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Block No. 19
utility configured 11-60A and remain a shortcoming. Ground taxi chararcteristics of the

UlI-60A at gross weights above 23,000 pounds and at a forward center of gravity were

unusual it, that precise flight control positioning, concentrated pilot effort and high

workload was required during these operations. The ground taxi characteristics are a

shortcoming, however, they are adequate for the self-deployment mission.
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INTRODUCTION

BACKGROUND

1. The i.te rnal Stores Support Systenm (ESSS) was prnc rred by tlh e
US) Army to fulfillf the self-deployment requirement described In
the Material Need Document (ref 1, app A) for the UHI-60A heli-
copter. Sikorsky Aircraft Division of Unlted Technologies, who
manufactures the UH-60A and ESSS, claimed a drag reduction for
the production ESSS over the prototype system. Separately, the
[IS Army desired to ascertain the effect on the self-deployment
capability of the UI-60A if the Ceneral Electric (GE) T700-CE-700
turboshaft engines were replaced with CE T700-GE-701 engines. To
determine if the UUI-60A still met the self-deployment requirement
with these changes, the US Army Aviation Systems Command (AVSCOM)
tasked the US Army Aviation Engineering Flight Activity (USAAEFA)
(ref 2, app A) in January 1986 to plan, conduct and report on
level flight performance testing of the UIR-60A helicopter equipped
with a production ESSS and four external fuel tanks.

TEST OBJECTIVE

2. The objective of this evaluation was to obtain level flight
performance data for use by AVSCOM to determine if the UII-60A
with the production ESSS installed and proposed engine change
meets the self-deployment requirement.

DESCRIPTION

3. The test helicopter, a UJ!-60A Black Hawk, US Army S/N 82-
23748, was configured with a production ESSS, two 450-gallon
fuel tanks mounted at the Inboard store stations, and two prepro-
duction 230-gallon Fuel canks at: the outboard stations (photo 1).
The ESSS for the Black llawk consists of airframe fixed provisions
and the external stores subsystem. The external stores s;ubsysteiti
is comprised of a horizontal stores support, two diagonal support
ULrts, and two vertical stores pylons for each side of the

air'r-lft . The pylons are designed to accommodate a variety of
,r,•s. All stiore stjnt Inns permit jetti:;ion of stores. lhe ISSF;
In, tra.' t system ;y •. iwa*; imot complete ly IustWa lted in the test:

dJr. .,i . A d1p.;cript ilon of the ;lnda ccd III1-60A Black llawlk can

I, fouInl in the opl -,aIto'i s tmani nafl . (ref 3, app A) anid a morlý
,!.L.ai c'pls,-;crlpti(no of Ithe KSS and external fuel me lmis mc

most pmvpipable Copy
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"TEST SCOPE.

4. The level flight performance tests were conducted at Edwards
AFl (elevation 2302 feet) and Bakersfield (488 feet), California.
A total of 12 flights were conducted between 28 May and 19 ,Jliil*
1986 for a total of 13.9 productive flight hours. All test
flights were conducted In the production ESSS with four tanks
configuration. Flight restrictions and operating limitations
observed throughout the evaluation are contained In the operator's
manual (ref 3, app A) and airworthiness release issued by AVSCOM
(ref 4). Testing was conducted in accordance with the test
plan (ref 5) at the conditions shown in table 1.

TEST METHODOLOGY

5. The flight test data were recorded by hand from test
instrumentation displayed in the cockpit, by on-board magnetic
tape recording equipment and via telemetry to the UeP 1 TinOP DLl
Acquisition and Processing System. A detailed Listing rf test

Instrumentation Is contained in appendix C. Airspeed caltbra-
tIon data was supplemented by test data from a previous USAAEFA
evaluat:ion (ref h, app A). Flight test techniques and data
reduction procedures are described in appendix D.

3



II
Table 1. Level Flight Performance Test ConditionsI

z Q.

I Longitudinal

Gross Center of Pressure Tru,. Airspeed
Weight Gravity Altitude Range Rema rks
• (lb) (FS) (ft) (kt)

15,200 7530 42 to 152
16,040 350.02 9350 45 to 149 Base line
17,480 1 10,150 45 to 145
19,260 10,380 47 to 128

18,060 341.8 99702 42 to 135 Longitudinal
17,440 357 .7 46 to 144 center of gravity effect

21,140 342.72 5080 42 to 140 Dimensional flight

23,560 2150 39 to 133 conditions effect

!7,080 350.22 10,4502 123 Sideslip effect
18,920 + Ill

NOTES:

ITests were conducted at a referred rotor speed of 258 rpm, at a mid lateral
center of gravity in the ESSS with four tanks configuration, and with the
automatic flight control systems ON.

2 Values represent average test conditions for appropriate table entry.
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RESULTS AND DISCUSSION

GENERAL

6. The level flight performance evaluation of the UII-60A heli-

copter with the production ESSS and production ferry tanks in-

stalled was conducted at Edwards AFB, (2302 feet) and Bakersfield

(488 feet), California. The power required for level flight was
determined for this configuration for use by AVSCOM to calculate

the ferry range and fuel reserves for the self-deployment m!ssion.

The data were obtained and analyzed using ball-centered flight
as the trim condition at a referred rotor speed of 258 revolutions

per minute. The installation of the production ESSS and four
external fuel tanks for the self-deployment ferry mission

increased the drag of the normal utility configured UH-60A by

approximately 13.5 square feet of equivalent flat plate area.

This represents a drag reduction of approximately 4.5 square
feet from the prototype ESSS configuration. The takeoff charac-

teristics were similar to a normal utility configured UH-60A and
remain a shortcoming. Ground taxi characteristics of the Ull-60A

at gross weights above 23,000 pounds and forward cg were unusual,

required high pilot workload and are a shortcoming.

LEVEL FLIGHT PERFORMANCE

General

7. Level flight performance tests were conducted at the test
conditions in table I to determine the power required for the
UH-60A equipped with a production ESSS and four external fuel
tanks. Level flight power required test results are presen.ted
in figures 1 through 11, appendix E. Techniques used in

analyzing the performance data are described in appendix D.
The data were corrected for estimated drag of external test
instrumentation and the electrical load used by the test instru-
mentation. Data from test flights at various aircraft longitu-
dinal cg's, dimensional flight conditions, and sideslip angles
were compared to the base line level flight performance data to
determine the effects on power required.

Base Line

8. The test conditions for the base line level flight performance
tests (figs. 3 through 6, app E) were selected to minimize dimen-
slonal flight parameter variations. Previous test results (ref 7,

app A) showed an unresolved difference In power required at

the same true airspeed and thrust coef[[dcent , but different
gross weight and altitude combinations. The four test flights were
4Of(tducted at pressure altitudes near 10,000 feet. The base line
datL wi, pr, CI0 1i I t 0 r UV tes t reiilt1ti for the UII-60A I n the

5



normal utLility configuration and with a prototype ESSS installed
with four external tanks. The test results of these base line
flights when compared to the results reported for the UH-60A with
a prototype ESSS installed with four tanks (refs 8 and 9, app A)
show an average drag reduction of approximately 4.5 square, feet
of equivalent flat plate area. Compared to the normal utility
configured UH-60A Black Hawk, the installation of the production
ESSS with four tanks increased the drag by approximately 13.5
square feet.

Longitudinal Center of Gravity Effect

9. Tests were conducted to determine power required as a function
of aircraft longitudinal cg position. Test flights near the
expected forward and aft cg limits for self-deployment ferry
mission (figs. 7 and 8, app E) were conducted and the data com-
pared to the mission mid cg base line data to determine the change
in equivalent flat plate area. Figure A presents the test results
in terms of change in equivalent flat plate area from the base
line cg. At the expected takeoff cg for the ferry mission, fusel-
age station (FS) 343, the drag is 5.2 square feet higher than for
the mission mid cg (FS 350). A drag reduction of 4.4 square feet
was determined for the mission aft cg (FS 358) flight. A large
portion of the self-deployment ferry mission is conducted with
the aircraft longitudinal cg location forward of the baseline data
obtained during this evaluation. Compensation for changes in air-
craft cg during the ferry mission should be included In the ferry
range determination using the data presented in this report.

Dimensional Flight Conditions Effect

10. Tests were conducted at different dimensional flight condi-
tions (airspeed, gross weight and altitude) that yield the same
nondimensional values of main rotor advance ratio and thrust
coefficient (figs. 8, 9, and 10, app E). Previous performance
tests and data analysis (ref 7, app A) of the UH-60A did not
produce consistent results using solely a nondimensional analysis.
Stabilator position was determined to be a contributing factor
htit did not completely t,xplal.n the phenomenon.

11. The test data obtained during this evaluation initially showed
the same inconsistent results. The test airspeed boom system used
for data reduction was discovered to be influenced by thrust
coefficient (para 5, app D) Until now the position error for the
Lost boom was assumed to be independent of aircraft flight param-
eters. Once this effect was incorporated into the data reduction
mpthod, the nondimensiona l analysis produced consistent test
ri-.;ults ,it all but the fastest airspeeds. At these airspeeds

6)
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and dl fl'r-,nIl d liiusl onall cond It: I ons, the effect of the stabl. litor

positLon on power required (paira 13, app D) explained most of
tthe remaining power required difference.

Sideslip Effect

12. Limited test data were obtained to determine the effect Of
sideslip angle on power required (fig. 1i, app E). The trend of
change in equivalent flat plate area with sideslip was similar
to that obtained in previous tests of the normal utility config-
ured UII-60A (ref 7, app A), however, the amount of change in
power required as a function of sideslip angle was less.

HANDLING QUALITIES

General

13. Control positions, aircraft attitudes and inherent sideslip
angles were obtained in conjunction with the level flight per-
formance tests. Handling qualities of the UH-60A in the test
configuration were qualitatively evaluated and found to be similar
to the normal utility configueed U11-60A. The ground taxi charac-
teristics of the Ull-60A at gross weights above 23,000 pounds and
forward cg location were unusual, required high pilot workload
and are a shortcoming. Takeoff characteristics were similar to
a normal utility configured UH-60A and remain a shortcoming.
The position error for the ship's airspeed system was increased
by approxim'ately two knots due to the installation of the ESSS
with four tanks.

Control Positions in Trimmed Level Flight

14. Flight control positions and aircraft attitude data were
obtained in conjunction with the level flight performance tests
and are presented in figures 13 through 15, appendix E. The
data presented in these fig ares show the effects of thrust
coefficient, longitudinal cg location and dimensional flight
conditions. The trends of control position with airspeed were
similar to those of the UII-60A helicopter in the normal utility
configuration.

Ground Taxi( Characterlstics

15. The ground taxi characteristics of the U14-60A in the ESSS
with [our tanks configuration were qualitatively evaluated during
the, perform ance evaluation. Ground taxi characteristics at
pross weights less than 22,000 pounds at all longitudinal eg
locatfonsr, were similfar to a normal uttLLtty configured UI-60A.

8



At gross weights from 23,000 to 24,500 pounds and a forward
longitudinal cg location (FS 343) the pilot was required to
position the flight controls precisely and concentrate on con-
trolling the aircraft in order to taxi, on a level paved surface.
To initiate forward aircraft movement, the collective control
was raised to approximately mid position and the cyclic controls
placed slightly forward of center. Initiating and maintaining
forward aircraft movement (taxiing) was difficult and very sensi-
tive to flight control applications. Precise cyclic (+1/4 inch)
and collective (+1/2 inch) control positioning was required. If
too much forward cyclic control was applied with the collective
control required to taxi, the aircraft did not move forward but
only rotated about the main landing gear lifting the tail wheel
off the ground. Small lateral cyclic control application caused
the aircraft to bounce on the main landing gear in a lateral
rocking motion suggestive of ground resonance. This response was
easily stopped by lowering the collective control or centering
the cycLic. Aplying too much collective control with the cyclic
control centered caused the aircraft to leave the ground. When
the proper combination and amount of forward cyclic and collective
controls were applied, the aircraft moved forward at the pace of
a slow walk. This speed could not be changed with any control
application. Turns while taxiing were accomplished by small
(+1/4 inch) lateral cyclic and pedal (+1/2 inch) control move-
ments. These unusual ground taxi characteristics are not exhibited
by the UH-60A when operated within its normal gross weight and
cg limitations. Ground taxi characteristics that require high
pilot workload at gross weights above 23,000 pounds and forward
cg are a shortcoming, but are adequate for the intended self-
deployment mission. The following note should be incorporated
into the U11-60A operator's manual.

NOTE

Ground taxiing the aircraft in the ESSS
with rour tanks configuration above 23,000

pounds and a forward longitudinal cg
locaL[.on, rerlilres precise control appli-

I Iolon!; to Inll: [ te and maii. ritatn In Forward
mlovemCent . With sufficient collective con-

trol applied, too much forward cyclic
control nppil cat [on cntses the tail wheel
to Lift off the ground and any lateral
cyclic control application causes the
aircraft to bounce on the main landing
gear in a lateral rocking motion. Too

mciir CII11ectl w. Ve control ,applii e'lion
r I , 111L! IIn tin aIrcrnfa t I. ii I g olr I II(

11),l 1ll(1
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Takeoff and Landing Characteristics

16. The takeoff and landing characteristics of tile UH-60A in the
ESSS with four tanks configuration were qualitatively evaluated
during tile performance evaluation. Normal takeoffs from and

landings to a hover were similar to a UII-60A in the normal
utility configuration at similar gross weights and longitudinal
cgs. Takeoff at 24,500 pounds gross weight (820 feet density
altitude and forward longitudinal cg location, FS 343) was
accomplished from a 3-foot hover using the level acceleration
technique. This technique was used since a normal. takeoff profile
(accelerate and climb) was not possible because of the gross
weight, altitude and power available. Approximately 98% engine

torque was required to hover at these conditions. The aircraft
accelerated forward slowly after forward cyclic and increasedl
collective controls were applied. The pilot was required to
monitor engine torque and rotor speed closely while maintaining
the 3-foot wheel height during the acceleration portion of the
takeoff. The aircraft exhibited a noticeable 5 to 7 degree nose
down pitch attitude until reaching approximately 40 knots indica-
ted airspeed. At approximately 45 knots, a pitch over tendency
occurred. Up 'o 90% aft longitudinal cyclic control (10% aft
longitudinal control remaining) was required to arrest the pitch
over. In addition, small (+1/8 inch) frequent cyclic and moderate
(+1/2 inch) occasional directional control movements were required

throughout the takeoff. These aircraft characteristics and
control requirements increased the pilot workload and were
objectionable (HQRS 5) (fig. 1, app D). Similar characteristics
for normal takeoffs were described for a normal utility configured
Ull-60A (ref 10, app A) and reported as a shortcoming. The objec-
tionable takeoff characteristics for this UH-60A in the ESSS
with four tanks configuration are similar to a normal utility
configured U11-60A and remain a shortcoming.

INHERENT SIDESLIP CHIARACTERISTICS

17. The inherent sideslip angles were measured and recorded during
all test flights. Like the previous test results (refs 7, 8, and
9, app A), the inherent sideslip varied with thrust coefficient
aid alrspeed. No consistent t.rend with [ longitudinal cg loeation
or dimen sionnl filigh cond(t'(1on war, determifned. The data from
rll the Lest flights were grouped according to thrust coefficient
and faird to determine the inherent sideslip for the UH-60A in
the ESSS with four tanks configuration (fig. 12, app E). Compared
to the TI[-60A in the normal utility configuration, the inherent
sideslip was 2 to 3 degrees further left. This characteristic
a,,rec; wl.lh res•ults reported previooisly on the UIl-60A with a-
protolype ;'S, insttalled (refs 8 and 9, app A).

10



PITOT-STATIC SYSTEM CALIBRATION

18. Airspeed calibration tests were conducted to determine the
position error of the airspeed system for the Ull-60A in the ESSS
with four tanks configuration. Two flights were conducted us ing
a pace aircraft with a calibrated pitot-static system installed.
The position error determined from these EILghts is presented in
ftigure 16, appendix Fl. Also presented I.n this figure are data
from a previous llSAAEI'A test (ref 6, app A). Compensating for
the longitudinal cg difference between the data sets (+1.0 k;uot),
the position error for the UII-60A in the ESSS with four tanks
configuration is approximately 2 knots higher at 110 knots
indicated airspeed than the normal utility configured Black
Hawk. This airspeed is near tile long-range cruise airspeed' for
the ferry mission. This airspeed position error should be
Incorporated in the performance planning section of the 111-60A
operator's inanual for the ESSS with four tanks conFigured Black
Hawk.

19. A test airspeed boom was mounted at the nose of the test
aircraft and is described in paragraph 3, appendix C. The
airspeed boom was used as a speed reference in order to determine
the effects of tlirust coefficient and aircraft longitudinal cg
on the ship's airspeed system position error. The data to
determlne these effects was obtained in conjunction with the
level flight performance tests and are presented in figures 17
and 18, appendix E. A trend of increasing position error with
increasing thrust coefficient, approximately 1.5 knots, was
determined for the thrust coefficient range tested. Changing
the aircraft longitudinal cg location from FS 358 to FS 343
increased the position error approximately 3 knots over the
entire airspeed range.

i

I 11 :



CONCLUSIONS

CENERAL

20. Based on this evaluation, the following conclusions were
reached about the UII-60A Black Hawk with the production ESSS
installed with two 450-gallon tanks and two preproduc tion
230-gallon tanks mounted at the inboard and outboard pylons,
respectively.

a. The production ESSS wit!, Four tanks configuration was
determined to have approximately 4.5 square feet less drag than
the prototype ESSS with four tank configuration previously tested
(para 8).

b. The addition of the production ESSS with four tanks to
the UlI-60A Black Hawk increases the drag by approximately 13.5
square feet (para 8).

c. The drag of the UH-60A with the production ESSS and four
tanks varies 9.6 square feet of equivalent flat plate area with
aircraft longitudinal cg variation from FS 343 to FS 358 (para 9).

d. The effect of sideslip on power required was less than
that for a normal utility configured UH-60A (para 12).

e. .The ship system airspeed position error varied with
aircraft longitudinal cg location and thrust coefficient
(para 19).

SHORTCOMINGS

21. The following shortcomings were identified.

a. The ground taxi characteristics of this UHI-60A at gross
weights above 23,000 pounds and forward cg location that require
high pilot workload are a shortcoming, but adequate for the
internded self-deployment mission (para 15).

b. The takeoff characteristics of the UI[-60A in the ESSS
,wi tl Four tanks con figu ration are simi.l.rr to a normal utility
configulred UIIl-6nA and remain a shourtomnng (para 16).

t2



RECOMMENDATIONS

22. The following rccommendati.Jns are made:

a, The power required data presented in this report should

be used to determine the ferry range and fuel reserve of a UH-60A
with a production ESSS installed with two 450-gallon and two 230-
gallon external fuel tanks at the inboard and outboard pylon
stations, respectively (paras 8 through 12).

b. The following NOTE should be placed in the operator's
manual (para 15).

NOTE

Ground taxiing the aircraft in the ESSS
with four tanks configuration above 23,000
p)ounds and a forward longitudinal cg
location, requires precise control appli-
cations to initiate and maintain forward
movement. With sufficient collective ron-
trol applied, too much forward cyclic
control application causes the tail wheel
to lift off the ground and any lateral
cyclic coa1 trol application causes the
aircraft to bounce on the main landing
geir In a lateral rocking motion. Too
much collective control application
results in the aircraft lifting off the
ground.

c. The ship system airspeed position error determined for

the ESSS with four tanks configuration should be included in
the performance planning section of the operator's manual (paras
18 and 19).

4



APPENDIX A. REFERENCES

lDOCLIPelnt, TRAI)OC, ATCD--8, UII-60A Black Hawk 'MALerial Need,
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APPENDIX B. DESCRIPTION

GENERAL

I. The UH-60A is a twin engine, single main rotor helicopter with,
uonretractahle wheel-type landing gear. A movable horizontal stab-
ilator is located on the lower portion of the tail rotor pylon.
The main and tail rotor are both four-bladed with a capability
of manual main rotor blade and tall pylon folding. The cross-beam
tail rotor with composite blades is attached to the right side
of the pylon. The tail rotor shaft is canted 20 degrees upward
from the horizontal. Primary mission gross weight is 16,260
pounds and maximum alternate gross weight is 20,250 pounds. The
maximum gross weight was increased to 24,500 pounds for the self-
deployment ferry mission. The UlI-60A is powered by two General
Electric T700-GE-700 turboshaft engines having an installed
thermodynamic rating (30 minute) of 1553 shaft horsepower (shp)
(power turbine speed of 20,900 revolutions per minute) each at
sea level, standard-day static conditions. Installed dual-engine
power is transmission limited to 2828 shp. The aircraft also
has an automatic flight control system and a command instrument
system. The test helicopter, UIL-60A US Army S/N 82-23748, was
manufactured by Sikorsky Aircraft Division of United Technologies
Corporat [on, and is from the sixth year production lot.
The addition of a nose-mounted airspeed boom is the main
external difference between the test aircraft and a standard
sixth year production Ull-60A helicopter with the External Stores
Support System installed. The external configuration of the
test aircraft (photos I through 8) was the same for all test
flights. The fuel transfer components of the external fuel
system were not completely installed in the test aircraft. Fuel
was not capable of being transferred from the external fuel Lanks.

EXTERNAL STORES SUPPORT SYSTEM

2. The External Stores Support System (ESSS) consists of the
airframe fixed provisions and the removable external stores
subsystem. The ESSS was designed to enable the UH-60A to carry
external stores such as auxiliary fuel tanks or various weapons
systems.

3. The airframe fixed provisions (fig. 1) are the fuselage
attachmnent structure required for the installation of the re-

wIflV1blL external] stores subsystem. The removable external stores
sibsystelw consists of the horizontal store support which Is a
composito ho>:ed i-beam sLrnctnre, the support struts (two on
each wing) and the vertical stores pylons (two on each wing) all
of which are enclosed with thin aluminum fairings. Ejector racks
were moiunted on Lhe vertical stores pylons at a 4' nose up angle

15
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with reference to the aircraft waterline. For thils test, Model
MAU-40 ejector racks were mount ed on the I nboarcrd py 1 on,, aind

IMtl-22A ejector racks on the outhoard pylons.

4. Tie 230-gallon fuel tanks mounted at the outboard stores
station were preproduction tanks manufactured by Tre-Fibertek.
Fiber Technology Corporation WFG Part No. 230SFT001-11, and
were constructed out of composite materials. The tanks were
filled, as re(luired, with 230 gallons of ordinary water, and
used as ballast for the tests. The 450-gallon fuel tanks were
manufactured by Sargent Fletcher Fuel Tanks, MFG Part No. 72429/
29-450-48295 and rervaPi, ed empty for the tests. All to,,r tanks
were finished with ext er [or top co(t, MII.-L46-1 59 olive drab
acrylic lacquer No . 3406/

EXTERNAL MODI FICATIi.•

5. Sever;,l external inodtficatious were I-ade to the test aircraft
for iu.strumetatl.ton. These modifications were not part of the
standard LIlI-60A or the t SSS. Drag estimates for these items
totaled 0.843 tr 2 of equivalent flat plate area. rach Item t5;
"ltsted below:

Ai rsp'eed hood
A b i0n [ A I r Leinpe ratire r euso r
Telemctry antenna (2): one on the underside of the tail boom
near the forward tail wheel strut attachment point, the other
to the right of the left main wheel strut aLtachment point.

25
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APPENDIX C. INSTRUMENTATION

GENERAL

I. The test instrumentation was installed, calibrated and main-

..... tained by the US Army Aviation Engineering Flight Activity. A

test boom, with a rwiveling pitot-static tube and angle-of-attack
and sideslip vanes, war. installed at the nose of the aircraft.
Two telemetry antennae were mounted to the underside of the

-- fuselage and tail boom. All other instrumentation was installed

inside the test aircraft. Data were obtained tron calibrated
instrumentation and displayed or recorded as indicated below.

Pilot Panel

Airspeed (boom)
Airspeed (ship)*
Altitude (boom)
Altitude (ship)*
Rate of climb*
Rotor speed (sensitive-digital)
Engine torque* **
Turbine gas temperature* **
Power turbine speed (N)* **

Gas producer Speed (Ng* **

Control posit ion
Longitudinal
Lateral
Directional
Collective

Horizontal stabilator posltion*
Center of gravity (cg) latera] acceleration (sensitive)
Angle of sideslip

Copilot Panel

Event switch
AIr.peed*
Alt ituldC*
Pt or ;pt,cd*
Fl. ntDln torqucv *

Balla.qt cart control
Ballast cart, position
Ftipi rein;infnlp,* **

*•Shlp' F systLein/'nnLt r i hraLcd
***Both gtnc',

1, Z6

&.
".4.

I i ~- -



Engineer Panel

Pressure altitude
____Ambient pressure ....... . .

Engine fuel flow**
Engine fuel used**

APU fuel used
----Total air temperature.

Instrumentation controls
Time code display
Run number
Event switch

?. Data parameters recorded on board the aircraft and available
for telemetry Include the following:

Dgita] (PC.M) Data Parameters

Airspeed (boom)
Altitude (boom)
Airspeed (ship's)
Altittide (ship's)
Total air teiiip,,raiure
Rotor Speed
Can generatur speed**

S~Engine fuel flow"*

EniniL-e fuel temperature"*

Engine output shaft torque**

Turbine gas tenperature**
APU fuel used
CC late ril accelerit ion (S c,il.,tlvu)
Staollator position
Movable ballast locatlion
Conit rol pos it Lton

Long i t lid i ia 1

L,at I ral
Direc tional
Collect Lve

At L i tude
Pitch
Rol l
iIead Iug

*Sthip'. )-V5;tt.in 4 ';1 Ih pr;, t;'4

"Both -. l11(5s
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Tall rotor impressed pitch (blade angle at 0.75 blade span)
Angle of sideslip
Angle of attack
Time of day
Run number
Pilot event switch
Engineer event

TEST BOOM AIRSPEED SYSTEM

3. The test boom airspeed system mounted at the nose of the test
aircraft provided measurements of airspeed and altitude. Sensors
for angles of attack and sideslip were also mounted on the test
boom (photo 1). The tip of the swiveling pitot-static tube
was 67 inches forward of the nose of the aircraft (FS 97), 25.7
inches to the right of the aircraft reference butt line (BL 25.7)
and 7 inches below the forward avionics bay floor, WL 208. The
"bent-up" shape provided ground clearance for aircraft operation
at heavy gross w;eights and forward longitudinal center of gravity
locations.

AIRSPEED CALIBRATION

4. The test boom airspeed system along with the ship's standard
systems were calibrated In level flight. A calibrated T-28 pace
aircraft was used to determine the position error. Data obtained
[rom a previous USAAEFA evaluation (ref 6, app A) using the same
aircraft and boom airspeed were used to corroborate test data.
The position error of the boom airspeed system is presented in
Figures I through 3.

ENGINE CALIBRATION

5. Each engine torque sensor system was specially calibrated in
.1 test cell by the eng[ne nanuEfacturer, General Electric.
F i gures. 4 :and 'i presvi' ilih c;il hrirt Lon.,; uised to determine engine
output power.

28



-T7 -- 7 1... ..
....f .------ - i; t .... ..

VC - 7*

'4AIBtATI X

..........

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

:T

7. 1 AT~--

355 :A T.I L

.______ . ....

-I--- v- //-T l Nf

I ........ _

... .......

mlm

Li~~~~ 
.. ........: 

K

, ...~ , . .... ... .. .... O

.. .. .. ... =7,

:7 T .71.1

4' !. anCT A E kAS ----

-or 77 ý -''i

0-I jz J



ýQJ9$-YZT M ..........T~Q .INLV~ 1LI4

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

I 0 --- ILOCT~Q~f !N~T 'xQT~ O~-tii~RCRAFT
.S RLON0 T-iT -'A ...S....$$kI~tO

77U -- v -4---

-4--~~~~~~r... .. . ., .-- 1 J4 1 ].L)i ______________

.......... .... ....
T j _.... .....

'*1'*

ILI

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

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

S~~~~~. ._....! ~ ~ ..... ~ . ...



------- -------- V A 7A

.~~ - T V!'-

_____T I 2 RTJ OS ? i.L 4x JýI *6I~rr

-j ;----.----" 1- ---------------- 4 ~ 4

I

T -wi

I~. . ....... ......

... _ _....

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

______________77____________ .._________________ .___ ...._____......____

S 
_ _r

I j

----H--- IýFEO

NOT' AND _K -US_..

0 - - IAI D_ _ALR PEJb _C N0 S -------

/ 04*-..



Iii

I I I L1 ::~~:~:I:;: I

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

__ ___ _ 

........

.... ......

. I .. ~ .. .. .. ... .. .

*ili

_ j......f...---- --- ---- 7 7 .. ... ..1--- --. ..
I I jilI .7I

iI A: .....2



T I
. . .. . ..I

i- Im

77 .. ... .~A L L E J L L j . .

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

I -__l~N V.. .f W

k1j M _ -- ---- ------

-~~ I L_
_ _7;_ -1

I I '' I

o r_ _ _ -i ..... .. _ _ _ _
.1 i ..... _ 7_

-_ _ _ _ _ _ -------

H I _ _ _ _ _ _ _ _ _ _ _ _

w4- 
-.7-

_...........

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

4 T i-OF

'iL I = J -7.

. .. ..-

-~~~ --- ------I/ J I

-~~~..... .. , ~ .

a.1

I ~fT a

I I I I
SE, I- -___



-_h

-°' - -----
•'-

- --- -

--

II

-~P-0

iU

• "••",• - ,•', :._- •• -. -•:• •r :•....,•.•_"• -.- • _'• '•.• •: ,•-_L,'•.4•-= ..... ,••4••'°•.",." '•.•_,o•-o.••" •¢ " - "



APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1. A flight controls engineering rigging check was performed on
the main and tall rotors during a previous test program conducted
by the US Army Aviation Engineering Flight Activity (ref 6,
app A). The stabilator control system was also checked to insure
compliance with the production stabilator schedule. The rigging
complied with the established limits and no changes to the flight
controls were made for this test program. The rigging data are
presented in table 1.

AIRCRAFT WEIGHT AND BALANCE

2. The test aircraft was weighed initially with the complete
instrumentation system and the External Stores Support System
(ESSS) with Four tanks installed, full oil and all fuel drained,
and al.l ballast and ballast boxes removed. The weight of the
atrcraft in this configuration was 12,987 pounds with a longitu--
dinal center of gravity (cg) located at fuselage station (FS)
352.2 and lateral cg at butL line (1L) 0.1 trFt. The insta].lat.on
of the production ESSS Increased the empty weight of the aircraft
by approximately 1238 pounds. The fuel transfer control panel and
fuel transfer lines (components of the ESSS) were not installed
for this test.

3. Lead weights secured inside the aircraft and ordinary water
in the outboard 230-gallon fuel tanks were used to adjust aircraft
gross weight and cg for test purposes. The outboard 230-gallon
fuel tanks were either empty or full of water to prevent sloshing
and cg shifts during flight. Because of the large gross weight
and cg variations used during the evaluation, the aircraft was
weighed several times to confirm calculated aircraft weights and
cg's. The external aircraft configuration (I7SSS with four tanks)
was the same for all test flights.

4. The fuel weight for each test flight was determined prior to
etlgIne s.tart and after engine slhutldown by using external sight
gagecs; to dotLe I-mi ne the vol sine amd measur Ing Lhe I ,specI f c wei ght:
0, the Fie, l . Ir,(:xcept For tiwn F!lghish. near 16,00() pounds gross

weight., aFrc:raft cpg was controlled by a inoveable ballast system.
The :movtahl, e nl Imlit.. ý,vstiein was•; a cart (2664 pound capacity)
at.tached to the cabhin floor by ra Ls and driven by an electric
Jack screw. It ha1d a total longi tud inal travel of 72.7 inches
(PS •31.0 to FS 373.7). The longitudinal cg was allowed to vary
+2.0 inches For tOle two level flight plerformance test f ights[
Ior which t ie ct , control]. system was not installed.

35



Table I. Main and Tail Rotor Rigging Information

Main Rotor Rigging

Flight Control Position 'Swashplate Tilt Collectivel

(Degrees) Blade Pitch
at the Root

Collective Longitudinal Lateral Pedal Long Lat (degrees)

Low *2 * * -8.7 -2.1 9.6
Hi1gh * * -4.2 -3.3 24.3
Low AFT LT * -9.4 -7.4 8.8
High AFT LT * -9.2 -7.6 24.0
Low FWD RT * 11.0 7.2 9.3
High FWD RT * 17.3 6.5 23.4
High AFT LT LT -11.3 -7.7 23.6
Mid AFT LT * -11.7 -7.5 16.6
Mid Fwiý RT * 15.6 6.2 15.5
Mid * * * -7.4 -2.6 j 17.0

Tail Rotor Rigging

Flight Control Position Tail Rotor Collective Blade Pitch1

at the Root
Collective Pedal (Degrees)

Mid LT -23.3
Mid RT 7.5
Mid MID - 7.7
Low MID - 0.1
High MID -16.2
High LT -23.8
High RT 1.8
Low RT 6.3
Low LT -15.7

NOTES:

lAverage o" four blades.
2 *lndicates appropriate control was pinned at a rigged position.
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AIRSPEED CALIBRATION

5. Two flights were conducted during this evaluation to determine
the position error of the test airspeed boom system. The data was
obtained at two values of thrust coefficient. The position error
for the two data sets did not agree. Test data from a previous
evaluation of the same U1I--60A but in the normal utility configu-
ration (ref 6, app A) were compared to the data obtained for this
evaluation (figs. 1 through 3, app C). The same test technique
(pace aircraft) and data reduction methods were used. The position
error was determined to be a function of thrust coefficient
after these data were combined. A linear interpolation with
thrust coefficient was used to obtain the position error for
data reduction.

PERFORMANCE

General

6. Helicopter performance was generalized through the use of non-
dimensional coefficients as follows using the 1968 US Standard

Atmosphere:

a. Coefficient of Power (Cp):

SHP (550)

pA(QR)

b. Coefficient of Thrust (CTr):

Gw
((T (2)

Wle r C

SlIPl Engpine output shaft horsepower (total for both engines)

p = Amblent ni r clonsity (lh-s-ec2 /Ft 4 ii
p ) .000237rq (I b--7 1 c) 2/ ;4)

17



Pa
Pressure ratio =

Pao

Pa Ambient air pressure (in.-Hg)

Pao 29.92126 in.-Hg

OAT + 273.15
e = Temperature ratio = 288.15

OAT = Ambient air temperature (°C)

A = Main rotor disc area = 2262 ft 2

S= Main rotor angular velocity (radians/sec)

R = Main rotor radius 26.833 ft

GW = Gross weight (ib)

VE

VT = True airspeed (kt) _

1.6878Vpl/o

1.6878 = Conversion factor (ft/sec-kt)

VE = Equivalent airspeed (ft/sec)

7(70.7262 Pa) Qc 2/7 1/2

70.7262 = Conversion factor (lb/ft 2 -in.-Hg)

Qc = Dynamic pressure (in.-Hg)

Pa = Ambient air pressure (in.-Tlg)

At the normal operating rotor speed of 257.9 (100%), the following
constants may he used to calculate Cp and CT:

QP = 724.685
(•)2 = 525,168.152 I
(qR) 3 = 380,581,411.9

38
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7. The engine output shaft torque was determined by use of the

engine torque sensor. The power turbine shaft twists as a function

of applied torque. A concentric reference shaft is secured by

a pin at the front end of the power turbine drive shaft and is

free to rotate relative to the power turbine drive shaft at the

rear end. The relative rotation is due to transmitted torque,

and the resulting phase angle between the reference teeth on the

two shafts is picked up by the torque sensor. The torque sensors

for engines installed in the aircraft during this evaluation were

specially calibrated in a test cell by the engine manufacturer,
General Electric. The output from the engine sensor was recorded
on the onboard data recording system. The output SUP was deter-
mined from the engine's output shaft torque and rotational speed
by the following equation.

Q(Np)
sHiP = (4)

5252.1•13

Where:

Q= Engine output shaft torque (ft-lb)

Np Engine output shaft rotational speed (rpm)

5252.113 = Conversion factor (ft-lb-rev/min-SlIP)

The output SHP required was assumed to include 13 horsepower for

daylight operations of the aircraft electrical system, but was
corrected for the effects of test instrumentation installation.
A power loss of 1.82 horsepower was used for electrical operation
of the instrumentation. Reductions in power required were made

for the effect of external Lnstrumentgtion drag (para 5, app B).
This was determined by the following equation.

AF 0 (P/o) (VT)
3

S"l'inscr drag = _ .. . . ..... (5)

96254

UM-re:

Ale 0 0.33 ft (esti•nated)

9629 4 - Conwu rn;ion Fractor (f L2 -kt3/ SlP)

The nmot lii l Lvmpvrrratimrr of: 5C wa• •_i. in liMe determina-
Ft CFF urnm Igi oF m ' conumptLion.

ii



Level Flight Performance

G en i r ra 1:

8. Each speed power was flown in ball-cenLered flight by refer-
ence to a sensitive lateral accelerometer at a predetermined CT
and referred iotor speed (NR/ýG). To maintain the ratio of
gross weight to pressure ratio constant, altitude was increased
as fuel was consumed. To maintain NR//8 constant, rotor speed
was decreased as temperature decreased. Power corrections for
rate-of-climb and acceleration were determined (when applicable)
by the following equations.

(R/CTL)(GW)
S[PR/c = - (6)

• 33,000(Kp)

SIIPACrrEi, = 1.6098 x 10- (VT) (GW) (7)

Whe re:

At (ATS + 273.153

= Change In pressure altitude per unit t(m e (ft/min)

0 ATs =Standard ambient temperature at pressure altitude

wwere wa' measured (°C)

Kp 0 U.70 7 pow)ur curreci. ion tactor

1 .6G98 x I Conve rIon f:-L) r (SIIP-I, q/kt 2 -_1)

40
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Change in airspeed per unit time (kt/sec)

At

A power correction to insure ball-centered test data complied with
the inherent sideslip family of curves depicting the UIl-60A in the
ESSS and four tanks configuration (fig.12, appendix E) was deter-
mined from AFe as a function of sideslip angle (fig. 11) and

equation 5 rewritten as follows.

SHPs/s = (AFe in s/s - AFe B-C0 (P/Po) (VT 3 )
_____ ____ ___ ____(8)

96254

Where:

tYe*in s/s = Change in equivalent flat plate area based on
UII-60A inherent sideslip.

ie*B-C - Change in equivalent flat plate area based on

the sideslip angle measured in ball-centered flight.

*Based on change in engine shaft horsepower.

Power required for level flight at the test day conditions was
determined using the following equation.

SlliPt= SIIP+SliPR/c+SHPACCEL+SIlPs/s-SHlPins tr drag- .82 (9)

9. Test day level flight data was corrected to average test day
conditions by the following equati, s.

(6sy/o0)

SliPs = SHPt (10)

(6t/Ot) --- n ]
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Where:

. . .. NR = Main rotor speed (rev/min) .

subscript t = Test day

subscript s = Average test day

Test data corrected for rate of climb, acceleration, instrumenta-
tion installation, and corrected to inherent sideslip, standard
altitude, and ambient temperature are presented in figures 3
through 10, anpendix E.

10. Level flight performance was determined by using equations I

through 3, rewritten in the following form.

S1113(478935.3)
1 Cp =

5 '0 . .AR
3

GvW(91.19)

CT -

SNR 2 oA2

A. VT(16.12)

= _(14)

Where:

.4 ",78935.3 v fator (ft-lb-sec 2 -rev 3 /min3-SlIP)

91.19 = ( onvers[o,, frICor (sec 2 -rrev 2 /min 2 )

lb.,2 = Cunvcrs on factor (ft-rcv/min-kt)

42
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11. Data analysis was accomplished by plotting Cp versus p
for each test at the average CT. The curves through

. .-- these data were then cross-faired as Cp versus CT for lines of
constant [i (figs. 1 and 2, app E). This carpet plot allows
determination of power required as a function of airspeed and
CT-

-12. The specific range (SR) data were derived from the test level
flight power required and fuel flow (WF ). Selected level flight

t

performance SHP and fuel flow data for each engine were referred

as follows.

SHPt
SHIPREF = (15)

500.5

WFt

FREF

,,,-0 .55

A curve fit was subsequently applied to Lhe referred data and
used as the basis to correcL WF LO sLandard day fuel flow

t
using the follow1r6 equation.

14F =WF + AWF (17)
s t

Where:

-VF =Change in fuel flow between SlIPt and SHPs

The following equation was used for determination of specific
range.

VT
SR = s (18)

WF

Stabilator Position Effect:

11. Tlhe ch;iange III power requircd ito correct for dimensional dif-
fcrt,(t'5,; at tributed to stabl blutr posit ion was obtained from
IiSAAF.A Final Report No. 83-24 , fijgurt 69, appendix 1: (ref 7,

43
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app A). The fairings from this figure were cross-faired as
•p versus stabilator position for specific i's and applied

-to the fairings through the dimensional flight conditions obtained
at forward longitudinal cg (figs. 9 and 10, app E). The test
data at 11,780 feet density altitude (fig. 8) was used as the
base line (ACp = 0) since only the longitudinal cg was differ-
ent for this test data from the base line data used throughout
this evaluation. The following equation was used to determine
the power required to account for stabilator position.

Cp = Cp(base line) + ACp stabilator

Where:

+ or - is employed depending on direction of stabilator
movement when transversing from base line to test
condition 2.
+ ;Stabilator trailing edge up
- ;Stabilator trailing edge down

DFFINITION

Shortcoming

14. An imperfection or malfunction occurring during the life
cycle of enuipment, which must be reported and which should be
corrected to increaae efficiency and to render the equipment
completely serviceable. It will not cause an immediate breakdown,
jeopardize safe operation, or materially reduce the usability of
the materiel or end product.

QI;ALITATIVE RATING SCALE

15. A flandling Qualities Rating Scale (liQRS) was used to augment
piloL comments and is presented in figure 1.
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APPENDIX E. TEST DATA

Figure Figure Number

.Nondimensional Level Flight Performance I and 2
Dimensional Level Flight Performance 3 through 10
Change in Equivalent Flat Plate Area with

Sideslip ii
Inherent Sideslip 12
Control Positions in Trimmed Level Flight 13 through 15
Ship System Airspeed Calibration 16 through 18
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