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INTRODUCTION

BACKGROUND

1. The External Stores Support System (FSSS) was procured by the
US Army to fulflll the self-deployment requirement described in
the Material Need Document (ref 1, app A) for the UH-60A heli-
copter. Slkorsky Alrvcraft Bivision of Unlted Technologlices, who
manufactures the UH-60A and ESSS, clalmed a drag reduction for
the production ESSS over the prototype system. Separately, the
IS Army desired to ascertain the cffect on the self-deployment
capabllity of the U-60A il the General Electric (GLE) T700-GE-700
turboshaft engines were replaced with GE T700-GE-701 engines. To
determine 1f the UWI-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 UN-60A helicopter equipped
with a production ES88S 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 1{if the UI-60A
with the production ESSS 1installed and proposed ecngine change
meets the self-deployment requirement.

DESCRIPTION

3. The test helicopter, a UH-60A Black Hawk, US Army S/N 382~
23748, was configured with a production ESSS, two 450-gallon
fuel tanks mounted at the inhoard store statlens, and two prepro-
ductlon 230-gallon fuel tanks at the outhoard stations (photo 1).
The ESSS for the Black Hawk consists of airframe fixed provisions
and the external stores suhsystem. The external stores subsystem
is comprised of a horizontal stores support, two diagonal support
struts, and two vertical stores pylons for cach side of the
afrcraft.  The pylons are deslpned to accommodate a variety of
ctores. ALY store stations permit jettlislon of sLores. The 1ES8SS
Pucl transfor system was not completely installed in the test
viveraft. A description of the standard UH=-60A Black Hawk can
b found  fo the operator's manaal (cef 3, app A) and a more
detaited deseription of  the K885 and  external  {uel tanks i«

fncdaded In appendix B.
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THST SCOPE

4. The level flight performance tests were conducted at FEdwards
AFB (elevatlon 2302 feet) and Bakersficld (488 feet), California.
A total of 12 flights were conducted between 28 May and 19 June
1986 for a total of 13.9 productive flight hours. All test
flights were conducted {n the productlon 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 airworthinesgs relecasc 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 Dby hand from test
iustrumentation displayed in the cockpit, by on-board magnetic
tape recording equipment and via telemetry to the Real Time Data
Acqulsitlon and Processing System. A detailed Uisting of test
instrumentation Is contalned in appendix C. Alrspeced calibra-
tion data was supplemented by test data [rom a previous USAALFA
evaluation {rel 6, app A). Flight test techniques and data
reduction procedures are described in appendix D.
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Table 1. Level Flight Performance Test Conditions!
a___._._T . : —— I
i Longitudinal i i
Gross | Center of Pressure True Adlrspeed :
Welght Gravity Altitude Raunge
- (1b) (FS) (ft) (kt)
| —= —_ .___-——--__--r.-__-——_..——»-r.___-———--_.—-
15,200 7530 42 to 152
16,040 350.02 ! 9350 45 to 149 Base line
! 17,480 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
— — e ——
[ 21,140 342 .72 5080 | 42 to 140  Dimensional flight
| 23,560 ! : 2150 | 39 to 133 ! conditions effect
1 !
— - -
| 17,080 ! 350.22 10,4502 | 123 Sideslip effect
| 18,920 ! ! 111

SRS BN i

NOTES:

lTests 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

Remarks

automatic flight control systems ON.
Zyalues represent average test conditions for appropriate table entry.

e e ——

center of gravity effect




RESULTS AND DISCUSSION |

GENERAL

6. The level flight performance evaluation of the UH-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 caICulate
the ferry range and fuel reserves for the self-deployment mission.
The data were obtained and analyzed using ball-centered flight
as the trim condition at a referred rotor speed of 258 revolutionq
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 UH-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 1 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 presented
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 ailrcraft 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-
sional flight parameter variations. Previous test results (ref 7,
app A) showed an unresolved difference 1In power required at
the same true alrspeed and thrust coefficlient, but different
pross welght and altitude combinations. The four test {lights were
conducted at pressurce altitudes near 10,000 feet. The base line
datn was compared to previous test results for the UH-60A (n the
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normal utllity conflguration 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 drea. 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 longltudinal cg position. Test flights near the
ecxpected 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 1s conducted with
the alrcraft longitudinal cg location forward of the baseline data
obtained during this cvaluation. Compensation for changes iz air-
craft cg during the ferry mission should be included Iin the ferry
range determination wusing 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 maln 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
but did not completely explaln 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 1nfluenced by thrust
coefficlent (para 5, app D) Until now the position error for the
test boom was assumed to be independent of ailrcraft flight param-
cters. Once this effect was incorporated Into the data reduction
method, the nondimensional analysis produced consistent test
results at all but the fastest airspeeds. At these airspeeds

6
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and different dimenslonal conditions, the cffect of the stabllator
position on power requlred (para 13, app D) explained most of
the remainlng power requivred difference.

Sideslip Effect

12. Limited test data were obtailned to determine the ecffect of
sideslip angle on power required (fig. 11, 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 UH~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 sidesllp
angles were obtained in conjunction with the level flight per-
formance tests. Handling qualities of the UH-60A 1n the test
configuration were qualitatively evaluated and found to be similar
to the normal utility configured UH-60A. The ground taxi charac-
teristics of the UH~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 wutility configured UH-60A and remain a shortcoming.
The position error for the ship's airspeed system was increased
by approximately 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 figures show the ecffects of thrust
coefficient, longitudinal cg 1location and dimensional flight
conditions. The trends of control position with airspeed were
similar to those of the UH-60A helicopter in the normal utility
confipguration.

Ground Taxi Characteristics

15. The ground taxi characteristics of the UH-60A in the ESSS
with four tanks configuration were qualitatively evaluated during
the performance  evaluation. Ground taxl characteristics at
pross welghts less than 22,000 pounds at all longitudinal cg
locations, were similar to a normal utility configured UH-60A.
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At gross welghts from 23,000 to 24,500 pounds and a forward
longitudinal c¢g 1location (FS 343) the pllot was required to
position the flight controls precisely and concentrate on con-
trolling the aircraft in order to taxl on a level paved surface.
To initlate forward ailrcraft movement, the collective c¢ontrol
was ralsed to approximately mid position and the eyclic controls
placed slightly forward of center. Initlating and maintalning
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 coutrol 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 maln landing gear in a lateral
rocking motion suggestive of ground rcsonance. This responsc was
easlly stopped by lowering the collective control or centering
the cyclic. Auplying too much collective control with the cyelic
control centered caused the aircraft to leave the ground. When
the proper combinatfon and amount of forward cyclle 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 taxl 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 UH-60A operator's manual.

NOTE

Ground taxiing the aircraft 1in the FESSS
with four tanks conflguration above 23,000

pounds and a forward longitudinal cg
locatlon, requires precise control appli-
cations to  Inttiate  and maintaln forward

movement. With suflicient collective con-
trol applied, too much forward cyclic
control application canses 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
muach collectlve control application

resulls In the  alreraft Lifting ol the

pronnd.,
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Takeoff and Landing Characteristics

16. The takeoff aud landing characteristics of the UH-60A in the
ESSS with four tanks configuration were qualitatively evaluated
during the performance evaluation, Normal takeoffs from and
landings to a hover were similar to a UH-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 1longitudinal c¢g location, FS 343) was
accomplished from a 3-foot hover using the level acceleration
technique. This technique was used since a normal takeoff profilc
(accelerate and climb) was not possible bhecause of the gross
weight, altitude and power available. Approximately 98% engine
torque was required to hover at these conditions. The alrcraft
accelerated forward slowly after forward cyclic and increased
collective controls were applied. The pillot 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 alrcraft exhibited a noticeable 5 to 7 degree nosc
down pitch attitude until reaching approximately 40 knots indica-
ted airspeed. At approximately 45 knots, a pltch over tendency
occurred. Up o 90% aft longitudinal cyclic control (10% aft
longitudinal control remaining) was required to arrest the pitch
over. 1In addition, small (+1/8 inch) frequent cyclic and moderate
(+1/2 1inch) occasional directional control movements were required
throughout the takeoff. These ailrcraft 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
UH-60A (ref 10, app A) and reported as a shortcoming. The objec~
tionable takeoff characteristics for this UH-60A 1in the ESSS
with four tanks configuration are similar to a normal utility
configured UH-60A and remain a shortcoming.

INHERENT SIDESLIP CHARACTERISTICS

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
and afrspeed.  No consistent trend wilth longitudinal cg location
or dluensfonal fllght condition was determined. The data [rom

allt the test flights were grouped according to thrust coefficient

and faired to determine the Inherent sideslip for the UH-60A in
the ESSS with four tanks configuration (fig. 12, app E). Compared
to the UU-60A in the normal utility configuration, the inherent
sideslip was 2 to 3 degrecs further left. This characteristic
aprecs with results reported previously on the UH-60A with a
prototype ESSS fustalled (refs 8 and 9, app A).
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PITOT-STATIC SYSTFEM CALIBRATION

18. Alrspeed calilbratlion tests were conducted to determine the
positlon error of the airspeed system for the UH~60A in the ESSS
with four taunks configuration. Two flights werc conducted using
a pace aircraft with a calibrated pitot-static system installed.
The position errov determined from these flights 1s presented in
flgure 16, appendix F. Also presented in this flgure are data
from a previous USAAEFA test (vef 0, app A). Compensating for
the longitudinal cg difference between the data sets (+1.0 knot),
the position error for the Ul~-60A in the FESSS with four tanks
configuration is approximately 2 knots higher at 110 knots
indicated airspeed than the normal wutility configured Black
Hawk. This alrspeed is near the long-range crulse alrspeed for
the ferry mission. This airspced position error should be
incorporated in the performance planning section of the UI-60A
operator's manual for the FSSS with four tanks configured Black
Hawk .

19. A test alrspecd boom was mounted at the nose of the test
aircraft and is described 1in paragraph 3, appendix C. The
airspecd boom was used as a speed reference in order to determinc
the effects of thrust coefficlent and alrcraft longitudinal cp
on the ship's airspeed system position error. The data to
determine- these effects was obtalned 1In 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 kunots, was
determined for the thrust coefficlent range tested. Changing
the aircraft longitudinal cg location from FS 358 to FS 343
increased the position error approximately 3 knots over the
cntire airspeed range.
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CONCLUSIONS

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

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

b. The addition of the productlon FESSS with four tanks to
the Ull-60A Black Hlawk 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 varles 9.6 square fcet of equivalent flat plate ares with
atrcraft 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 posltion error wvaried with

aircraft longitudinal c¢g location and thrust coeificient
(para 19).

SHORTCOMINGS

21. The following shortcomings were identified.

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

b. The takeoff characteristics of the Ul~-60A in the 1SS5

with four tanks configuration are similar to a normal utflity
confipured WI-60A and remaln a shortcoming (para 16).
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RECOMMENDATIONS

22. The following recommendatisns are made:

i 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 iuaboard and outboard pylon
~stations, respectively (paras 8 through 12).

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

NOTE

Ground taxiing the aircraft 1in the ESSS
with four tanks configuration above 23,000
pounds and a forward longitudinal «cg
location, requires precise control appli-
cations to 1initiate and maintain forward
movement. With sufficient collective con-
trol applied, too much forward cyclic
control application causes the tall wheel
to ift off the ground and anv latcral
cyclic coatrol application causcs the
alrcraft to bounce on the main landing
gear in a2 lateral rocking motion. Too
much collective control application
results {n the aircraft lifting off the
ground.

c. The ship system alrspeed position error determined for
the ESSS with four tanks configuration sghould be included {n
the performance planning section of the operator's manual (paras
18 and 19).
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APPENDIX B. DESCRIPTION

GENERAL

1. The UH-60A is a twin engine, single main votor hellcopter with
nonretractahle wheel-type landing gear. A movable horizontal stab-
flator is located on the lower portion of the tail rotor pylon.
The main and taill rotor are both four-bladed with a capability
of manual main rotor blade and tail pylon folding. The creoss—bean
tall rotor wlth composite blades 1s attached to the right side
of the pylon. The tail rotor shaft 1s canted 20 degrees upward
from the horlzontal. Primary mlsslon gross weight 1is 16,260
pounds and maximum alternate gross weight 1s 20,250 pounds. The
maxinum gross weilght was increased to 24,500 pounds for the self-
deployment ferry mission. The UH-60A 1is powered by two General
Electric T700~GF-700 turboshaft englnes having an 1Installed
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. Tnstalled 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, UN-60A US Army S/N 82-23748, was
manufactured by Sikorsky Alrcraft Divislon of United Technelogles
Corporation, 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 UH-60A helicopter with the External Stores
Support System installed. The external configuration of the
test aircraft (photos 1 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 tanks.

EXTERNAL STORES SUPPORT SYSTEM

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

3. The airframe fixed provislions (fig. 1) are the fuselage
attachment structure required for the installation of the re-
movable external stores subsystem. The removable external stores
subsystem consists of the horlzontal store support which is a

compostte boxed T-becam structure, the supporl struls (two on

each wing) and the vertical stores pylons (two on each wing) all
nl which are enclosed with thin aluminum fairings. Tjector racks
were mounted on the vertical stores pylons at a 4° nose up angle
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% with reference to the alrcvaft waterllne. For this test, Model
- MAU-40 ejector racks werce mounted on the {nboard pylons and
3 BRU=22A o Jector racks on the outhoard pylons. o
g 4. The 230-gallon fuel tanks mounted at the outboard stores
& statlon were preproduction tanks manufactured by Tre~Fibertek.
é Fiber Technology Corporvation MFG Part No. 230SFTO01-11, and
‘ ~were constructed out of composite materials. The tanks were
v filled, as required, with 230 gallons of ordinary water, and
) used as ballast for the tests. The 450-gallon fuel tanks were
E- " manufactured by Sargent Fletcher Fuel Tanks, MFG Part No. 72429/
N 29-450-48299 and remained empty for the tests. All four tanks
g were finfshied with exterlor top c¢oat, MIL-L46-159 olive drab
‘ acrylic lacquer YNo. 34087,

‘l

[ LXTERNAL MODIFICATIONS

(,

) 5. Severnl external nmedif{ications were wade to the tesl alrcraft

! for fustrumentation. These modifications were not part of the
s standard UH-60A or the ESSS. Drayg cstimates for these items

totaled 0.883 tt2 of rquivalent flat plate area. Tach item is

=", listed below:

- Afrspeed boon

E Arbient alr Lemperalure sensor
’ Telemetry antenna (2): one on the underside of the tatl boom
g near the forward tail wheel strut attachment point, the other
N to the right of the left main wheel strut altachment potnt.
)

g
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APPENDIX C. INSTRUMENTATION

i glen

GENERAL ;

1. The test instrumentation was Installed, calibrated and main- S
m_:;:‘;wH:;r;_AA:tatned by the US Army Aviation Engineering Flight Activity. A T
' test boom, with a swiveling pitot-static tube and angle-of-attack
and sideslip vanes, was {nstalled at the nose of the aircraft.
Two telemetry antennac were wmounted to the wunderside of the
“fuselage and taill boom. All other instrumentation was installed
" inside the test alircraft. Data were obtalned ftrom calibrated
fnstrumentation and displayed or recorded as 1Indicated below.

|
i il

Y

Alvspeed (boom)

Alrspeed (ship)*

Altitude (hoom)

Altttude (ship)*

Rate of climb*

Rotor speed (sensitive-digltal)
Fngine torque* **

Turbine gas temparatiure* ** ]
Power turbine specd (Np)* ** '
Gas producer speed (N 9* *k %
. Control position :
5 Longitudinal

Lateral

Directional

Collective

] Horizontal stabllator positinn*

Center of gravity (cg) lateral acceleration (sensitive)
A Angle of sideslip

PR

-

o g

S T R

LA

Y

Copilot Panel

N Event switch
*] Alrspeed*
Altitudce*
Rotor specd*®

i EIR S

Fopgloe Locque® &%

& Ballast cart control
i. Ballast cart pos{tion
ey Fuel remaining* *%

=y

M

5¢

W X ' ’

Y Ship'e system/not ecalibrated
o **Both englnes

!

[

Ra!

.ﬁ
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Engineer Fanel

Pressure altitude
.—— . Ambient pressure e e PP U IE T TSRy E g L
Engine fuel [low**
Ingine fuel used**
APU fuel used
_....Total air Lemperaturc . . . L e e
--—- Instrumentation coutrols - s - - S e
Time code Jdisplay -
Run number : . c
Fvent switch

7. Data parameters recorded on board the aircraft and available
for telemetry ‘nclude the following: . o B . -

NDigital {PCM) Data Parameters
Airspeed (boom)
Altitude (boom)
Alrspeed (ship's)
Altitude (ship's)
Total air tempoeraiure
Rotor Speed
Cas generator speed**
Power Lurbine speoed®¥
Engine fuel flow**
Fngine fuel temperatureX*
Fngine output shafi torque**
Turbine gas temperature**
APU fuel used
CGC lateral acceleration (scensitfive)
Stavilator position
Movable ballast locatlion
Control position
Longitudinal
Laleral
Directional
Collecttive
Attttude
Pltch
Rol)
ilecading

*Ship's systew/not callbrated
A Both on,1nes

27




Tall rotor (impressed pltch (blade angle at 0.75 blade span)
Angle of sideslip

Angle of attack

Time of day

Run number

Pilot event switch

Fngineer event

TEST BOOM AIRSPEED SYSTEM

3. The test boom alrspeed system mounted at the nose of the test
aircraft provided mecasurements 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 pltot-static tube
was 67 1inches 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 alrcraft operation
at heavy gross welghts and forward longlitudinal center of gravity
locations.

ATRSPEED CALIBRATION

4. The test bLoom 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
from a previous USAAEFA evaluation (ref 6, app A) using the same
alrcraft and boom airspeed were used to corroborate test data.
The position error of the boom airspeed system 1is presented in
figures 1 through 3.

ENGINE CALIBRATION

5. FEach englne torque sensor system was speclally calibrated in
A test cell by the englne nanufacturer, General Flectric.
Fipures 4 and 5 present the calibratlons used to determine cngine
output power.
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1. A flight contrels enginecring rigging check was performed on
the main and tall rotors during a previous test program conducted
by the US Army Aviation Engineering TFlight Activity (ref 6,
app A). The stabllator 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.

ATRCRAFT WEIGHT AND BALANCE

2. The test alrcraft 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 all ballast and bhallast bhoxes removed. The weight of the
alrcraft in this configuration was 12,987 pounds with a longitu-
dinal center of gravity (cg) located at fuselage station (FS)
352.2 and lateral cp at butt line (BL) 0.1 left. The Installatien
of the productlon ESSS Increased the empty welght of the alrcraft
by approximately 1238 pounds. The fuel transfer control pancl-and
fuel transfer lines (components of the ESSS) were not installed
for this test.

3. Tead welghts secured inslde 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-pallon
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 alrcraft configuration (ESSS with four tanks)
was the same for all test flights.

4. The fuel weight for ecach test flight was determined prior to
englne startt and after engine shutdown by using external sight
papges to determine the volume and measuring Lthe specifle welght
ol the facel. fxeopt  for two (lights near 16,000 pounds gross
weipht, aireraft ep was controlled by a moveable ballast system.
The woveable ballast  system was a cart (2664 pound capacity)
attached to the cabin floor by rails and driven by an electric
Jjack serew. 1t had a total lengitudinal travel of 72.7 inches
(F5 301.0 to FS 373.7). The longitudinal cg wos allowed to vary
+2.0 inches for the two level flight performance test (lights
for which the cp control system was not installed.
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Table 1. Mailn and Tall Rotor Rigging Informatinon

Main Rotor Rigging

e 5 i okt b - ot

Flight Control Position .Swashplate Tilt Collectivel

(Degrees) Blade Pitch

at the Root

Collective [Longitudinal jLateral |Pedal Long Lat (degrees)
Low *2 * * -8.7 -2.1 9.6
High * * * -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 23.5
Mid AFT LT * -11.7 -7.5 16.6
Mid Foo RT * 15.6 6.2 15.5
Mid * * * -7.4  -2.6 | 17.0

Tail Rotor Rigging

Flight Control Position Tail Rotor Collective Blade Pitchl
. 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:

lAveragc ol four blades.
Zx1ndicates 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 coefficlent. The position error
for the two data sets did not agree. Test data {rom a previous
evaluation of the same UH-60A but 1in 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 techinique
(pace alrcraft) and data reduction methods were used. The position
error was determined to be a function of thrust coefficient
after these data were combined. A 1linear interpolation with
thrust coefficient was used to obtain the position error for
data reduction.

PERFORMANCE

General

6. tHelicopter performance was generalized through the use of non-
dimensional coeffliclents as follows using the 1968 US Standard
Atmosphere:

a. Coefficient of Power (Cp):

SHP (550)
cP = (1)

3
PA(QR)

b. Coecfficient of Thrust (Cp):

GW
Cro= L I.. (2)
PA(R)2
Where:
SHP = Engine output shaft horsepower (total for both engines)

kS
0

po= Ambilent air density (lb—socz/Fta) = 0,

<
G
7

n, = 0.0023769 (th=sec?/ft ™)
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adh: AR T,

i i1 A

§ = Pressure ratio =

Pao

BRE A 40550

P, = Ambient air pressure (in.-Hg)
Pao = 29.92126 in.-Hg

QAT + 273.15
8 = Temperature ratio = 288.15

OAT = Ambient air temperature (°C)

A = Maln rotor disc area = 2262 ft? l
Q = Main rotor angular velocity (radians/sec)
R = Main rotor radius = 26.833 ft

GW = Gross weight (1b)

p Ve t
Vr = True airspeed (kt) =
‘ 1.6878Vp/p,

1.6878 = Converslon factor (ft/sec-kt)

VE = Equivalent airspeed (ft/sec) =

2/7 1/2

7(70.7262 ® ) Qe
+1 -1

Po Pa
70.7262 = Conversion factor (lb/ftz—in.-Hg)

Qe = Dynamic pressure (in.-Hg)

MG B oo o

P, = Ambient air pressure (in.-lg)

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

QR = 724.685
()2 = 525,168.152
(sR)3 = 380,581,411.9

([
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7. The engine output shaft torque was determineéd by use of the
cngine torque sensor. The power turbine shaft twists as a function
of applied torque. A concentric reference shaft 1is secured by
a pln 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 betwecn the reference teeth on the
two shafts is picked up by the torque sensor. The torque sensors
for engines Iinstalled 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 SHP was deter-—
mined from the engine's output shaft torque and rotational speed
by the following ecquation.

Q(Np)
SHP = (45

5252.113
WYhere:

0 = Engine ontput shaft torque (ft-1b)

Np = Fngine output shaft rotational speed (rpm)
5252.113 = Conversion factor (ft-lb-rev/min-SUP)

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 f[or electrical operation

of the instrumentation. Reductions in power required were made
n

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

8K, (plpy)(Vp)3
SHPingre drag = (3)

96254
Vhere:

2
ML= 00833 (T (estimated)

26154 = Conversion factor (ftz—kt3/SHP)

The nominal fuel Leaperature of 5%°C was used in the determina-

tion of cenpine Tael consumption.
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Level Flight Performance

General;

8. Each speed power was flown in ball~centered flight by refer-—
ence to a sensitive lateral accelerometer at a predetermined Cr
and referred iotor speed (Ng//6). To maintain the ratio of
gross weight to pregsure 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)(CW)

(6)

n 33,000 (Kp)
& f
! SHP,eopy, == 1.6098 x 10 ) v (aw) (7) 3

','(-4 Where:

Mlp (o,\'r + 273.15) 3
R/Cr, = Tapeline rate of climb ({t/min)

At (.OATS + 273.15) :

Mp
= Change in presgure altitude per unit time (ft/min) )
At 1
UAT; = Standard ambient temperature at pressure altitude
,"Hp
where  was measured (°C)
“t
Kp = 0.76 = power correction factor
_ L6098 x 107% = Conversion fnaclor (SIH’~m,‘(-,’kL2—lI))
o)
u"‘ﬂ
W
oo
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= Change in alrspeed 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 Ul-60A 1In the
FESSS and four tanks configuration (fig.12, appendix E) was deter-

mined from &F, as a function of sideslip angle (fig. 11) and
equation 5 rewritten as follows.
= - 3
SHPg/s = (AFy 44 g/ ~ Fe p—c) (plpy) (V™)
o __ (8)
96254
Where:
HFe*in g/5 = Change 1n equivalent flat plate area based on

UH-60A 1inherent sideslip.

N o*g-¢ = Change 1in equivalent flat plate area bhased 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.
SHPy=SUP+SUPR / c+SHPACCELtSHP g/~ SHPingtr drag=l.82 (9)

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

i Ngr ] 3
(bg78g) Vo | s
SHPg = SHPy . (10)
(o8  [Me] 3
/0 t
Mr
/0 &
Vi = \T (i1)
s t Tttt eT
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Where:

.. Ng = Main rotor speed (rev/uin) - R S e T TS

subgceripgt t = Test day

subscript s = Average test day _ ' o
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, appendix E.

10. Level flight performance was determined by using equations 1 ;
through 3, rewritten 1in the feollowing form.

SHP(478935.3)
Cp = e
12
. 3 (12)
< “R 3
Sr @ L pOAR
/G
GVW({91.19)
Ct = e
13
\ ) (13)
O e pO
V0
vr(l6.12)
o= e (14)
NRr
RvQ -
/0
Where:

G78935.3 = Conversion factor (fL-lb-secz-rev3/min3—SHP)
91.19 = Conversion faccor (sec2~rvv2/min2)

16.32 = Conversion faclor (ft~rev/min-kt)

/4
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for each test at the average Cr. The curves through
... _.these data were then cross-faired as Cp versus Cp for lines of
constant u (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 (Wgp ). Selected level flight
t

performance SHP and fuel flow data for each engine were referred
as follows.

SHP

SHPRep = (15)

580.5
WF
: We = t (16)
3 REF - T
'—‘ ,‘);’-,'0-55
p#’:
L A curve fit was subsequently applied to the referred data and
55 used as the basis to correct Wg to standard day fuel flow
t
using the followiry equation.

0 Wgp = Wp + MWp (17)
4 . T
o)
" Where:

Mp = Change in fuel flow between SHP, and SHPg

The following equation was used for determination of specific
range.

Vr

SR = S (18)
Wy

Stabllator Position Effect:

13. The change In power requlred Lo correct for dimenslonal dif-
ferences attributed to  stabllator position was obtafned from
VSAAEFA Final Report No. B3-24, figure 69, appendix £ (ref 7,

11. Data analysis was accomplished by plotting Cp versus u



app A). The fairings f{rom this figure were cross-faired as

Xp versus stabilator position for specific u's and applied :
oo ... - —to the fairings through the dimensiocnal flight conditions obtained i i

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 grabilator

Where:

+ or - 1s employed depending on direction of stabilator
movement when transversing from base line to test

condition 2.

+ ;Stabilator trailing edge up

- ;Stabllator trailing edge down

DEFINITION

l 14. An imperfection or malfunction occurring during the 1life
cycle of enuipment, which must be reported and which should be
corrected to 1increase efficlency 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.

QUALITATIVE RATING SCALE

15. A Handling Qualitlies Rating Scale (HQRS) was used to augment
ptlot comments and is presented in figure 1.
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APPENDIX E. TEST DATA

Figure

Nondimensional Level Flight Performance

Dimensional Level Flight Performance

Change in Fquivalent Flat Plate Areca with
Sideslip

_ [nherent Sideslip

Control Positions in Trimmed Level Flight
Ship System Airspeed Calibration
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Figure Number

.- 1 and 2

3 through 10

11

12
13 through 15
16 through 18
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