendix B
prewid ~a a detailed descr iption and pho;oe of the teat helicopter( 7~~1SS36) ..d the 1—747 rotor . . -

5. The .,aluetins ~~~ conducted on the proto type YAB— 1R at theg~~ facility in Ilesefield, Coenecticut (164-foot field elevation) .
Il~~~~ fli u totaling ~~~~~~ productive flight hours were conducted

2

_________ 
-

______________ ~IJi~ _1tI~ ~~ 
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- between 26 November and 6 December 1976. The contra ctor ins talled ,
calibrated , and maintained all instrumentation , and was responsible
for teat aircraf t maintenance and logistical support during the
tests. Flight restrictions aud operatin g limitations were
established by ‘~- -a AR—iS operator ’s manual (ref 6 , app A) as
modified by the bafety —of—f light release (ref 7) issued by AVSCOM.
Stri ngent calendar limitations , coupled with adverse weather
condition s -and stability and control augmentation system (SCAS)

• malfunctions, prevented completion of all phases of testing as
specified in the test plan. The evaluation was conducted with
SCAS ON. Aircraft configuration s tested inc luded 8—TOW (two
dual—TOW launchers on each outboard wing store location) ; Hog—TOW
(8—TOW, configuration with an XM200 (one ~042OO rocket launcher
mounted on each inboard and outboard wing station) . Flight test
conditions are shown in table i.

TEST METHODOLOGY

6. The engineering flight test techniques described ~‘ references
8 through 10 , append ix A , were used in conduc ting performance and
handling qualities tests. The data acquisition system utilized
pulse code modulation (PcM) telemetered to and recorded at the
contractor facility . Hand—recorded cockpit data were taken from
calibrated cockpit indicators to facilitate correlation of the
telemetered data . A detailed listing of the test instrumentation
is contained in appendix C. Data reduction techniques are further
described in appendix D. Data reduction was accomplished using
the KAC computer facilities . A Handling Qualities Ra t ing Scale - -

(HQRS) , shown in append ix D , was used to augment pilot comments
relative to handli ng qualities .

14
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RISULTS AND DISCUSSION

GENERAL

7. An APE of the YA’ -.-lR helicopter with the K—747 rotor installed
was performed to determine the effect of the K—747 rotor on YAB—1R

• performance and handling qualities. A significant weight and
balance computation error was discovered subsequent to these tests.
The flight loadings of all contractor development and demonstration
f lights were also based on this erroneou s weight and balance
information. The data obtaine d duri ng the development test shou ld
be critically reviewed for any adverse characteristics or trends
with forward cg movement . Two flights were flown 1 inch aft of
the aft cg limit because of the error . No adverse handling
qualities associa ted with the aft cg wer e observed . Limited hover ,
level flight , and climb performance tests were conducted . The

-• data are not presented for the following reason: the beat
available information at the time of the evaluation indicated
tha t engine power could best be obtained using the relation ship
between torque pressure and engine torque used in referenc e 8;
information received subsequent to the completion of the report
indicated that the test engine differed signif icantly in the
relationship between torque pressure and engine torq ue from that
used in the analysis . Rather than recalculate the performanc e
data , it was cons idered coat and time effective to eliminate the
data from the report. Similar and more complete performanc e data
on the IMR.B are presented in the Airworthiness and f l ight• Characteristics report (project no. 76—08). Maneuvering , static ,

• dynamic stability, and mission maneuveri ng characteris tics
remained essentially unchanged from standard AR—i helicopters.
Qua litatively , the re was a decrease in noise levels with the K—747
rotor. Simultaneous SCAS hardover s occurred in all axes on five
occasions duri ng this evaluation . The lack of SCA S trouble shooting
procedures in AR—i organizational maintenance publications hindered
timely correction of the problem. No deficiencies were found and
a total of five shortcomi ngs were noted , none of which were
associated wit h the K—747 rotor , and most were previously noted
on AU— i helicopter ..

HANDLING QUALITIES

• Control Positions in Tri ed Forward Flight

8. Control positions in trinaed forward flight were determined

S
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L _ _ _
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duri ng level flight perfor mance teats at the conditions listed in
table 1. The helicopter was trimmed in steady—heading zero side—
slip flight at the desired airspeed with control forces tri mmed to
zero . Data were recor ded at each stabilized airspeed. Test
results are presented in f igures 9 and 10, appendix E.

9. The variation of longitudinal control position with airspeed
was essential ly linear , with increased forward cyclic required
with increased airspe ed . The variation of lateral control position
with airspeed was nonlinear; cyclic position moved right with
increasing airsp eed to approximately 75 KCAS and then moved to the
left as airspeed incr eased to 132 KCAS. The reversal (0.5 inch)
was not discerni ble to the pilot . The variation of directional
control position with airspe ed was similar to that of the lateral
cyclic control position . Within the scope of this test , control
posit ion characteristics in trimmed forward flight of the YAH—1R
with K—747 rotor installed are not significantly changed from the
basic aircraft and met the applicab le requirements of military
specification MI L—H—85 01A (ref 14 , app A).

Control Positions in Sideward Flight

10. The handling qua lities duri ng sideward flight of the YAR— 1R
helicopter with K—747 rotor installed were evaluated at the
conditions shown in table 1. The test air craft was flown ICE at

-‘ an approximate skid height of 10 feet. A pace vehicle with
calibrated speedometer was used as a speed reference. Winds 

- -

duri ng this test series were less than 5 knots . The aircra ft was
stabilized at an airspeed , and data were recorded . Test results
are presented in figure 11, appendix E.

11. The variation of control positions with tr ue airspeed in
- sidevard flight showed varying gradients in all axes which

prese nted no control problems . There were no objectio nable
control position changes in sideward flight . Within the limited
scope of the test , the handli ng qualities of the YAB—1R with K—747
rotor installed in sidewar d flight simulating crosswind hovering
are satisfactory and are not significan tly changed from the
sta ndard aircraf t.

12. During this evalua tion , sidevard flight only to 17 KTAS lef t
and 22 KTAS right was flown because of failure in all axes of the
SCAS after recovering fro m the 17—KT AS left aideward data point
(par s 49) . Calendar t ime constraints did not allow completion of
the low—speed flight characteristics tests after the SCAN failure
was corrected.

6
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• Static Longitudinal Stability

13. Collective—fixed static longitudinal stability was evaluated
at the conditions shown in table 1. The helicopter was tr immed in
steady—heading zero sideslip flight at the desired trim airspeed .
Then , with the collective stick held fixed , the helicopter was
stabilized at incremental airspeeds greater than and less than the
trim airspeed . Data were recorded at each stabilized airspeed .
Test results are presented in figures 12 and 13 , append ix E.

14. At a trim airspeed of 36 ICCAS, the variation in longitudinal
control position with airspeed was stable and the stick position
gradient was shallow (0.6 inch of forward control travel from 21
to 51 KCAS). The variation of pitch attitud e with airspeed was
essentially zero . The neutral character of the pitch attitude
gr adient and shallow longitud inal control position gradient made
pitc h attitud e and control position impossible to use as air speed
cues in low-speed flight (21 to 51 KCAS) . However , this lack of
pitch attitude change and small control change was helpful in
hovering and low—speed flight in winds. Wind gusts will not upset
the hover pitch attitude; thus , minimal pilot compensation will be
required to maintain hover position (HQRS 3).

15. In high—speed cruise flight (94 to 139 KC AS), static
longitud inal stability, as indicated by the variation of
longitud inal cyclic position with airspeed , was essentially
neutral. The variation of pitch attitude with airspeed was
minimal (4.0-degree nose-down pitch attitud e change from 94 to • -

- • 139 KCAS), but due to the excellent cockpit references , small
pitc h attitude changes were easily detect ed and provid ed suitable
cues to airspeed changes. Min imal pilot effort was req uired to
maintain airspeed during high-speed cruise (RQRS 3). Within the
scope of this evaluation , the static longitudina l stability of 

—the YAR—LR helicopter with K—747 rotor installed is not
- ~~~~~~

•
•
~~

• significantl y changed from the standard aircraft , met the require—
ments of MI L—H—8501A , and is satisfactory .

Static Lateral—Directional Stability
— 16. Static lateral—d irectional stability characteristics were

determined at the conditions shown in table 1. The aircraft was - -

initially trimmed at zero sideslip in level flight at the desired
airspeed. With collective control f ixed and airspeed held

-• 
I constant, the aircraft was stabilized at incremental sides].ip

angles from zero to the limit of the sideslip envelope, both left
and right. Test results are presented in figures 14 and 15,
appendix E.

7

~~~~~~~~~ 
_ _ _ _ _ _  _ _  _ _



17. Static directional stability, as indicated by the variation
of directional control position with sideslip, was positive up to
the limit of the sideslip envelope. Effective dihedral, as
indicated by the variation of lateral cyclic control position with
sideslip, was positive. The weak side—force characteristics during
low-speed flight , as indicated by the variation of bank angle with
aideslip , were determined to be essentially the same as the basic
YAB—ik (ref 9 , app A). The weak side—force characteristics
resulted in extensive pilot effort to maintain low-speed flight
(HQRS 6). Weak side—force characteristi cs duri ng low-speed
forward flight are a shortcoming.

18. Firing stowed or fixed weapons required known sideslip to
obtain first—round hits. Weak side—force characteristics made
this an extremely difficult task. An airspeed system capable of
giving accurate velocity information , both magnitude and direction
(sideslip) , throughout the rearward, sideward , and forward
airspeed envelopes should be installed in all All—i helicopters .
Wit hin the scope of this test , the static lateral-directional
stability characteristics of the YAB—IR with K—747 rotor installed
are not significantly changed from the standard aircraft.

Maneuvering Stability

19. Maneuvering stability characteristics were evaluated at the
conditions shown in table 1 with SCAS ON. Trim conditions were

4
.. 117 KCAS at maximum continuous power (MCP) and zero sideslip in,

level flight , and 57 KCAS in a zero sideslip maximum power climb.
The variation of longitudinal and lateral cyclic and pedal control 

- J
positions with cg normal acceleration was determined by stabilizi ng
the aircraft in constant airspeed zero sideslip turns at incre-
mental roll attitudes left and right. The collective control
remained fixed dur ing the maneuver , and power and rotor speed
varied because of the pitch cone coupling and altitud e varia tion
during the turn. The quantitative resul ts of the maneuvering
stability evaluation are presented in figures 16 and 17, appendix
E.

- - 
20. At 57 KCAS and near maximum power , the aircraft was in a
climbing spiral with norm al acceleration to approximately 1.2g,
and in a descending spiral at normal accelerations in excess of
i.2g, as shown in figure 17, appendix E. The longitudinal
control position variation with normal load factor showed a sharp
change in slope at 1.30g . The gradient decreased but remained V

- 
.~~~~.

- positive and essentially linear above 1.30g. The aircraft was
easy to control during these maneuvering turns and minimal pilot I ~ I
compensation was required to achieve satisfactory performance in
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simulated rapid returns to a targe t at 57 KCAS with maximum power
(HQRS 3). As aircraft normal acceleration approached 1.Sg, there
was a noticeable increase in the 2—per—rotor—revol ution (2/r ev)
vibration , which was not obj ectionable.

21. Figure 17 , appendix E , shows maneuvering stability test• results for the YAB—LR helicopter with K—747 rotor installed at
117 KCAS with MCP. Maneuvering stability under these conditions
was positive below 1.5g; however , the atick po8ition gradient
became essentially neutral above 1.5g. The aircraft was very
difficult to control precisely above 1 .4g due to pitch oscillation .
Alt~ough the aircraf t did present control difficulty when the task
was defined as precise airspeed control, the aircraft was
resp onsive . The pilot could not prevent airspeed oscillations
about the desired trim airspeed , but there was no tendency toward
a divergence in pitch or roll • No divergent tendency was noted
in symmetrical pull—ups to approximately 1.7g, the limit for this
teat . The neutral maneuvering stability above 1.5g at 117 KCAS
is a shortcoming . This short coming was noted on an earlier APE
(re f 9, app A). Tests should be conducted to investigate the
maneuvering stability of the YAJI—1R helicopter to the air craft ’s
full load factor capability at the more severe flight conditions

• of higher density altitud e, heavier gross weight, and faster
airspeed . Tests should includ e constant—power turns and
symmetrical pull-u ps.

22. During the maneuveri ng flight evaluation at 117 KCAS a 2/rev
ver t ical vibration , which increased in intensity as normal load
factor increased , was noted . A slight amoun t of cyclic control
feedback was encountered at norm al acceleration in excess of 1.5g .
The cyclic control feedback did not materially affect the pilot’s

• ability to obtain small increments of load factor.

23. Maneuveri ng stabili ty tests revealed a longitudinal control
position gradient . change at approxima tely 1.30g at 57 KCAS and
1.5g at 117 XCAS . These levels of normal acceleration occurred
at the-pitch rate which resulted in full extension of the

- -~~ - longitudinal SCAN actuator . The shift in maneuveri ng stability
gradient probably reflects the differenc e in the artif icially

- - stabilized airframe and the basic airframe characteristi cs.
Subsequent analysis of the data revealed that the longitudinal
SCAN ac tuators fully extended at approximately 8 degrees per
second pitch rate. The effective loss of longitudinal SCAN due - . -i

• to full actuator extension did not materially affect the maneuver—
ing handling qualities at 57 KCAS; however, at 117 KCA S this
effective loss of SCAN input degraded the maneuvering handling
qualities, in that precise airspeed control required extensive
pilot compensation during steeply banked diving turns (HQR$ 6).

~~~~~~~ ~~~~~~~~~~ 
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Wit hin the scope of this test , the maneuvering stabili ty character-
istics of the YAH—1R helicopter with K—747 rotor installed are not
signif icantly changed from the standard aircraft.

Controllability

24. Controllability characteristics were evaluated in ICE hover
with SCAN ON at the conditions shown in table 1. The aircraft
was trimmed in a stable hover attitude and control step inputs of
varyi ng sizes were applied to each axis , using a mechani cal
fixture to obtain the desired input size. The inputs were held
until a maximum rate was established or until recovery was
necessary. Test results are presented in figures 18 through 23,
dppendix E.

25. There were no obj ectionable delays in the development of
angular rates in response to control displacements . Angular rates
and accelerations developed in the proper direction within 0.2
second after the control displacement. Aircraf t responses were
essentially uncoupled except for right lateral cyclic control
inputs . Responses from right lateral cyclic inputs resulted in
right yaw coupling . This yaw coupling should cause no control—
lability problems in operational use.

26. Pitch attitud e change in 1 second , maximum pitch acceleration,
and maximum pitch rate were essentially linear functions of the
longitudinal input size. The time to maximum pitch acceleration
was 0.25 second. The time to maximum pitch rate was approximately
0.9 second and was independent of the input size within the
accuracy of time determination. -

27. Lateral step inputs produced responses which were linear with
input size. Time to maximum roll acceleration was 0.2 second and

• t ime to maximum roll rate was approximately 0.9 second .

28. Yaw responses to step pedal control inputs were essentially
linear for inputs up to 1.0 inch left and right . In compar ing
the test results of this evaluation with those of an earlier test,
the only significant difference was in the time required to achieve
a given yaw displacement for comparable yaw control inputs.
This difference can be directly attributed to an instrumentation

- 
- lag in heading output • A comparison of the transient tail rotor

torque recorded dur ing controlla bility tests and that resulti ng
from the slower inputs during hover turn arreetments indicates , - -

~~

• ~~~~~ that the maximum transient torques are primarily a function of the - 

-magnitude of the input and are relative ly independent of the rate
of input for input t imes of 0.1 to 1.0 second . An oscillation was
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noted in both tail rotor torque and main rotor torque as a result
of pedal inputs. This lightly damped torsional oscillation appears
to contribute to the high peak tail rotor transient torque. A
similar torsional oscillation has been noted in other AR—i aircraft.
Within the scope of this test, the controllability characteristics
of the YAB— iR with K—747 rotor installed are not significantly
changed from the standard aircraf t.

Mission Maneuvering Characteristics

Lateral Acceleration/Deceleration/Low—Speed Flight :

29. Lateral acceleration handling qualities were evaluated at the
conditions shown in table 1. The aircraft was stabilized at the
desired hover height and then lateral acceleration was initiated
by simultaneously applying lateral cyclic and increasing collec-
tive pitch to achieve torque equivalent to MCP. Lateral control

• was used to maintain a constant height as the aircraft accelerated .
Lateral control reversals were initiated at maximum sideward
velocity by reducing collective pitch and executing a side flare
maneuver while attempting to maintain altitude.

30. LatGral accelerations/decelerations were conducted ICE at a
gross weight of 9500 pounds. Aircraft handling qualities during
lateral acceleration /deceleration maneuver s were good . Qualita-
tively, acceleration to the left was greater than to the right ,
as shown with the YAB—iR helicopter (ref 9 , app A). Heading was
easy to maintain in either direction throughout the maneuver
(HQRS 2).

31. The YAR— iR/S sideward velocity envelope was expand ed to 50
• 

- 

knots (ref a 8 and 10, app A), which enhanced the lateral agility
of the aircraft. The safety—of—flight release for this teat

: limited the aircraft to 3S knots in sideward flight. Consideration
should be given to expanding the sideward velocity envelope of all
All—i helicopters to further enhance their lateral agility.

- - 32. Sideward velocities were very difficult to judge during
lateral accelerations . Attack helicopter tactics required rapid

- ‘ • • lateral translations over the ground to minimize vulnerability to
enemy weapons. The aircraft has a limit air speed (35 ~~~ts In
sideward flight) which canno t be observed or sensed accurately by
the pilot. The lack of adequate airspeed cues in low—speed flight • 

-
- - 

- 
(pars 28) does not allow the pilot to fully utilize nap~of—tbe—

:‘~ 
;,7 

- 
earth (NOE) navigational techniques which require a constant low
airspeed for a specific t ime period to navigate between two points

- 

- at a low altitude. Th. low altitude requires the pilot to direct
his attention outside the cockpit to avoid striking obstacles .

• - 11
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In low—speed flight (21 to 51 KCAS) , air speed could increase 100
percent or decrease 50 percent and no discernible cues would
indicate the airspeed change to the pilot. Maintaining an airspeed
in the low—airspeed range (21 to 51 KCAS) requires extensive pilot
compensation (HQRS 6). The lack of airspeed cues during low—speed -

•flight is a shortcoming. An omnidirectional airspeed system should
be installed to give the pilot an indication of the magnitude and
direction of the airspeed vector . Such a system would allow the
pilot to more fully utilize the sideward flight and NOE capability
of the AR— i helicopter.

33. A side flare maneuver was performed to decelerate the
helicopter from the peak sideward velocities obtained during the
lateral accelerations. With the lateral control reversal initiat-
ing a side flare, the aircraft began to climb. Collective control
was lowered to maintain altitude , resulting in an engine/rotor
overspeed tendency noted previously on the YAB—1R helicopter. The
deceleration could be accomplished faster by allowing engine speed
to increase to 6700 rpm and maintaining this engine speed by
controlling rapidity of maneuver rather than “beeping” engine
speed down. This reduced rotor speed control problems as velocity
approached zero. Reading control was easily maintained throughout

• the maneuver (HQRS 2) and no control limits were reached.

Longitudinal Deceleration:

34. Handling qualities during longitudinal decelerations were
evaluated at the conditions shown in table 1. The aircraft was - 

-

stabilized at 100 knots indicated airspeed (KIAS) at a skid heiF
of 40 to 50 feet , power reduced , and aft longitudinal cyclic
applied to reduce airspeed While maintaining altitude. Rotor
speed control required extensive pilot compensation (HQRS 6). The
tendency for engine oversp eed resu lting from poor engine/roto r
dynamic characteristics is a shortcoming and should be corrected
in future designs. Forward field of view is obstructed with the
aircraft in a decelerating altitude , a shortcoming common to all

- 

- .

•.
~ 

AR— i helicopters. The tendency to enter power settling at the
termination of a rapid deceleration was previously reported on

-; - the YAR—1R helicopter and continues to exist. Power settling was
avoided by decreasing the deceleration rate as the aircraft
approached a hover.

— Bob—Ups and Terrain Avoidance Maneuver:
A...

35 • The bob—up maneuver was accomplished by establishing an ICE
~!
‘
~ ~~ 

- hover and then conducting a maximum power vertical climb to an
j _ . o~ g hover , to simulate a climb above a masked position to engage
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a target. A terrain avoidance maneuver was accomplished by estab-
lishing 100 KIAS in level flight, skid height of 40 to 50 feet,
and then rapidly increasing altitude by 200 feet , using a cyclic
climb and pushover to simulate obstacle clearance during contour
flight. Mo handling qualities difficulties were encountered
during these maneuvers (RQRS 2).

MISCELLANEOUS

Stability and Control Augmentation System Failures

36. During the conduct of this evaluation yaw oscillations - :

occurred in all regimes of flight , but were more noticeable
during stabilized performance data points. An example of these
oscillations is presented in figure 24, appendix E. SCAS position
instrumentation also indicated these oscillations. Following the
installation of new SCAS channel control assemblies, SCAN failures
occurred in all three axes simultaneously on five separate
occasions • An example of the SCAN failures is presented in figure
25. Rardovers in all three SCAN channels occurred within 1 second .
Productive testing ceased until the cause of the SCA S failures
could be corrected • The organizational maintenance manuals for
the AR—i series helicopters do not contain troubleshooting guides
for SCAN failures. A heat—sensitive roll SCAN channel control
assembly was determined to have caused the hardc vers. Published
troubleshooting procedures for the SCAN would have saved many
maintenance manhours and allowed an early solution to the SCAN
failure problem. SCAN troubleshooting procedures should be
established and published in organizational maintenance manuals.

Vibration

37. Vibration data were recorded on all flights at nine sensor
• 

- locations on the aircraft. Examples of vibratory amplitud es at
var ious main rotor blade har monic frequencies are presented in
figures 26 through 66 , appendix 3. No maneuvers were perfor~ed
specifically to induce high vibrations .

38. The vibration characteristics of the YAB—iR with £—747 rotor
installed demonstrated no significant change in the 2/rev main

• 
-
. rotor harmonic frequency measured at the cg and pilot station.

An approximate 50-percent reduction in the 2/rev frequency
vibration was measur ed at the copilo t station , as shown in figure

• 1~’ . 29 , appendix E. A reduetton of the 8/rev main rotor harmonic
frequency from that With the 3—54 0 rotor system was measured
throughout the airspeed range tested, as shown in figures 26

‘3
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through 32. An increase in the 6/rev frequency with the K—747
rotor over the 3—540 rotor occurred in the 70 to 100—KIAS airspeed
range. These vibration characteristic differences ware noticeable
to the pilot and copilot, but were not objectionable and did not
impair performance or comfort • The vibration levels did not exceed
the requirements of MIL—R—8501A.

Engine Characteristics

39. Throughou t this evaluation, fluctuations in power turbine
speed (N2) and engine torque occurred with magnitudes of ±100 rpm
and ±2 psi, respectively. Theee fluctuations were most noticeable
during tests requiring constant power and airspeed. These
fluctuations compromised the quality of the performance data and
required extensive pilot compensation to stabilize the aircraft
on a test point during the performance testing. Previous T53
series engines have displayed power train oscillations not unlike
those experienced during this evaluatio~. Investigations of
the power train oscillations wtt~h the T53—L—703 engine should beconducted to determine the cause , conditions that might increase
severity, and any structural implications.

Noise

40. A qualitative noise evaluation of both the K—747 and B—540
rotors was made throughout the conduct of these tests. Both
cockpit and ground noise levels were observed • The K—747 rotor
demonstrated a reduction of the 2/rev “blade slap ” from that of
the B—540 rotor in all flight regimes. A quantitative noise
evaluation of the K—747 rotor installed on an AR—i is planned for
future testing.

Weight and Balance

41. A significant weight and balance error (para 13, app B) was
- : discover ed after the aircraft was delivered to Edwards Air Force

Base, California. The flight loadings of all contractor develop—
ment and demonstration flights were also based on this erroneous
weight and balance information. All testing was conducted at a
cg of 1.0 to 2.5 inches aft  of the desired location. The data
obtained during the development test should be criticauy reviewed
for any adverse characteristics or tre nds with forward cg movement ,
since tests have not been conducted at the forward cg limits. Two
flights were flown 1 inch aft of the aft cg limit because of the
error. No adverse handing qualities associated with the aft cg
were observed .

14
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CONCLUSIONS -

GENERAL

42. Within the limited scope of this evaluation, the YAR—1R
helicopter with K—747 rotor installed is suitable for future Army
testing to the limits described in reference 7, appendix A, except
that forward cg should be limited to that demonstrated . The
following conclusions relative to the Kaman K—747 rotor installed
on the YAR—1R helicopter have been made:

a. YAH—1R stability and control characteristics investigated
were not significantly changed by installation of the K—747 rotor
(paras 9, ii , 15, 18, 23, and 28).

b. Qualitatively , the K—747 rotor was quieter than the B—540
rotor (para 40).

c. The vibration characteristics of the YAB—1R with K—747
rotor installed were different from the B—MO rotor , but not
objectionable to the pilot and copilot and did not impair
performance or comfort (para 38) .

d. No deficiencies and five shortcomings were f ound , none of
which were associated with the K—747 rotor (para 7).

SHORTCOMINGS

43. The shortcomings listed below were identified during these
tests. Most have been previo usly identified on the AR—i series
helicopter , are listed in the order of decreasing importance.

a. Adequate airspeeds cues did not exist during low-speed
flight (para 32).

b. Weak side—force characteristics required extensive pilot
:.~~ 

effor t dur ing low—speed forward flight (pare 17) .

- - c. Maneuvering stability became neutral above i.5g at 117
KCAS (pare 21) .

. 

~~~~
. d • There existed a tendency for rotor/engine overspeed during

constant altitud e deceleration . (pars 34) .

15
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e. Forward field of view is obstructed with the aircraft in
a decelerating attitude (para 34).

- •
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RICOMMENDATIONS

44. Shortcomings should be corrected on the production AR— is.
45. An omnidirectional airspeed system capable of giving accurate
magnitude and direction of relative airspeed over the rearward,
sideward, and forward flight envelopes should be installed on the
production AR—is (pares 18 and 32).

46. AR—i SCAN troubleshooting procedures should be developed and
published in the appropriate maintenanc e manuals (para 36).

47. The sideward velocity limits of all AR—i helicopter s should
be expanded to enhance their lateral agility (pare 31) .

48. The following areas should be further investigated during• futu re tests and studies.

a. Investigate the power train oscillations with the T53—L—703
- engine to deter mine the cause, conditions that might increase

- 
severity , and any structural implications (pare 39).

b. Investigate maneuvering stability to the full load factor
capability of the AN—i with K—747 rotor installed over a complete
airspeed, altitude, and gross weight range (pare 21).

- 

c. The data obtained during the contractor development teat
- should be critically reviewed f or any adverse characteristic, or

trend s with forward cg movement (para 4 1) .
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APPENDIX I. AIRCRA FT DESCRIPTION

FUSElAGE

1. The YAII—LR fuselage is identical in outward appearance to the
AN—IG helicopter with the exception of AR—iQ wings installed to
acco odate the TOW weapon system. The aircraft differs in outward -

appearance from the YAII—1S, used in data comparison, in that the
YAII-1S has a nose-mounted TOW sighting unit and a pylon—mounted
pitot—static system, while the YAR—iR has an All—ic nose and pitot—
static system. The test aircraf t was painted with low reflective
paint except for the wings. Neither set of rotor blades tested
had low reflective paint . Internal modifications to strengthen
the fuselage structure to accept higher stresses due to increased
gross weight , engine power, and tail rotor power included
strengthened transmission mounts and associated structure and
strengthened tail boom.

MAIN ROTOR BLADES

2. The Kaman improved main rotor blade configuration for the AR—i
helicopter is designated K—747. The K—747 rotor has a multicell -

filament—wound fiberglass spar , a Nomex core afterbody, and a
Xevlar trailing edge apline , all inclosed by fiberglass skin . At
the inboard end , cheek—plates carry blade loads to an aluminum
adapter , which attaches the blade to the current All—i rotor hub
by the hub pin .

3. The current All—i main rotor is designated the 8—540. The K—747
rotor has the same diameter and essentially the same solidity as
the current rotor , although the blade planform is changed . The
blade twist is increased and advanced airfoil shapes are employed.
The K—747 rotor dynamic characteristics were designed to match

- 
- those of the B—540 rotor . A 55—pound brass tip weight, integral

with the spar , provides rotor inertial characteristics similar to
the 8—540 rotor.

4. Over the constant chord section of the blade , the chord is 2.5
feet. This compares to 2.25 feet on the B—540 blade for the whole
blade length. The outer 15 percent of the K—747 rotor blade is 

. 
—

tapered in both thickness and planform. The tip plant orm taper
is trapezoidal and results in a tip chord of 0.83 feet . The
solidity of the rotor is 0.0625, compared to 0.065 for the current

- - 
rotor.
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5. The K— 747 rotor blade airf oil shape is based on a f_il, of
advanced airfoils developed by Boeing Venal. For the outer 13
percent of th. blade (is, from r/B — .83 (85 per cent blade radius
station) ) out , the 8 percent—thick Boeing Verto l VR—8 airfoil is
used ; from rIB — .25 to rI B — .67 , the 12 percent—thick losing
Verto ]. YR—i airfoil is used , with a I in.ar transition between the
67 and 85 percent radius stati on.. Pro. r/B • .25 stat ion inboard ,
the blade is built-up gradually by cheek—plates . The leading edge
becomes blunt and reaches a aexiam th ickness of 25 percent at the
roo t end of the blade at rIB — .18. The current AB—1Q inab , which
has its hub pin at r/B • .15 , i. retained . There is an att aclaent -

adapter fitting and drag brace between the pin and the root—end
of the blade. Figure 1 presents a plant orm view and f igure 2 a
cross—section view of the K—74 7 rotor blade configuration.

ENGINE 
-

6. The T53—L—703 engine installed in the YAM—lB helicopter
reflects a growth step from the T53—L—133 engine. The T53—L—703
engine is a turboshaft engine with a two—stage axial f low—free
power turbine ; a two—stage axial f low turbine driving a combination
five—stage axial , two—stage centrifugal compressor having a no.i~ial
8:1 compression ratio at the thermodynamic rati ng of 1800 shp and
incorporating compressor interstage air bleed ; variable inlet

— guide vanes; and external annular atomizing cosbustor. A 3.2105:1
reduction gear housed in the air inlet housing reduces power
turbine speed to output shaf t speed (nominally 6604 rpm outpu t
chat t/324 rpm rotor speed). The engine reduction gearbox is
limited to 1175 foot—pounds (ft—lb) torque 1477 shp) for 30
minutes and 1110 ft—lb torque (i396 shp) for continuous usage.
The engine achieves this power growth over the T53—L—13B engine
through increased gas producer speed and increased operating

• temperatures made possible by improved air cooling of the first—
stage turbine . New material s are employed in the second—stage
gas producer and power turbines. A T7 interstage turbine
temperature sensor harness has been incorporated for measurement
of interstage turbine temperature, giving a more accurate - - -

indication of engine internal temperature than the T9 temperature
- ~ • 

- (exhaust gas) sensed in the T53—L—13B engine.

TRANSMISSION AND TAIL ROTOR DRIVE 
--

- 

- 

7 • An uprat ed tran smission and tail rotor drive system is
install ed in the YAII—iR helicopter . These systems have the
following limits :

:~~1--~ 
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a. Tranemission:

(1) 1290 shp for 30 minutes.

(2) ii34 maximum continuous shp.

b. Tail rotor drive:

(1) 187 shp MC? .

(2) 260 shp for 4 seconds.

ENGINE OIL COOLER

8. The cooling capacity of the engine oil cooler has been
increased by enlarging the bleed air orifice which drives the
turbine oil cooler fan , allowing higher cooling fan speed and
cooling air mass flow.

CONTROL SYSTEN

9. The control system of the TAR—lB is basically the same at the
- AR— 1G; however , two new features have been incorporated . The

cable controls in the All—ic antitorque system have been replaced
by push—pull tubes • A collective control rate limiter , which
limits the rate of collective control movement to full throw is
0 • 87 second , has been incorporated .

10. A flight control rigging check performed in accordance with
- 

- procedures outline s in TM 55—1520—234—20 demonstrated that the
cyclic , collective , pitch , and directional controls were within
prescribed limits. The awashplate angles and tail rotor blade

- 

- 

pitch angles relative to aircraft axes are as follows:

— 
I,
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SWASHPLATE ANGLES -y - 
.- 3

Cyclic Control Position Lateral Angle Longitudinal A9p~e
Neut~~l 1 5 deg lef t down 1 deg oose-ijp r

Full forward 5 0 deg right down 10 deg nos~—4o~c~
Pull aft 5.0 deg left down 12.5 deg noieAip

- 
° Full right 7.0 deg right down 4.5 deg nose—up

~~~~~~~~~~~~ ~~~~ 
— -

Pull left 7.5 deg left down 3.5 deg nose—down
1

~~ 

I.~~ 
- - 

-

TAIL ROTOR BLADE PITCH ANGLES

• 1 r  ~~~~ - Pàdal Position ‘
~~~~

‘ Blade’Angle

Full left I l  I 19 9 deg
1’- : -

- 
- - Full right - -

~~ - - -~ — 11.0  deg
- 4 - — - -  -

PRINCIPAL DIMEI S IONS

ii. - Principal-dimensional and general data co~ceriiing the YAH~1R - -

helicopte~ -are as follows: 
- - *

Overall Dimensions

t gth , rótói~ turning 52 f t , 11 in.
Width , rotor turning 44 f t  -

Height , tail rotor vertical 13 tt , .9.5 in.
L~~~ 1*~ rotor ~emoved 45 ft ,. 2.2 in.

Main Rotor K—747 8—540 ..~~~~~~~~~~~~~

- • 

Diametei ’: 
g 

44 ft 44 f t
Disc arç4 . H ., 1520.5 f t 2 

~
- i~24.~ ft 2

Solidit~t ’ 
~~~ • 0.0625

- Number o~ blades 2 - - 
2 - - -

- 
- Blade chord See fig. 1 2.25 ft, constant

Blade twist (linear) —0.556 deg/ft —0.45 5 dng/ft
Airfoil See para 5 9.33 percent

thickness,
special sy et-’

• :-!~~~ rical section r

-

~~~~~~~~~~~~~~ 

- 
fl .-

• 
_ _I ~~~~~~~
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Tail Rotor

Diameter 8 ft, 6 in.
Disc area 36.75 ft 2
Solidity 0.1436
Number of blades 2
Blade chord 11.5 in. , constan t
Blade twist 0.0 deg/ft
Airfoil NACA 0018 at blade

root , changing
linearly to
special camber ed
section of 8.27
percent of the tip

Fuselage

Length, rotor removed 45 ft, 2.2 in.
Height:

To tip of tail fin 10 ft, 4 in.
Ground to top of mast 11 ft , 7 in.
Ground to top of transmission fairing 10 ft, 2 in.
Ground to bottom of chin turret 1 f t , 2 in.

Width:
Fuselage only .3 ft
Wing span 10 ft, 8.24 in.
Engine cowling 3 ft, 6 in. • 

-

Skid gear tread lft ,4 in.
Elevator:

Span 6 ft, 2 in.
Area 25.2 f t 2

• Airfoil Inverted Clark V
• Vertical fin : -

Area 18.5 ft 2
- 

- Airfoil Special cambered
• Height 5 ft , 6 in.

Wing:
Span 10 ft , 8.24 in.
Area 27.8 ft 2

• Incidence 14.0 dig •

• • I Airfoil (root) IIACA 0030
• • Airfoil (tip ) MA CA 0024

a..: ~~“

- 
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WEIGHT AND BALANCE

12. The aircraf t weight, longitudinal. cg, and lateral cg were
calcu lated from a weighing performed at the contractor ’s facility.
The weighing was accomplished with all fuel drained and included
instrumentation, empty chin turret , and pty wing stations. The
weight was 6357 pounds with the longitudinal cg located at fuse- -
lage station (PS) 201.22 and the lateral cg located 0.18 inch

• righ t of the aircraf t center line .

13. A significant weight and b~la.nce error was discovered after
the aircraft was delivered to Jdvards Air Force Base, California ,
for further testing . The fli ght loadings of all contrac tor
development and demonstration f lights were also based on this
erroneous weight and balance information. The jack point loca-
tions used to calculate the og fro. the weighing were erroneously
taken fro. the AR— iC manual (TM 55—1520—221—10) (there are no
AR-lB —anual; AR-1Q and All-iS R.nusls were not available) . The
YAH-1R test aircraf t was a modified LE—1 G. One modification was
the installation of prototype AE—I Q wings to aiim, loading of 1W
missile laun chers. This changed the wing jack point locations
listed as PS 197.85 for the AD—IG/R wing to PS 200.33 for the
AX- 1Q/S. Actual measurement at Edwards using the forward jack
point as a reference (there are no jig point locations in any
AR— i ~*nnala) determined that the wing jack points were located
at PS 200.45. A corrected weight and balance based on this
value, resulted in a test aircraft empty weight of 6357 pounds , a
longitudinal cg of 203.72 , and a lateral cg of 0.18 right. AU

• cg information in this repor t is based on this corrected weight
and balance. 

-

14. The external stores conf igurations , shown in photos 1, 2, and —

• 3, were 8—TOW (two dual-TOW launchers with missile containirs on
each outboard wing station) , heavy f log (one 10(200 rocket pod -

- - • I mounted on each inboard and outboard wing sta tion) , and Hog-lW
(8—TOW with one 1)1200 rocket pod on each inboard wing station) .
The TOW launchers and rocket pods were ballasted to achieve the
desired takeoff weights.

15 • Ballast weights were used at several longitudinal fuselage
- • • - ; stations to achieve desired cg locations. Two eg locatic~s were

~ - ‘ utilized during the test flights for evaluation. They were
~~~~
, 4 intsnd~ t to be at the forward and aft limits of the cg envelope,

• respectively. Tables I and 2 show £~~9l.s of int~~~~1 and actual
tak eoff loading, to achieve the two cg locations .

• 
27
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Photo 1. Test Aircraft 8-TOW External Stores Configuration.
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Photo 2. Test Aircraft HOG-TOW External Stores Configuration
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Photo 3. Test Aircraft HOG External Stores Configuration
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APPENDIX C. INSTRUMENTATION

1. Instrumentation was installed in the test aircraft by K&C
prior to the start of the test program and is shown in photos 1 -

through 4. The telemetry package was located in the aimnunition
bay for all testing. All instrumentation was calibrated and
maintained by KAC. The following parameters were recorded:

Pilot Station

Event switch
Instrumentation control

Pilàt Panel 
-

Airspeed (boom)
Altitude (boom)
Altitude (radar )
Rate of climb (ship ’s system)
Rotor speed
Engine torque
Measured gas temperature
Gas generator speed
Control position:

Longitud inal
Lateral
Directional
Collective

Center—of—gravity normal acceleration
Angle of sideslip
Attitude gyro (ship ’s system) -

Outside air temperature (sensitive)
Outside air temperature (ship ’s system)

Copilot/Engineer Station

Event switch
Control fixtures

-; Air speed (ship ’s system)
Rotor speed 

- 

-

Engine torque
- -

. Measu red gas temperature
: ; ~~~. Gas generator speed
• 

.,

-~~ Attitude gyro
-~~ -.•

~
, •

~J
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Photo I. Instrumentation Package in Ammo Bay - Left-Side View.
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Photo 2 Instrumentation Ammo Bay - Right-Side View
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Photo 3. - Boom-Mounted Swiveling Pltot-Static Probe and YAPS Head.
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Photo 4. SkId-Mounted Telemetry Antenna
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Fuel used (totalizer)
Time of day
Record counter

Diai~al (POt) Parameters

Air speed (boom)
Airspeed (ship’s system)
Altitude (boom )
Outside ai r temperature
Main rotor speed (rotor blip)
Vibration acceleration:

Pilot seat vertical
Pilot seat lateral
Pilot seat longitudinal
Copilot seat vertical
Copilot seat lateral
Copilot seat longitudinal
Center—of—gravity vertical
Center—of—gravity lateral
Center—of—gravity longitudinal

Main rotor loads:
Pitch links(2)
Drag brace axial (1)
Hub station 5—flap bending

Main rotor cyclic blade angle
Fuel used at flow meter

- • Center—of—gravity normal acceleration - 
-

Angle of sideslip
Angle of attack
Engine output torque pressure
Fuel temperature (at flow meter)
Main rotor shaft torque

- 
- 

Tail rotor shaft torque
Pilot event
Engineer event

- ~~~-~~ - Correlation counter
- - - Control positions:

Longitud inal cyclic
Lateral cyclic

• Collective
Pedal 

- -
Throttle

Flight control augmentation positions :
Longitudinal

• -: - 
Lateral

- 

‘I’ Direc t ional

-4-- 31
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- Control force :
Longitudinal
Lateral
Pedal
Collective

Attitude:
Pitch
Roll
Yaw

Angular velocity:
Pitch
Roll
Yaw

2. External (drag producing) instrumentation included (1) nose
boom with swiveling pitot—static probe mounted 7 feet forward of
the nose; (2) belly—mounted sensitive OAT probe; (3) main rotor
standpipe; (4) main and tail rotor slip ring assemblies; (5) main
rotor hub loads instrumentation; (6) telemetry antenna with ground—
plane plate mounted on skid; and (7) flush-mounted radar altimeter
antennas. Neither set of main rotor blades was instrumented.

3. The instrumentation package was designed and primarily used
for structural envelope expansion and flight load surveys by the
contractor . As such, it was not well tailored for performance
testi ng. Long—term or continuous recording was not practical.
Several difficulties were encountered in determining OAT. The
sensitive calibrated OAT had only ground (telemetered ) read—out
capability. Subsequent to the performance tests, a wiring error
was discovered, which made this source of OAT erroneous. The
standard ship ’s temperature probe data , which were hand—recorded
intermittently during the tests, were used to process the
per formance data. This gage was difficult to read, being mounted
through the fuselage skin behind the pilot’s left knee. Reading
error of ±2°C (attempts to postcalibrate it were inconclusive).
Ram recovery effects are unknown. OAT’s used and presented in

- 

‘ the performance data may be in error by as much as 5°C. Subse-
quent to the performance tests, a calibrated sensitive OAT system

- 
- with cockpit display was installed. The OAT data during handling

qualities tests should be accura te within ±2°C. Recorded pressure
altitude had a resolution larger than 200 feet. Recorded POt 

-

‘

airspeed agreed with sensitive indicated airspeeds within 2 knots.
Recorded P04 rotor speed disagreed with calibrated sensitive

• indicators by as much as 2 rpm .

4. The airspeed calibration presented in figure 1 was obtained
- 

- 

from the contractor. The fairing was used for all airspeed data.
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APPINDIX D. TEST TECHNIQUES AND
DATA ANALYSIS MITHODS

TEST TECHNIQUES —

1. Standard test techniques were used dur ing this evalua tion of
the YAH— 1R helicoptsr with K—747 rotor installed (ref s 8 through
10, app A).

DATA ANALYSIS METHODS

2. The helicopter performance test data were generalized by use
of nondimensional coefficients. The following nondlmensional
coefficients were used to generalize the hover and level flight
results obtained during this flight test program:

a. Coefficient of power

SHP(550) 
.

C~ — pA(flR) ~ (1)

b. Coefficient of thrust (CT):

WCT — pA(~ZR)’ 
(2)

c. Advance ratio (u):

1.6878 VT 
(3)

d. Advancing tip Mach number (M ti~
):

1.6878 V + (czR)
M
~i~ a (4)

- - 
- Where:

• SlIP — output shaft horsepower

• -~~ 

- 

550 — Conversion factor (ft—lb/sec/shp)

p — Air density (slug/ft 3) — 2.3769 x 10 ti

~.4.



-

, T T I T~Tz1I~
]

R — Main rotor radius (ft) — 22 ft

- A — Main rotor disc ar ea (ft2) — flR2 — 1520.5 ft2— Main rotor angular velcoity (rad/sec) — x rpm
- 

W — Aircraft gross weight (ib)

I - 1.6878 — Conversion factor Cf t/sec/kt )

VT — True airspeed (kt)

a — Speed of sound (ft/eec ) — 1116.45 if~~
o — Air density ratio — 6/0

5.25585
6 — Pressure ratio (1 — 145,442~
H~ — Pressure altitude ( ft )

O — Temperature ratio — OAT + 273.15
(OATi + 273.15)—273.15OAT Ambient air temperature (°C) — — 

(1 .2K!.I~) 
-

OAT~ — Observed free air temperature corrected forc instrument error (°C)
Vcal

M — Mach number — 661.48/~
K — Probe r ecover y factor

- 

Vcal — Calibrated airspeed (kt)

For a rotor speed of 324 rpm , the following constants were used:

R 746.44

(~~~) 2 
— 557,176

• (flR)’ — 4.159 x 10
-
- -

~~ 3. Each level flight data point Cp was corrected to the average
C~ for the flight . The slopes of Cp versus Ci~ from reference 8,appendix A , were read at the p of the point and average CT. This

~~ value was then multiplied by the amount the test CT was different• fro. the average CT and the result added to the test Cp.
I.

-
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Hence:

— c~, + [(dcp/dCT) p, CT x ~
CTJcorr test

Level flight C~, was then converted back to dimensional shafthorsepower as !ollovs:

C~ A (~R) 3 
~avg

— 
corr

550

4. All computed atmospheric parameters were determined using 1962
- U.S. standard atmosphere constants and functions.

5. Engine start gross weight was determined by adding crew weight,
ballast weight, and engine start fuel weight, as determined during
preflight by an external sight gage quantity reading and fuel

• specific weight , to aircraft empty weLght (app B). Test point
gross weight was then computed by subtracting fuel used , obtained
f rom a fuel volume totalizer , multiplied by the preflight specific ! 1
weight correc ted for temperature difference between preflight fuel
temperature and test point fuel temperature. Postf light fuel
quantity was also determined using the sight gage and sp.cific
weight readings. This value was compared to fuel used as computed
f rom the fuel totalizer.

6. Test shaft horsepower was determined by multiplying rotor
speed by engine torque and appropriate gear ratios and conversion
constants.

(NR x 20.383) x torque, ft—lb
SHP — 5252.1 -

I • 
- N~~x torque

- - 

- SlIP — 257 .67

Engine torque was determined by measuri ng differential torqu .t.r
- ••;. output pressure and applyi ng the individual engine torqu eter

conversion. -The nominal conversion is 18.4 ft—lb/psi . Tb.
~~

- - - - 
conversion for the test engine , SN I.E 15124Z , was 1125 ft—lb/63.4

- 
psi or 17.7 ft—lb /psi. These values wer e obtained fr-os smgia.

- 

~~
‘ -

~~ 
-i acceptanc e records and th. engine data plate . Dur iug earlier

- - - - contractor flights , use of this conv.rsion resulted La eeb.taatial
• -

~~ • 
• 

- disagr eement between engin, torque and the sum of rotor shaf t
- torques plus accessory losses. Also, perf ormance data obtaiasd

by the contractor using the 8—540 rotor disagreed with previous

40
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8—540 data obtained with the Y AM—iS (ref 8, app A). Use of the
torque conversion function from reference 8 caused the contractor
B—540 performance data and reference 8 data to agree and caused
closer agreement between engine torque and the sum of shaf t
torques and accessory losses. This function was then used as
being typical of the T53—L—703 series engine for both the
contractor data and this project. The conversion is:

Torque, ft—lb — 0.13466 + 17.885 QE + 3.8434 x 10~~ QE2

Where:

QE = Differential torquemeter pressure

Subsequent to this test and data analysis for this project, data
from a 19—point engine calibration were obtained for the test
engine. Use of the torque conversion derived from these data
resulted in even better agreement between engine torque and the
sum of rotor shaft torques plus accessory losses. However, it
degraded the comparison between reference 8 data and contractor
8—540 totor data. This conversion is:

Torque , f t—l b  — 18.331 + 22.362 QE — 0.12787 QE2 +

1.145 x 10~~ QE
3

Using this conversion would increase the power required shown in
- this repor t by approximately 2 percent . A further engine calib—

ration was conducted and verified the original 19 point calibra—
tion.

7. Vertical speed for both climbs and autorotational descents
was determined by measur ing the time required to change altitud e

- - - 
- 1000 feet. This was converted to the rate of climb (descent ) as

follows:

~IL b A Tr ~ test + 273.15
time — Atime\OAT td + 273.15

8. To determine the climb correction factors, the rates of climb
I 

- were further corrected to average powers or gross weights as
follows. For determining Kp, rates of climb were corrected to
the average gross weight using:

I~G W x 3 3 ,OOO SHP 1R/Cvt_corr — R/C test + 

I~
-;i test ]

41
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For determining K~ , rates of climb were corrected to the average
shaft horsepower of a set using:

- 
R/Cpwr_co;~r R/C test +[~ 

tiSRP x~~3~OOO]

9. Handling qualities ratings were quantified using figure ]..

- 42
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APPENDIX I. TEST DATA

INDEX

FIGURE Figure Number -

Figures 1 through 8 deleted

Static Stability

Control Positions in Trimmed Forward Flight 9 and 10
Control Positions in Sideward Flight 11

Static Longitudinal Stability - 12 and 13
Static Lateral—Directional Stability 14 and 15

Maneuvering Stability 16 and 17
Controllability

- Longitudinal Control Response and Sensitivity 18
Lateral Control Response and Sensitivity 19

Directional Control Response and Sensitivity 20

Aft Longitudinal Step 21

Right Lateral Seep 22 
-
. -

Right Directional Step 23

Stability and Control Augmentation System
SCAS Oscillation 24

SCAS Failure 25

Vibration Characteristics

- 
-
~ Level Flight 26 through 34

Hover 
- 

35 through 40 - -

- - Sid eward Flight 41 through 50

- - 
Climb • 51 through 58 - 

-

Maneuvering 59 through 66

- - S

• •~•

44 •

- .1 - 4
~~II ~~

,x~

—



APPENDIX E. TEST DATA 
-

INDEX

FIGURE Figure Number 
-

- Figures 1 through 8 deleted

Static Stability
Control Positions in Trimmed Forward Flight 9 and 10
Control Positions in Sideward Flight 11

Static Longitudinal Stability 12 and 13

Static Lateral—Directional Stability 14 and 15
Maneuvering Stability 16 and 17

Controllability
- Longitudinal Control Response and Sensitivity 18

Lateral Control Response and Sensitivity 19

Directional Control Response and Sensitivity 20
., Aft Longitudinal Step 21

Right Lateral Seep 22

Right Directional Step 23

Stability and Control Augmentation System
SCAS Oscillation 24
SCAS Failure 25

Vibration Characteristics - - - -

Level Flight 
- 

26 through 34
Hover 35 through 40
Sid eward Flight 41 through 50
Climb • 51 through 58 - 

-

Maneuvering 59 through 66
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