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DISPOSITION INSTRUCTIONS

Destroy this report when it in no longer needed. Do not return it to the originator.

TRADE NAMES

The use of trade names in this report does not constitute an official endorsement
or approval of the use of the comercial hardware and software.

SNl b 3

B A I o A o i o e N S I N R N SR A R TP I o
A T N Ty R S e e S L ST JR T T P N O PN R ol AT N
wlat M-Am&\ﬁb.hﬁm'{'dcgg\u{mm@m*:mmM‘;LM!.\A.J‘.- e laa T Sa il St Ynifa Lan'asn {; ;




¥ UNULADD LY LE
SECURITY CLA:vil FICATION OF TH(S PAGE (When Data Fniered)

i READ INSTRUCTIONS

; , 1. REPORYT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

s USAARFA PROJECT NO. 85-07

B % TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED

N FLIGHT CHARACTERISTICS OF THE UH-60A WITH FINAL

] TAYIL, BOOM MOUNTED STRAKE 11-19 AUGUST 1986

2 6. PERFORMING ORG. REFORT NUMBER

',

{ 7. AUTHORfS) 8. CONTRACT OR GRANT NUMBER(®)

i ROY A. LOCKWOOD, WILLIAM A. KELLY

RANDALL W. CASON

i: ) 5. ERFORMING ORGARIZATION NAME AND ADDAESS 10 R G RAM L M N T RO ECT + TASK

,:‘( US ARMY AVN ENGINEERING FLLIGHT ACTIVITY

. EDWARDS AIR FORCE BASE, CA 93323~5000 805-60108 (order #)

W 11. CONTROLLING OFFICE NAME AND ADDRESS 2. REPORT DA'R

. US ARMY AVIATION SYSTEMS COMMAND QCTOBER 1986k

p 4300 GOODFELLOW BOULEVARD '3: NUMBER OF PAGES

- ST. LOULS, M) 63120-1798 34
3: T3 MONITGRING AGENCY NAME & ADORESS(I{ dillerent from Contraliing Oillcs) | 18, SECURITY CLASS. (of thia feport)

L UNCLASSIFIED

) A ¥C JOOWNGRADING |
» Sa, gg&kaatlglculon OWN

5 o~
;ic J76. DISTRIBUTION STATEMENT (of this Repi.tt)

Pl

P

:; Approved for public release; Afstribution unlinmited.

]

4,

:: 17. DISTRISUTION STATEMENT (of the abelract enlered in Bl;.c-k 20, {1 difterent from Report)

»

K\

.:'

L)

-J,i 18, SUPPLEMENTARY NOTES

)./

p

‘!! 19. KEY WORDS (Continue on reverse side Il necesasary and identily by block number)

i ' Performance and Handling Quallities

;’i Tafl Boom Mounted Strake

: Ul=60A Hellcopter

A ! |

A 0. ABSTRACT (Conthue an reverss otdn i neswssary ard Identily by block number)

75 . “|Testing was conducted to evaluate the effect of a tall boom mounted strake on
-_. the performance and handling quailties of the UH=60A helicopter. A total of |
’) 2.0 productive flight hours were flown.during the perifod 11 throuph 19 August |
1986.  The Uli=60A helicopter's overall perfurmance in hover and sideward flight
ﬁ to 45 knots true alrspeed (KTAS) is essentially unchanged by the strake {nstal-

. latlon. There was no overall cffect of the strake Installation on the Ul~60A’
W helicopter'as tlight control margine, except for a slight reduction in right
2}

'}

N/ DD , 5" W73 eoimion oF 1 wov 88 15 oBsaLETE UNCLASS [FTED -

\ SECOMTY CLASSIFICATION OF THIS BAGE (Wiren Dats Entared)
Y

i o

;

R0 AT A S LA A A A K A NN DA oy R MR A TR IR T DR e s R s

-t 3 .




K \' SECURITY CLASSIFICATION OF THIS PAGE(Whan Data Entered)

cyclic control displacement (iuatrease in counlrol margin) required in right
sideward flight. There was a minor improvement in longitudinal cyclic pilot
workload in Jeft and right sideward f{light to 15 KTAS. The pilot did not
detect a significant difference in flying qualities with the strake installed.
This test veflected Hotle change with the strake Installed,  Adso previoas 18
Army Aviation Euplneering Flight Activity performance and flying qualities
evaluations of the UH-60A helicopter® without a tail boom mounted strake have
tound no control margin or power required problems with sideward flight.
Consequently, no further strake testing should be conducted on the UH-60A
helicopter. The UH-1H helicopter, which has a documented problem with tail
rotor control margins during hover and sideward flight, shouid be considered a
candidate for a tail boom strake evaluation.

s

i
r

a ¢
X
\I
.
& +
L UNCLASSIFIED
‘:':': SECURITY CLASSIFICAYION OF THIS PAGE(When Date Entered)
1 L]
"3 —
My
%

A%
A
.‘.J
q:"-u"'-""""',n L LY - 4 “ R TN R SO T S IV L |
- & . - - I I S ) (. - P - . L 4 ML T




el

o 1
oe. e

" TABLE OF CONTENTS

" INTRODUCTION

v

!

;: Background.".......'.‘.\'l.....‘.'.........‘.......Il
i Test ObJectiveseoeestssaesasssssstsntonssasssasasorsss

DEScription'.|."............."."’.'..."l....‘ s e o
- Test scope.'.......'......."‘.ll.'ll S 6 8 08 8 8% 0O eSS s
Test MEthDdology...u...........u.u..uo.....-......

W R et o =

L - RESULTS AND DISCUSSION

General.llllll.‘.l..“.‘.. 280 8Os HEA PR O 4
: PerfOTMANCE s s eneoestcatsrosasssesstssnsensansansnssarsos 4
(Y Handling Qunllties..................-...----.......... 4
y
:5
l CONCLUSIONS tesvctovoserscssnssnssnosssrstssesorssssosssnarons 7
L
'; RECOMMENDATIONS ¢t et s vvtvvosoorsvsannsassssnsasossasasnsssass 8

§ APPENDIXES

d A' References.‘.lll.bl.l.OOIOIOIIIIl..ll.ll'.l.'ll'llllll 9
A B. Doscriptlon--.-...............-..----.--n‘............ ]O
u Co Inﬂtrnmﬂntntion...........--.-..........-.-....-...... 15
. D. Test Techniques and Data Analysis MethodSecsesorsviaes 18
:. E' Test Duta'.l.llllll.llll.OIOOQOIOClIIIIIOO.ll.lll.llll 21
o
ﬂg DISTRIBUTION
2

K M T T T T

i r eeiem PR

. ‘ - i (.‘f‘f\&l

‘ P Tan )]
A Voo onoetod {J
A\

L) 1 [T ST

? - - seBans .maa

2‘ r - - - - = i iy

§

k. BY o v e

(0 bttt
é.v b ceme e e e — e 4 C———
P Avtﬂjhﬂt‘ "ocles
i. b o e svse —e commmmmmvel 3
K | Avall arid [ ur

' Dist l Spethdl

¥ f)" } 1*

3 NI U i

o

i

£

e

- - -
,_zi:!.i'.éz.':_‘!'ﬁt"e.i.s!‘_.._' '..‘“'_:"" ‘ 4 "-M s s

e i e it e T T A TR



INTRODUCTION

l. The Aecrostructure Directorate, US Army Aviation Research and
Technology Activity, has shown that the installation of a strake
(i.e., a spoller attached to tiue upper left shoulder of the tail
boom) on a hellcopter can result 1in improved sideward flight
capability and reduction of tail rotor power required in hover
and sideward flight. These results were obtained from tests
conducted in NASA Langley's 4x7 meter wind tunnel using two=~
dimensional tafl boom cross sections. Preliminary flight tesats
of the strake mounted on an QH-58A helicopter have confirmed
that there may be an improvement in hover and sideward flight
capability due to the strake. The effects of a str..e on the
UH-60A was expected to be much mote significant becaus: the tail
boom cross sectional area 1is larger and the main rotor disk
loading is much higher than that of the OH=-58A helicopter. As a
result, the US Army Aviation Systems Command (AVSCOM) requested
the US Army Aviation Engineering Flight Activity (USAAEFA)
to conduct a flight characteristics test of the UH=60A helicoptetr
with a tail boom mounted strake 1installed (ref 1, app A).

TEST OBJECTIVE .

2. The objective of this test was to evaluate the effect of a
strake mounted on the tail boom of the UH-60A helicopter.

DESCRIPTION

N
L

3. The UH-60A Black lawk hellcopter is a twin-turblne, single
main rotor lielicopter capable of transporting cargo, 11 combat
troops, and weapons during day, aight, visual meteorological
conditions, and Instrument meteorclogical conditions. Conven~
tional wheel-type landing gear are provided. The main and tail

Y

o o

s rotors are both four-bladed. Manual maln rotor blade and tail

& pylon folding capabilities are provided for air transportabllity,
A woveable hourlzontal stabilator 1s located on the lower portion

b of the tall rotor pylon. The helicopter 1is powered by two

ﬁ T700-GE~700 turboshaft engines having an Installed Lhermodynamic

‘% rating (30 minute) of 1553 shaft horsepower (shp) (power turbine

N speed of 20,900 rpm) each at sea level, standard day statice

n conditions. TInstalled dual engine power is transmission limited

% to 2828 shp., A moure detailed desctiptifon of the UH=60A hellcopter

o le available fn the Prime Ttem Development Specification (PIDS)

& (ref 2, app A), appendix B and the operator's manual (ref 3).
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s 4. The test helicopter, JUH-60A US Army S/N 82-23748, is a sixth
e year production Black Hawk which incorporates the Extern~l Stores
%ﬁ%f Support System fixed provisions and the modified productic. atab-
jéﬁﬁ ilator schedule. The test aircraft also incorporated rcoriented
{%ﬂsi airspeed probes and engineering change proposal 0252 wrtch wup-
by graded the airspeed system with the production ree rict.ucs, cne

plece spacer blocks, and fairings.

5. The tailboom strake is comprised of four 0.063 inch (in.)
6061-T6 aluminum alloy sections each 3.0 in. in height, 2.5 iu.
in width at the base, and 40 1in., nominaliy, in length. When
fastened end to end to the left side of the UH~60A tailboom, the
four sections run from fuselage station 485 to 643 and are
offset from the vertical axis of the aircraft by approximately

W 40 degrees (deg). The base of the strake is curved to prevent
!A“Q chaffing the rivet heads of the UH-60A tailboom surface and ts
i#g% fastened by means of aircraft structural screws anchored through
33% self locking nut plates. The 3.0 in. high aerodynamic surface

of the strake is ori{ented 90 deg from the base s0 as to be normal
. to the UH-60A tailboom skin at the point of installation. The
strake was manufactured and installed by USAAEFA. Photographs of
the test helicopter tallboom strake and tufting as well as a more
detailed description of the tailboom strake and its installation

A are included in appendix B.

i

ﬁﬁfi TEST SCOPE

.‘s

'Sf‘% 6. Flight testing was conducted at FKEdwards Afr Force Base,

;QHP. California (2302 feet elevation). A total of 8 flights were con-
iﬁfg ducted between 14 January 1986 and 19 August 1986 for a total of
v 6.9 flight hours of which 2.0 were productive (flown 11 through
yzy‘ 19 August 1986) Productive flights were limited to low speed
}&}l flight characteristics in right (90 deg azimuth) and left (270
i" deg azimuth) sideward Flight. USAAEFA calibrated and maintalned
) all the test instrumentation and performed all required malnten-

2y

Ea .

ance on the helicopter. Flight restrictions and operating limi-

WA

?ﬁﬁL tatlons observed durlng the evaluation are « .atalned In the
S ] operator's manual (ref 3, app A) and the airworthiness release
y;(? (ref 4). Testing was conducted at the conditions shown in table 1
W in accordance with the test plan (ref 5) approved by AVSCOM.
ity
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Table 1. Test Condittons!

,_4“«&«-_T__,,‘___,,.~_-w-_j_m‘&______--_,-,¢--________w~__
Averayge Average Average
Gross Longitudinal Density
Weight Center of Gravity | Altitude
Flight Strake (1bh) (FS) (ft)
1 OFF 20200 3467.2 3730
22 ON 20180 347.1 3600
3 ON 20390 347 .0 3420
- L
NOTES:

INormal utility configuration, main rotor speed of 258 rpm,
and mid lateral center of gravity location; Boost, Stability
Augmentation System, Flight Path Stabilization and Trim - ON,
Pitch Bias Actuator electrically disconnected at 2.7 in.

2F1ight aborted when surface winds exceeded 5 knots.

TEST METHODOLOGY

7. A dctalled listing of the test instrumentation 1s contained
in appendlx C, Established flight test techniques and data
reduction procedures were used (ref 6, app A) and are described
In appendix D. The flight test data were obtained from test
instrumentation displayed on the {Instrument panel and recorded
by onboard magnetic tape recording equipment.
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RESULTS AND D!SCUSSION

GENERAL

8. 1lests were conducted to evaluate low speed flight at the
conditions presented in table 1 to determine the performance and
handling qualities of the UH-60A helicoptcr both with and without
the strake installed. Testing was performed at speeds up to
approrimately 45 knots true airspeed (XTAS8) in left and right
sidewird flight. A calibrated puace vehicle was used as a speed
reference. The helicopter was flown in-ground effect at a wheel
heigtt of approximately 15 feet. The low speed flight test data
are presented in figuree 1 through 3, appendix E. The "I" bars
denute the minimum and maximum excursions of control positions,
enzines and tall rotor torques, and tail rotor impress angles
curing the stabilized data points. The "I" bars are included to
indicate pilet workload. Testing was terminated after three
productive flights when no significant improvement in performance
or handling quulites was noted with the strake installation.

PERFORMANCE

9, The performance of the UH-60A helicopter was compared with
and without the strake durlng hover and sideward flight up to 45
KTAS (fig. 1, app E) while maintailning apvoroximately the same
ratio of welght over sigma. Engine torque required for left side-
ward flight was the sume with and without the strake jnstalled.
Engine torque required for hover and right sideward flight was
alightly higher (15 to 50 ft-1b) with the strake installed.
Tail rotor torque required was the same (strake installed or
uninatalled) during hover and left sldeward flight up to 35
KTAS. From 35 to 45 KTAS left sidward flight and from 5 to 20
KTAS and 35 to 45 KTAS in right sideward flight there was a
slight reduction (0 to 30 ft-1b) of tall rotor torque required
with the strake installed. Power required variations as a result
af the strake installation were inconsistent and not significant.
The UH-60A helicopter's overall peiformance during hover and
sideward flight to 45 KTAS was cssentfally unchanged by the
strake installation.

HANDLING QUALTIES

10. Haudling qualities data with and without the strake installed
were compared durlng sideward flipht up to 45 KTAS (fig 1, app k)
to determine the effects of the strake on fl{ight control margling.
The dlrectional control positinns were sim{lar for hover and
sideward flight up o 35 KTAS left and right. From 35 to 45
KTAS left, sideward fllight there was up to u 0.3 In. increcase

4
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of right pedal ~equired (decrease In control margin) with the
strake installed. At speeds of 35 to 45 KTAS right dideward
flight there was up to a 0.25 in, decrease of left pedal required
(increase in control margin). Longitudinal cyclic control posi-
tions were similar during flights with the strake installed and
uninstalled. Lateral cyclic positions were similar for hover
and left sideward flight up to 35 KTAS. From 35 to 45 KTAS left
. sideward flight there was a requirement for up to 0.2 in. of
additional left cyclic (reduction of control margin) with the
strake Ilnstalled. Right sideward flight required approximately ]
0.3 to 0.4 1in. less right cyclic (increase in control margin)
control with the strake installed. Flying qualities (as deter~
mined by flight control excursions, annotated by "1" bars on
figs. 2 and 3, app E) were compared for flight with the strake
installed and uninstalled during sideward flight. Directlional
control excutsions were similar up to 35 KTAS during left sideward
flight. At 35 to 45 KTAS left sideward flight, the directional
pedal excursions were reduced by +0.5 lun. to +0.3 1in. when the
strake was Installed. Longitudinal cyclic excursiuns were reduced
when the strake was installed during hover and left and right
sideward flight to 15 KTAS (by +0.5 to +0.2 in.). Longitudinal
cyclic excurslons were also decreased by +0.8 to +0.6 {n, during
flight at 15 to 45 KTAS left sideward Flight with the strake
installed. There was no change in longitudinal cyelie control
excurslons during right sideward flight above 15 KTAS. Thete
were no changes 1n lateral or collective control excurcions
noted with the strake on or off. The strake installation on the
UH=60A helicopter had no significant effect on flight centrol
marglns. A slight {mprovement (n longitudinal cyclic workload
during left and right sidward flight to 15 XTAS was noted. The
pllot did not detect a significant difference 1in handling
qualities with or without the strake installed.

11. The Aerostructure Dircctorate, US Army Aviation Research and
Techinology Activity expected improvements in hovering performance
and flying Aqualities with reduced pedal requirement in gldeward
{light (as Indicated fn ref 7, app A) for a strake lustallation !
on the UH=UOA helicopter. Sincee no sipgnificant improvements
woere noted, testing was termfuated after three productive flights. i
Stnce this test reflected little change with the sirake instal-

lation and alnce previous USAANFA performance and handling quali- !
ties reports on the alrceraft have found no control margin or
power required problems during sideward flight, no futher strake
teating should be conaldered on the UH~60A.  The UH-1H helicoptor
which has o documented problem with tall rotor coutrel wmarglnu
during hover and sideward flight (rel H) might be a much better

candfdate for a4 tall boom strake evaluation, ‘
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12. rarly termination of the test precluded compliance testing to
the PIDS requirements (ref 2, app A) with the strake installed.
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CONCLUSIONS

13. The overall performance and handling qualities of the UH-6UA
helicopter during hover and sideward flight to 45 KTAS was essen-
tially unchanged by the Installation of the strake.

a. The overall performance of the UH-60A hellicopter was
essentially unchanged by the installation of the strake (para 9).

b. There was no significant effect of the strake installation
on the UH-60A helicopter flight control margins, except for a
slight reduction in right cyclic control dlsplacement (Increase
in control wargin) recquired {n right sideward flight (para 10).

c. There was a minor reduction 1in  longitudinal cyclic
workload during left and right sideward flight to 15 KTAS.
The pilot did not detect a significant difference In overall
handling qualities with the strake installed (para 10).
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RECUMMENDATIONS

14. The foilcwing recommendations are presented regarding the

flight characteristics of the UH-60A helicopter with a tail boom
mounted strake:

a. No futher strake testing should be conducted on the UH-60A
(para 11).

b. The UH-1H helicopter has a documented problem with tail
rotor control margins during hover and sideward flight and
should be considered for a tail boom strake cvaluation (para 1l).
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3.‘}-: ' APPENDIX B. DESCRIPTION
oty
' GENERAL

0y 1. The Sikorsky UH-60A (Black Hawk) 1s a twin turbine engine,

?'M single main rotor helicopter capable of transporting 11 combat

%f~~ troops plus a crew of three. It {8 equipped with three nonretract=-

%ﬁ: able conventional wheel-type landing gear. A movable horizontal .

A, stabllator is located on the lower portion of the tail iotor

- pylon. The main and tail rotorsa are both i{our-bladed with a

;fg. capability of manual main rotor blade and tail pylon folding. :

}%g The cross—beam tail rotor with composite blades is attached to

Aﬁg the right side of ti.: pylon and is canted 20 deg upward from the

DOY horizontal. The primary power plants for the UH-60a helicopter

iy are two General Electric T700-GE=700 front drive turboshaft
engines, each rated at 1553 sghaft horsepower (shp) (30 minute

e 1imit) at a power turbine speed of 20,900 revolutiona per minute

=§n& (rpm) (sea level, standard day, installed). A complete description

et of the aircraft is contained in the operator's manual (ref 3,

;;ﬁ app A).

.

.ﬁ?' BASIC AIRCRAFT INFORMATION

2. General data of the UH-60A helicopter are as follows:

e
o

st
-’
(A

W Gross Weight

= Maximum gross weight 20,250 1b

i Empty weight Approximately 10,620 1b
ﬁk’ Primary mission gross weight 16,324 1b

‘fﬁ Fuel capacity (measured) 360 gal

T

Mair Rotor

)

;Gf_ Number of hlades 4
L Diameter 53 ft, B in,
5, ol Blade chord 1.73/1.75 ft

2 : Blade twist -18 deg (equivalent)
R Blade tip sweep 20 deg aft
Lo Blade area (one blade) 46.7 uq ft
L Atrfoll
gﬁy sectfon (root to tip desipgnation) 5C1095/8C1095R8

\ thickness (percent chord) 9.5 percent

{ Main rotor mast tilt (forward) 3 deg .
"‘_L

Tail Rotor
re -
*zj Number of blades 4
xnj Diawmeter 11 ft
L,
o5
10

o
q}H
s

) . - ”
i 4 . ! o ,s'- *l .’-(1.\-' ,“.:n,\lY ,\J."’_ -
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Blade chord 0.81 ft
Blade twist (equivalent linear) -18 deg
Blade area (one blade) 4.46 8q ft
Airfoll
saction (root to tip designation) SC1095/SC1095R8
thickness (percent chord) 9.5 percent
Cant angle 20 deg

Gear Ratios

Input Output
rpm tpm Ratio
Engine to main 20,900.0 257.9 81,0419
totor
Engine to tail 20,900.0 1189.8 17.5658
rotor
Tail rotor to 1189.8 257.9 446136

main rotor

STRAKE INSTALLATION

3. The UH=60A tailboom strake (photos 1 and 2) is comprised of
four 0.063 1in. AL ALY 6061-~TG sections, FED SPEC QQ=A=250/11
stock, each 3.0 in. in height, 2.5 in. in width at the base,
and 40 1in,, nominally, in length. When fastened end to end to
the left side of the Ul=60A tailboom the four sections run from
fuselage station 435 to 643 and are offset from the vertical
axis of the aircraft by approximately 40 deg, The base of the
strake sections which fasten to the tailboom skin employ a curv-
ature across thelr width which is more severe than that of the
tailboom in order that the strake sections may ride above existing
tailboom rivet heads and prevent rivet chaffing. The radius of
curvature for the sections are 2.5 in. and 3.0 in. for the two
rear gections and two forward sections, respectively. Both ends
of each strake segment are chamfered at 0.50 in. x 45 deg. The
free edge along the base of the strake (uppermost edge when
mounted onto the tailboom) has been modified with a slight 0.50
in. radius reflex to prevent chaffing of the aircraft skin along
the length of the strake. The transition from the base of the
strake to the 90 deg extension also utilizes a 0.50 in. radius
of curvature. Additionally, slight cutaways exist in the forward
most and two aft segments to allow for clearance of ocexisting
rivet patterns along bulkheads within the tailboom. The radius
of each cotrner in all cutaways is 0.125 in, Blind rivets along
the tailboom at the points of attachment of the strake were
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Video Cameras
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Left Side View of Tail Boom Mounted Strake, Tuffs and Stabilator

Photo 1.
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periodicially replaced by stainless steel self-locking nut plates,
(D.A., 500-83-V=-N248), which are fastened with AN426 AD3-6 so0lid
aluminum rivets where work space permitted, and DLA 500-85-M-Y734
blind aluminum rivets elsewhere. The atrake is secured with
MS-27039 1/7 10/32 in. aircraft structural screws. The longest
span between auccessive nut plates is 5 in. The ends of each
strake segment extend no mora than 2.25 in. from the closest nut
plate, with the only exception being the forward end of the
forward segment, where the closest nut plate is 4.75 in. aft.
The strake was manufactured and fnstalled by the US Army Aviation
Engineering Flight Activicty.
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APPENDIX C. INSTRUMENTATION

GENERAL

1. The test {nstrumentation was installed, calibrated and main- ¢
tained by US Army Aviation Englneering Flight Activity petson- :
nel. A swiveling pitot=-static tube and angle of attack and side~- ¢
slip vancs were {nstalled on a test boom 162 In., (orward of the v
noge of the alrcraft and 29 in. to the right of centerline., Also
. installed were two video cameras, one mounted at each stabilator

R
tip, for the purpose of monitoring the acrodynamic behavior of %
the tailboom tufting during testing (photo 1, app B). FEach camera ¢
assembly weighed approximately 2.7 1lb. TImages were recorded on ’i

’ tape adjacent to the engineer's station and observed In real X
time using a video monitor nearby. Equipment required only for
gpecific tests was installed when needed and 18 discussed in the !
sectlon on special equipment (para 2). Data was obtained from i}
calibrated instrumentation and displayed or recorded as indicated i,
below. 3

v
Pilot Poslition '
Altltude (radar=dual ranpe)¥ f
Rator speed (sensitlve) u
Lngine torquew W o
Turbine gas temperature (T4.5)% w* ¥
Englne gas generator gpeed * %k *
Control positions "

Longltudinal A
Lateral g

: Poedal
) Collective L
Stabllator positlon J
Event wwitch b

:
Copilot/Engincer Stakion ;

Rotor upeod*
Engine torque® ## N
Total afr temperature
Fuel used (totallzer)

¢

Ballast cart posftion X
Time code dimplay

Run nuamber :

Fvent swltch £

AShip system/not eatibrated A

**Both englnod f

X

¥
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Digital Pulse Code Modulation Dats Parameters

Altitude (radar)
Total air temperature
Rotor speed
Engine torqueWww
Turbine gas temperatures (T4.5)%*
Engine gas generator speadh® .
Engine power turbine speed%
Fngine fuel flowkw
Engine fuel uned™*
Engine fuel temperature (at fuel umed transducer)ww
Auxiliary Power Unit (APU) fuel used
APU fuel temperature (at fuel used transducer)
Tail rotor shaft torque
Tail rotor impress pitch
Stabilator position
Ballagt cart position
Control positions
Longitudinal
Lateral
Padal
Collective
Stability augmentation aystem output position
Longitudinal
Lateral
Directional
Control mixer input position
Longitudinal
Lateral
Directional
Afrcraft attitude
Pitch
Roll
Yaw
Afreraft anpular rate
Pitch
Roll
Yaw .
Linear acceleration
Center of gravity normal
Center of gravity lateral
Center of gravity longitudinal
Time of day
Run number

**hoth engines
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Data status words
Pilot event
Englineer event

SPECIAL EQUIPMENT

Ground Pace Vehicle

2. A vehicele utilizing a calibrated fifth wheel to determine
arcurate ground speed was used in conjuncticn with wind speed and
direction to provide a precige true airspeed reference for the
test aircraft during low speed tests.

Weather Station

3. A portable weather statfon, consisting of an ancmometor,
sensitive temperature gage, uand barometer, was used to record
wind aspeed, wind direction, ambient temperature, and pressure
altitude during low speed teste. !
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1o A THght controlu enplnecring elgpling check wan periarmed on
the waln and tall rotors durlng a previous test program conducted
by the US Army Aviation Engineuring Flight Activity (USAAEFA)
(ref 9, App A). The vigging data are presented in table 1.

AIRCRAFT WEIGHT AND BALANCE

2. A welghing accomplished during a previous test program con-
ducted by USAAEFA was used an a reference for all strake testing
(ref 10, app A). The atrcraft was welghed in the {instrumented
condition with full fuel and oil onboard. In additlou, the
movable ballast system, the external stores support syatem (ESSS)
wings with fairvings and racks, four external fuel tnnke, and load
ballast at various fi{xed locations was instelled during the
weighing. With the weight of fuel, the weight of the ESES, the
welght of the external tanksa, and the weight of fixed ballast
subtractod from the total welght, the basic weight was 11918.8
pounds with the longitudinal center of gravity (cg) at fuselage
atatlon (FS) 356.5 (ballast cart cg FS 301). To this welght was
addod 5.5 pounds to account for remote video cameras located at
FS 698.0 and 60,0 pounds to account for the video monitoring/
recording equipment with gupport rack located at P8 278.0, The
basic alrcraft welght was therefore modified to 11,984.,3 1lb with
a longitudinal opg at FS 356.3, This banic waeight and cg was
used {n all spubsequent strake teating.

3. The fuel welght for each flight was determined prior to engine
start and following engine shutdown by using external sight gages
to evaluata fuel volume and by measuring the speclfie welght of
the fuel, Lead weights were socured inride the aircraft at fixed
locatlions and within the movable hallast cart to adjust the
welght and cg for test purponses. The ballast cart had a waximum
capacity of 2664 1lb and a total travel of 72.7 in. (15 301 to
FS 373.7)y To malntain the desired welght during low speed
testlng, ballamt was added periodlically at ¥S8 324.5 an Fuel wam
burned at time {ntervals convenlent to the orderly completion ol
test polntse  To malntaln ¢y, the ballast cart was moved uft am
required. The deslred test welght was varled as required at the
beginning of each flight to malntaln a consistent gross welght
over sipma ratio.
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Table 1.

Main Rotor Rigglng

Flight Control Position

mieiee v e 4w e an

Hiph
IHah
HEah
Liow
Low
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o mimm W oA wtmam ey

Collovt{ve

Tafl Rotor Rigpling

Flight Control Posliion
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Podal

L
R
M1D
i
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)
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Swashplate Ti1t

. (Dugrees)

Maln and Tail Rotor Rigplng Ialovwat bon

T S T P

Collactive
Blade Piteh

I B B I T "7l at the Root
v Collective |[Longltudinalilnateral|Pedal]Longlitudinal|Lateral (Degreen)
SR SRRSO ORI MO RSN RN e
. Low " * * ~8.7 =2.1 9.6
l”P:h ) w " -1‘02 =3.3 2“.’3
Low AT LT il -9, 4 =7 8.8
High ART LT * -9,2 ~1.6 24,0
l,ow I'Wh RT * 11.0 7.2 9,3
Hph WD RT % 17.3 6.5 2344
l“.\'.h AFT I T LT =117 =-7.7 23.6
M id A[“T |.a'r * _11 c7 "7 05 1.6 N
MId FWD RT ¥ ~15.6 6.2 L5.5
Mid " " » 7.4 2.0 17.0

. e s - bR e S mae btk it B e W aemee R Ml .

Gollactive Blade Piteh
at thoe Root
{(Degroes)

15,1
16,2
0.9
8.2
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15.4
7.1
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TEST TECHNLIQUES

4, Conventional test techniques were used during the conduct of

the handling qualities tests. Detailed descriptions of the test
teciniques are contained in reference 6, appendix A.
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:.:_:. APPENDIX E. TEST DATA

INDEX

o Figure Filgure No.
4"‘.

R Low Speed Flight Characterisics

i Strake Installed/Uninstalled Comparison

e Strake Uninstalled Parameter Excursions
: Strake Installed Parameter Excursions
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