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i
L rrerango ov__ R B. Aerodynsmic Tests of an Operwtiomal ON-6A E
] ‘ cuackeo oy 8. Y. Jalorge Helicopter in the Amag 40' X 80' Wind Tamel :
e ‘
i . 1.0 EBMARY i
i A vind tumnel test program vas conducted ou an operstional 3
L
b I prototyps OH-GA helicopter in the NASA AMES LO' x 80' wind !
i’,
’ % . tunnel, April 23 thru May 8, 1968. b
b L E
g : ;
‘ ¢ Helicopter and rotor component longitudinsl stability derivatives !
"’ . ws f
\\. vere determined from the experimentel data and compared with §
i thearetical values cbtained from a digital camputer program, ;‘
’ : vhich mmerically calculates the serodynsmic characteristics
\\ t-,' of a lifting rotor,using e strip analysis technique. Theory
E X eompaxes Quite well with most of the experimentally determined :
N :
0 ? stability derivatives. ©Specific exceptions are discussed in the :
SR body of this reyort. |
- :
: Helicopter performance data weasured in the wind tupmel show P
( § good sgreament with flight data. '
A In addition to the wind-tunmel balunce data, blade and other
% helicopter compoments vere strain gaged for bending moment data ‘
g" i and for control positions. Tests were conducted over a A«
1 “;
4 [ range from .25 to .40, plus limited data at _4¢ z .L4. These
b losds dsta show good agreement with flight data.
L 1 Theee vind tunnel tests and analyses vere conducted under contract .
B XA |
b & ] | Now 66-0657-1. :
g :
3 1 e \
4T
) - i 9704
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cueckep py_S. V. LaForge

The results of the experimental and analytical investigations conducted .
in this program indicate that numerical techniques can be used to predict
rotor stability derivatives. The agreement between computations and test

|
|
I 2.0 CONCLUSIONS
l
l

L was excellent throughout the speed range investigated 5/* = .25 tn .35).

‘l
14
'

i

It is felt that a simple computer progrem assuming uniform induced velocity
i can successfully be used to obtain rotor derivatives at the advance ratios

tested.

g ; i The numerical techniqua was not programmed to predict the large incresase

§ in blade flapping due to retreating tip stall. Though & program which
includes blads torsion as a degresa of freedom and properly simulates the

shift in airfoil center of pressure with blade stall cean be set up to pre-

B )

v dict the increased blade flapping, such a progrsm would be eousiderably

S more costly than that presented in this paper. Comparison of the test

e S B e e b iy s VSR e

Y ﬁ data vith the numerical analysis indicated that retreating tip stall did
i : o not significantly change the pitching moment sround the test helicupter
i mowent center. Although the hub moment was increased by the incrihscd

blade flapping, the tilt of the rotor thrust vector was concurrently de-

creased due to increesed drag on the retreating side, Therefore, a mmore

T TR e TSR

sophisticated and costly program was not considered necessary to obtain

i valid sircraft pitching moments about ites moment center.

L) ‘, Derivatives of the wind tunnel pitehing moment dats with the horizontal

stabilizer both on and off were used to estimate the stabilizer effective-

I ness and downwash. For unstalled conditions the downwash was found to

V. FRbic e i SRS

.lévﬂfi t | M%;;-f-1:v7-?ftﬂffi
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be approximately 1.2 times the rotor induced velocity. This average vslue !
is of comparable magnitude to those presented in the technical litersture,
Rotor retreating tip atall reduced the effective rotor disc area, and

hence, increased the dovmwash velocity at the stabilizer. ' N

Level flight performance as measured in the wind tuunel shows excellent '
agreement with flight test data obtained from a similar ship. Loads data

show good agreement with flight data,

o _ iizoa
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N razrango oY___B. XK. Rohtert Aercdynanic Tests of an Operational CH-GA
‘} cHeckeowy_ 8. ¥, Jalorge ~ __ |Belicoptar in the Ames 4O' x 80' Wind Tumnel
o 3.0 IERCDUCTION

?;

The Eughes Tool Company - Aireraft Division has conducted a wind

L tumel test of an operstional prototype . =64 helicephes, : . .
6/0 62-4216, equipped vith production blades, in the NASA AMES

i LOrt. x 80ft, low speed wind tumel, April 23 thru May 8, 1968.

| .

Phe major objectives of this test series were:
18 (1) Explore helicopter and rotor camponent stability deriva-

tives and performance including esteb)ishment of any

§ .

e significant rotor/fuselage interference effects.

(2) Simulate the use of increased solidity by conducting
e portion of the wind tunnel tests at values of thrust
corresponding to valuss of 1/ approximately one-half
owrent flight operatianal values.

(3) Conduct snalytical studies involving the use of digital
caputing taehniques for use in comparison with the
wind tunnal experimental dats.

(4) Measurement of rotor blade and rotor support mast moments
for comparison with applicable theory and correlation
vith available flight test data. However, the sensi-
tivity of the mast bending moment instrumentation vas
inadequate for proper determination of the bending
moents produced by the small flapping angles and
thrust vectar tilt encountered during the wind tunnel test.
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cnecken av__ 8. V. la¥orgs Helicopter in the Ames 40' x 80' Wind Tunnel

Data plots, tabulsted results, and their anslyses, incluiing
comparisons with applicable thearies, relative to the sbove
test cbjectives are presented herein. The test advance ratics,
/“a 25 to 40, used for the wmjority of the testing, correspomd
to helicopter farwvard flight speeds of approximately S3 to 154
knots. Tvo data points were collected at.“a .hi (169 Xnots).
Same hover runs vere conducted with tumnel test section roof
doars ocpaned and closed. These were primarily for operational
chaokout of the helicopter and its instrumentation prior to .
operation of the vind tunnel. Support tare and interfexrence
s were conducted and the data corrected for these effacts.
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»,}" reranco sy__ R, E, Rohtert i Aerodynamic Tests of an O?orntic.mnl OH-
23 ' cueckep ay__ 8. V. LaForge Helicopter in the Ames 40' x 8C' Wind Tunnel
AN ‘ \
%) - i |
| l 4.0 NOMENCLATURE
. § \
L ' 4,1 Notation (Analytical) ‘ |
. .‘ | \ .
.1 l : Ay = 29,625 ftz, main rotor blade area (4 blades)
¥ . .
A = Lateral cyclic blade angle, deg:-ees. Positive is blade
; g ] s luditng edge dowm atW= (°
Y
f | a'. = Longitudinal tilt of thrust vector, degrcbl. Aft tilt _ i N
; l s ' -+ 1is positive. i ' {
a = Longitudinal flapping, degrees. Positive is blade tip g
. s down at § = 0°. ! i
. | i \‘ | 14
. , . ‘ , .
.. ' By = Longitudinal cyclic blade angle &egreel Positive 1is i i
T 8 blade leading edge down at () = 90°. ‘ 1%
- b = Llateral flapping, degrees. Positive is blade tip down
[} ° .
at Y = 90°, . :
' |
¥ by = Lateral tilt of thrust vector, degrees. Tilt to right :
' is positive. ' i
, CCp - Section 11ft coefficient. i
! Ca = | Section drag coefficient, |
* - L \ } 3
o T R | \ \ )
g \ . % - M | 4
‘. . G T R R .
Cals = ' | !
1 A, (STR)CR
‘ ¢ '
% : ;jsj,/ . -~ |
i cY/ £ Ap (MR)Z R : . 1
3 - CT"JIG' = L \ ‘\ d
5 F A @LR)Z
N o : C, - . D ,
© A Ay (AR)2 : ‘\ -
© D = Drag, lbs, ! ‘
A \
: L = Lift, lbs. ‘
X = Rolling moment, lbs-ft. ' !
. \ [
\\
| !

9704 Rev. 7/15/71
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L LN
\
[
: Mo = Pitching Moment, 1bs-ft,
] MC r Moment center, All moment data were reduced sbout a
. : moment center located at W.L. 36.43, F.S. 101.85, B.L. 0,0,
;. . This corresponds to the intersaction of the! skewer pivot
ball (pitech) axis with the mid-plane of the fuselage.
[ q = Dynamic pressure, 1ba/ft2.
R = 13.165 ft, main rotor blade radius.
e v' = Tunnel speed, ft/sec.
Sxs =

Shaft (mast) angle, degrees.
= Inflow ratio. !

\

v ‘ . ‘
Av - 4 \

= Density, sHug/ft3.

q9 » » >

. | -
= Ap/rR2 = 0544, solidity ratio g

©
"

Collective pitch angle, degrees. : [

Tip speed, ft/sec. |

4.2 Notatiom (Configuration)

B = Main rotor blades (4). Rotor disec = 26,33 ft in diameter.
: Constant blade chord = ,562 ft, NACA 0015, 9° washout.

- -w-mwm
o)
*xs
]

F = Model 369 (OH-6A) fuselage mounted on skewer through
: \cBrgo compartment together with the Model 369 lower verti-
y 'cal stabilizer attached to the tail boom support (TBS).
- Lower vertical span = 27,5 inches from boom centerline, urea

- I - 1.78 sq ft. | 3
i" H « Horizontal stabilizer. Chord = 16.5 in., NACA 0015 airfoil
c : section, span = 67 inches from boom centerlines, dihedral

= 25 deg, mrea = 7,68 sq ft.

i, ' K = Dummy skewer. Used only in conjunction with support.
tare runs to determine skewer interference corrections.
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cHECKED BY__ 2 Y- orge
R = Main rotor hub,
T = Tail rotor. 2 blsdes. Rotor disk diameter = 4.25 ft,
v = Upper vertical stabilizer. Span = 50.0 inches from boom

centerline, area = 3,84 sq ft,
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o/
I 5.0 DESCRIPTION OF TEST CONFIGURATION

5.1 Installation on Ames Supports
The HIC-AD OH-6A 1light cbservatiom helitopter, flight operetional

prototype, S/N 62-4216, was instelled in the Ames LO' x BO' wind

e tunnel on the tunnel three - suppert extermal balance. Photo-

" graphs of this installation are presented in Figs. 1 and 2,

TS i

As illustrated in these fipures and the installation drawing
(Fig. 3) the ship was supported on the two forvard (main) struts,

A A T Sy,

* r ; located on 164" centers, by means of a 5" diameter skewer passing

Z‘& S

, . thru the wiadows of the helicopter cargo compartment. This

:5* i skever was attached by a steel truss adapter to the underside
[ of the rotor mest base by means of the same four bolts vhich are

o used to attach the mast base to the fuselsge structure. The

E,, | helicopter pivoted about the center line of the 4" diemeter ball
g( C socket assembly mounted atop each of the two forward struts.

The center line of the 5" diameter skewer was 5.83" above the

’ 'ball centers, i.e.,, above the pitch axis., Wind shields were

} | provided around these forwerd struts. The protrusions above

the wind shields and the skever itself were unshielded from the
}5 wind. Correction for their effects were evalunted by the support
‘l' tare mms which followed campletion of the production dats

": L N runs. The dbtachment. of the two forward struts to the balance
A } system scales was such as to provide readouts of 1lift, drag,

rolling mmment, yaving moment and side force.
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The instrumentation and control actuator leads, the fuel line,
and COp fire extinguisher line were rum into the helicopter

thru the hollov skewer.
Fig. 3D presents a three~view drawing of the OH-6A,
Tail Boum Support

The least count of the Ames piteh balance thru the tail strut

was too large to provide meaningful pitching mement data for the OH-
64 ‘elicopter configuration. Consequently HTC-AD personnel
designed and fabricated a tvo~component strain gage bulance of
adequate sensitivity for the determination of the pitching moment.
The HIC-AD Tail Boam Support (TBS) is shown best in figure 1,
connecting the Ames tail strut to the helicopter tail support

pivot.

The HIC-AD Tail Boom Support performed two additional funotions.
First, the spring (50 1bs./in.) and damper (staudard OH-6A lag
damper) combination eliminated the ground resonance problems
associated with attaching the tail boom directly to the massive
Ames tail strut, Second, as the load on the TBS spring changed
during a test run, the fuselage angle of attack changed from the
nominel value vhich had previously been set by the Ames tunnel
operator by means of appropriate positioning of the Ames tail
strut. The linear eactuator, controlled by the -H'm-AD console
operatar was used to provide vernier readjustment of the fuselage

angle of attack.
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5.2 Tail Boom Support (Continued)

Shaft (mast) angle of attack () was fed digitally into the

Ames date acquisition system in conjunction with the extermal

i o e

balance readings, exclusive of pitching moment. In addition

Kg was manually recorded by the helicopter control console

s s

operator.
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5.3

Support Interference Confimmration

In erder to determine a correction to account for the interference
of the skewer support du.ring the production data tests, an
auxiliary support was utilized as illustrated in figure 33, Data
were collected over a range of o¢ shaft at two dynamic pressures,
horizontal stabilizer on and off, with and without a dummy skewer
installed. The incremental effect due to the presence of the skewer
was used as & correction in the Ames balance data reduction
program, and to the pitching moment data cbtsined from the Tail
Boom Support balance. The pitching moment correction was small.

9704
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5.4 Helicopter Control Console

I The helicopter control console, designed and fabricated by

T HIC-AD, was located in the wind tunnel control roam so as o

- provide optimm coordination between the wind tunnel operators
F and the helicopter operators. This control console reovided

- remote control and monitoring of the helicopter. For opersating
effectiviness, it w'a;s divided into two adjacent panels: The

] left being the Flight Control Operator's Station; the right,
the Engine Control Operator's Station.

N At the Flight Control Station were those switches and panel
. i moaitoring instruments required for establishing aircraft angle
of attack, tail support angle of attack, lateral eyclic position, i

b

longitudinal eycliec position, and pedal position. In addition,

there were instruments for monitoring the lateral flapping and the
longitudinal flapping. An oscillograph record switch was also located
P on this penel. However, during actual test operations, the oscil-

lographs were operated and monitored by HIC-AD personnel who A

| marked the appliceble data poirt number on each record as it

vas taken.

The Engine Control Station had the eswitches for 110V AC power,

U e e e P S SRR SR L

] fusl valve, starter, throttle, N, beeper, end collective. Panel :

i; instruments were provided for monitoring collective position,

et c e g
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5.4 Helicopter Contyol Censole (Cantinued)

throttle, !!2, rotor rmm, Nl, T, torque, DC Buz smperes, engine
running«time clock, engine oil pressure, and engine oll temp-
erature. Panel warning lights were provided as monitors of

MR transmission oil pressure, oil temperature, and chip, TR

tranomission chip, engine chip, and fuel clng.

Both the Flight Control Operator and the Engine Control Operator
maintained a running log of the operational date on his respective

console coded to the Run Number and Deta Point Number., In addi-
tion the 50 channel oscillograph record number was logged.

k*l: The layout of the panels on the control console are detailed

. on the Ref. 1 drawing.

The primmry rotor contyrols, collective, lotgitudinal cyelie, and
. lateral cyclic, were varisble and powered by electrieally driven

screv Jacks mounted in the cockpit. The rotor power and speed

were controlled through the engine fuel control and the engine
governor. There was a remote "beeper" switch on the control

console to change the govermor rpm setpoint.

B G b sy, bt i b o d X5 | e
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5.5 Instrumentation |

— —t

g | In addition to the Ames external balance data, up %o 53 chaunels |
of oscillograph data were recorded throughout the test on two ‘ , :"'
o oscillographs, one of 50 channels, the other of 18 channels

-~ directwriting. The latter was used to monitor during each run 1
significant load values, principally pitch link load, mast _ ' )
longitudinal bending and tail boam vertical bending to insure

that the aircraft was not being subjected to excessive loads.

1 The list of the oscillograph recorded datae channels is presented iy
. in Teble I. Main rotor data channels, i.e., items 1 thru 17

L Aat

1 of this Table, in addition to blade flapping position, required

N S
.

use of & multi-channel slip ring assembly mounted atop the

! '
rotor mast assenmbly. The electrical leads fram the stator side R
b

.- of the slip ring assembly were fed down thru the hollow mast.
b Mast bending strain gage leads did not require use of the slip ‘ ‘f_
ring since on the (H-6A helicopter the mast is fixed, the drive

P
>
UL T

shaft rotating inside the mast to drive the rotor blades. The
rotor blade loads are transferred thru two main bearings to the

fixed mast.

The outputs of the control position potentiometers were fed to

the control console meters as well as to the oscillograph. A
blade flapping resolver was installed on blade No. 1. The re-

solver was mechanically comtructed so that 1ts flapping readout

904
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5.5 Instrumentation ' Continued)

was not affected by extension of the blade retantion straps

under centrifugal loading mdr by feathering nor by lead lag motion
of the blade, Suitable electronic ciréuitry was provided to
rAasolve longitudinal flapping and lateral flapping and thus

glve a direct continuous reading on the two respective meters
located on the control conscle. In addition, the output of the
flapping resolver potentimeter was recorded on channel 22 of

the 50 chennel oscillograph.

In parallel with the HTC-AD oscillographs, several of the data
channels were recorded on magnetic tape for subsequent automated

data reduction by NASA-Ames personnel.

T7L5771
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6.0. CALIERATY

6.1

62

Balance ration:
The three-sypport e
tunnel had been previously calibrat#d by RASA -~ AMES personnel

balance of the LO' x 80' f£t. wind

in accordance with the - AMES standaxd procedures.

Balance Data:
Balance data vwere reduced |in acenrdance with the NASA - AMES

standerd craputer pr ¢ Weight tare corrections and suﬁport
interference tare corrections based on the support interference
rns vere incorporated |in|the date reduction program. The final
RASA reduced data mlnmjr aveilable in a tebulated format
appropriately coded per run number and data point number.

Piteching Moment Data fyam the AMES three - support external bel-

ance @we not usable. . |[It had been established in conferences

between AMFS and HIC-AD personnel prioxr to the test that the
least count of the AMES e.was too great to achleve

peaningful accuracy in piteh data. Conseguently in lieu of

the AMES balance, the ing moment data were obtained by

means of an HTC-AD desiigried and fabricated strain gage belance on

the tail boom support.

The NASA reduced data mam|presented in Appendix A, pages A~1

through A-51.

s g s e

P O AT




F e e

o

=

ST

TN ETE

phas s Bae)

I S P e SR e o

At

ey e e me T

T

s AR e

SN
- .

ot

st PRy

1 T —— e

~ HUGHES TOOL COMPANY-AIRCRAFT DIVISION H 8020

MODE L REFONY

pace 18

anatysis—_ Rs L. Fload

Preraneo oy_ B. K. Rontert | Aerodynemic Tests of an tional OH-6A

cueckao ay___ S, ¥V, laFarge Helicopter the Ames 4O' x [80' Wind Tunnel
6.3 Tail Boom Support Balance:

6.4

Because of the lack of sensitivity of the AMBS pitch balanch,

}.u.

e

8 and 9 of the HIC-AD 18 ~ channel oscillograph. In addition
tin tape. The tape

BIC-AD designed a two component strain gage halance on the
boom suppoxt. This balance measured the axial and normal

at the tail pivot attachment point. Readpbut was on

these data were recorded in parallel on
data were reduced by the AMES camputer p and trenmmif{ted
to EIC-AD in tabular formet. Sufficient joecillograph data |points
were read at HIC-AD to establish the validity of the a ted
reduction. The AMES values were then used to compute the pitch-

ing moments about the helicopter pitch axis,

Pitching moment data vere corrected for ﬁve:lght tares and ﬂ’:r
format

suppart interference prior to conversion to the coefficile

used in the data presentation graphs. Valuss are tabulatdd on pages

A-52 through A-55 of Appendix A,

Calibration of the tail boum support balance was conducteé over
the applicsble dwad range in the HIC-AD [laboratory price |to the
tunnel test. Standard oscillograph R-Ceél. procedures wer«f used
throughout the actuel test.

Strain Gage Instrumentation:

The strain gage instrumentation listed in Teble I was callih ted

at HIC-AD prior to shipment of the helitopter to the winj tun 1.

Since thie instrumentation was identicel to that used on|a fully

i et e na e
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Pk 'mmntj £11ght test helicopter, standard calibraticn pro- |
cedures wore employed by HIC-AD calibration and electronic personnel. .
i Standard oscillograph R«Cel. procedures were used throughout the 3
. ¥
-  actual tept. ‘
b j
AT 6.5 Position (alibrations: |
; Following| installation in the wind tunnel, with the helicopter .
| o . oet at &, = zero, wind off, final calibrations were conducted for ' 3
! all position potentiometeﬂws utilizing a precision inclincmeter 3
S or scale as required. The oscillograph readouts and control
b r o console readings were simittenecusly recorded against the in-
L‘ | clincmeter (or scale) readings.
SRR | 
_:l [',; "
; by
8 i ..
L0
:: i
1»
|
3 ;
.73 ,
' 1y
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{8 1 7.0 EST PROGRAM
]

‘ | T

7.1 Test Procedune

1 Prior to initiation of a run, the angle of attack was set by wind
E > \tmlmltagiwanac s Zexo. Allszwarereoorded.‘ \
33 shaft ,
¥t The helicopter engine was started and brought up to operational
rpm, initially 97% (456 rpm). This sfforded e nominal 3 adjust-

nent for mmintaining a constant advance ratio, since as tumnel

: .

‘temperature increased, the tunnel velocity increased to maiutain
constant tu:mel\ dynamic pressure, Prior to starting the tumnel,
‘ coller'ﬁive was increa.sed. to give approximately 1000 Ibs. lift
g \ o on the tunnel external balance. As the tunnel vas brought up
o \ ! o speed, the lomgitudinal and latersl cyelic controls vere | )

_ adjusted to maintain zero l4ngitudinal apd lateral tip path plans eile
relative to the main rotor shaft. J i

] k' 7.2 Test Varisbles ‘ ;_
r\. \ B 'l‘he variables investigated covered .« s collective, longitudinal ‘
Lo cyclic, and lateral cyclie et aefe:‘a;h:iftvnnce ratios for various. ' A
o Belicopter configurations. In addition advance ratio was varied |
about the ba'gic_ values by variation of rotor rpm at three fixed
vind tunnel \}elocities. y , '
- - Test advance \x-atios and cu:responding tumnel dynamic pressures were: '
L ‘. » s /e :
= | 25 29

- .30 b1 : .
R .35 56 | '
- ‘ oo 13 {1

: 90 (2 points oaly) i3
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:. R Y - ‘! \!
;\ ! ]’ !
= A camplete 1og of the tuael test ruis, e oscillograph data .
e . records, and tabulated reduced data for thils test series we P
Z aveilabls in the BTC-AD ‘I'echnibal Department files. Tyenty-three ]
, o
\ date runs (470 dats points), four support fare mms (52 data points), | o
and seven static weight tare runs vere mads. Hellcopter engize
: ' operating time was 35.7 hours. 'I'cmklxel occey » including
I ' §
e setup and teardown was 24 shifts. The tunrjel operated on & two ;
- shifts perday basis, 5 deys/deek. “
- '| \ 1
? .
E ‘ i ’ \f ; '\ \ 3
: . ' ‘ 3
I i
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l | 8.0 DATA ANALYSIS
l 8.1 HJt:hod of Computing Theoratical Stability Dats.
The thooLl:ical method used herein to compute stabili Jerivativon
iﬂ’ simpls and is inexpensive to run. The comparisons of |theory and

test dats show excellent agreement, Consequently it felt that

'rg jof modest

. c‘Juf retreating
t:{p stall. For these the agreement with theory is oniy fair. A

few daty points were run at 4« = 0.4. These data are quite scat-

I speed (g = 0,35). Some of the test data show eviden
] tered and the agresment with theory is marginal.

The thepretical stability data used to compare with the wind tunnel

—
(2 4

rat da:a wers obtained by meegns of a digitsl compute p(!togram,
A

- based oﬁm References 2 and 3, which numerically calculated the sero-
- dynamic| characteristics of the lifting rotor using tim assumption of
'v Lni.fotn'J induced velocity and ignoring the effects of blsde flexi-

-

hility.| This program employed & strip sanalysis in compuyting the aero-

ynamic| forces on the blades, The aerodynamic forces|, in conjunction

trifugal, inertial, and weight forces are ccm‘bi. ed to solve

blade flapping. Knowing the flapping, the lccal blade

&
-]

2}

re

=3

[}

iT hngle ¢f attack and the serodynamic forces fer a trim condition are
v [

. sbtaingd. The angle of attack and Mach numbe: of each local blade
i‘ kpcctim together with the tsbulated blade characterijtizs determine
>

the seg¢tion (l( and Cy. The 1ift, drag, and torque pf rach section

=t

is then computed.

B el
R J

-
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I
I
" ‘ I Since the rotor blades of the test helicopter incorporated the NACA

1 0015 airfoil saction, the tabulated valuas of C I and Cy were ob-
tained from the data of Reference 6, This reference presents C 2

I and Cy as a function of angle of attack and Mach number. These
cosfficients were synthesized from hovering data of a rotor with a

1

0015 airfoil section.

- S In addition to the blade section sercdynsmic charactsristics and the

physical characteristics of the rotor, the other inpuf:s to the

- -t computer program include: collective (9 75), longitudinal and
‘.‘, ‘ lateral cyclic pitch (Bla' Als), inflow ratio () ), and advanes %
F ) ratio y. ).
' - The outputs are longitudinal and lateral flapping (.1' and bl'), ‘
- thrust, hub moment, thrust vector tilt (n'. and b'.). and shaft angle
- of attack (¢ ). ;
b In performing the wind tunnel test the cyclic control was positioned }
| X “.. 80 that the aircraft was trimmed to zero longitudinel flapping angle, !
; ‘“ *1,- In the digital cowputetions this trim condition was obtained
E ‘ by holding the collective pitch at the corresponding test value &nd ;
L J

varying the longitudinal cyclic pitch, By , and infiow ratio, ) ,
8 .
to achieve the test values of thrust and zero flapping. After the |

trim condition was obtained, small perturbations were mede in the

g g

proper parsmeters to compute the derivatives. Since shaft angle =< g1

bt

is an output, un itevation has to be made to hold®< , constant when

P

-y

L v Bav, 7705771
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E‘ obtaining the derivatives with respect to control positions and 4«

a Page 25 presents & flow diagram describing each step in the iteration.

Additional details of the computer program are described in Appendix C.

. Figure 4 shows a schematic side view of the test setup. All moments
wvars measured around the momsnt center shown. Therefore, the cal-
culated hub momants and shears were transferred to the moment center

x ; for comparison with wind tunnel data,

8.2 Summary of Measured and Theoretical Stability Derivatives

The following table surmarizes the rotor stability derivatives obtained

during the wind tunnel test and compares them with computed deriva-

it paomin. MM - T
PN
M .

‘i'. tives. The more important longitudinal derivatives are discussed in

i ’ detail in later sections of this paper.
g The derivatives with respect to collective and eyclic stick were ob-
{

! tained using the stick motions measured at the console. Plots of

console collective pitch angle vs blade angle measured on the oseil-

PSSR
- 1

lograph record show that the flexibility of the control system re-

duces the angle of the blade by 117 to 14%. The cyclic stick is more

Cencing
P

than twice as flexible as the collective stick (stiffness of 7000

ln-1b/xad as compared with 16.370 in-lb/rad for collective), so it is

.
I

expected that the cyelic angle at the blade would be reduced 25% to

*

! 31%. The deflection of the control system is & function of the

pitch link load; therefore, the di.fferenco(botwetn the console meeaurad

engle and the blade angle is a function of flight condition.

B

L
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COMPUTER PROGRAM FLOW CHART

X = Ky ¢+ 8X
Where X s One of

the Following Pdarameters

878 Pig Aig M

Rotor
Perfarmance
Subroutine

Output
Adjust Cav G0
1§ A‘S‘ I'. .
Oy
[

(8 -0,p) < 0. 000

Compute Rotor
Derivatives

Xm . Cmi-Cimb
ax X
Etc

L= iptéd
All Other Inputs
‘ are Base Value

A

Rotor
Performunce
Subroutine

Qutput

Cme G
L) L3

Go

Computer Kotor
Derivatives

2m . CrCub
30,y Gy Ogb

Ete

Input Rotor
Physical Parameters
and

(Byghy = (B ), 1 4By,

8755 CTyeq U0 > M o= b
First Eatimate Rotor
(Byaky and by Performancs

Subroutine
Rotor Performance
Subroutine Output
(0140 C1,y
Output
cmh' chl
gy, (ayy)) ~(a1ghy
(1aky o'y —rt
3”‘. AB..
3C1 . OTy-C1y
3Bls - ARy,
No
(Brgle = (Bygly
A2= Ap+ &)
Rotor
Performance
Completed Subroutine
4 Parameters
Output
[EYY8PY Cr,
gy _ (aya)p-(a)edy
13 &\
PS— Cr. ©
£r . T Ty
A (3N
dnyy A1y [ s
(nl')h= L' lra")l 3 -
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';i; TABLE I. B ATIVES
¥ _
i “ uoE 0.25 M= 0,30 U =0.35
Derivative lr Test Theory Test Theory Test Theory
" i 32, /aq,r deg/deg 0,15 0.14 0.32 0,20 'l o.25 0,28
]
1 G, fo/aa,s /deg 0.00014 | o0.00013 || 0,00019 | o0.00018 || ©0.00025 | O0,00024
‘ 3Ch fo/ag, /den 00052 | 0.0056 || o0.0065 | 0.0069 |l ©.0086 | 0, 0086
T 2C,lolza,: lden 0.00009 | -0,00004 || 0.00010 | -0.00005 || 0, 00025 | -0, 00004
k)
u 38, /3B , deg/deg -0. 98 -1,17 -1.08 -1.23 -1,25 -1, 36
] 1]
i 3C, /o/aB, . /dey -0.0009 | ~0,0013 || -0.0009 | -0,0013 || -0,0010 | -0.0014
L4
]
. sCip/o/3B, . /deg 0.0040 | 0,0056 0. 0048 0.0070 |l o0.0058 0. 0082
. ]
. 3C£/g/aAl . Ideg 0. 0008 0. 0012 0. 0008 0, 0011 ‘L 0. 0009 0. 0011
"o ' ’
3
. 6‘181350.75' deg/deg || 0.60 0. 82 0.76 0. 96 1.35 1,43
s aC, lalaus 0.014 0.013 0. 015 0. 015 u} 0. 007 0.010

SUET X S NS PR

This table shows good sgresement betwsen theory and test in the speed
stability and the derivatives with angle of attack, except for the

derivative of roll moment with sangle of attack., These test data show
hysteresis and the differences have not been resolved. The theo- j
retical derivatives with collective pitch are 11% to 14% high and the

derivatives with cyclic pitch are 25% to 31% high due to the flexi-

bility in the control system. It can be seen from the table that
when the control system flexibility is accounted for, there is good

sgresmant between theory and test.
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o

8.3 Rotogp Flapping

Figure 5 presents a plot of longitudinal blade flapping versus shaft

e

Sk glo Eier b

angle of attack. The theory, shown as a dashed lins, compared very

xS

well at & =~ 0.25, but devisted from test at the higher values of st .

S e

The theoretical retreating tip angle of attack is printed nsxt to
the trim point. One point (4 = 0.35)end O; ,, = 10°) has & £

R
NP .

retraating tip angle of attack well into the stalled region. This

tect point shows the effect of stall in increasing the change in
4 , blede {flapping with shaft angle of atteck, Stall reduces the lift

on the retreating blade and slso shifts the sirfoil center of pres-

. sura towerds the trailing edge which tends to twist the hlads nose
down., Both of thess effects increase flapping. The theoretical S
1 program aceounted for the decrease in 1ift but assumed rigid blades.
i %P Therefore, the effact of dynsmic twisting of the blade could not be

f determined,

: Figure 6 presents a plot of the change in longitudinal cyclic pitch

ﬁ with change in shaft angle of attack to maintain zero flapping.

The valuas of d 31./)0(, from test data are somsvhat greater

than theory, The values of By were obtained from stick position
s

as measured in the cockpit. Dus to the flexibility of the control

system, the sctual values of B; at the rotor are less than the
]

discussed in section 8.2,

[ values cslculated bassd on the static calibration. Flexibility wes
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8.4

8.5

Rotor P t Darivative

Figure 7 presents a plot of rotor pitching moment versus shaft angle
of attack. The test points wers obtained by subtrscting the moment

dus to fusslage and rotor hub from the total pitching moment; thus,

they reprasent the moment due to blades only (except for blade-

fuselage interfarence which should be small).

Figure 8 presents derivatives of Qcmb-/;,, obtained by reading the
slopes of Figure 7. The agreemant between theory and cest is excel-
lent. At 95_75 = 10°, = 0,35 the agresment vith test is good
aven though the messsured flapping was considerably grester than
theory. This point is in the retreating tip stall region, which
ineresses the drag on tha retreating blade and tends to reduce the
aft tilt of the rotor thrust vector. Therefore, when the moment 1is
transferred to the test moment center (aircraft center of gravity),
the increamsed nose up moment due to increased flapping is offeet

by the reduced moment due to reduced thrust vector tidt. At _nat~= 0.4
thers is & considerable amount of scatter in both the fhpping and
pitching moment data points, so the comparison of theory with test

data is inconclusive.

Thrugg Derivative

Figure 9 presents C'T/(r veoc , for the values of advance ratios
tested both horizontal stabilizer on and off. Figure 10 presents

the derivative =/ CT'%. ve g4 . These derivatives wers ob-
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tained from the slopes of the curves in Figure 9. Theory is alsc

Fit  Geed (it

4

shown on Figure 10 and {s in excellent agresmant with test data.

8.6 Stabllizer Effectivensss vith Apgie of Aftack

T

Figure 11 presents pitching moment deta for thes complete helicopterx

3 in the form of C,/o~ ve o<, with the horizontal stabilizer "on" and

"off"., PFigure 12 pressnts the slopes of the data in the form of
. éc,i,,./e,‘,. as & function of 4 , (At/«- 0.4, thera are uo
dats "horizontal-on".) This figure was used to estimate the xatio :

of sctual to theoretical downwash at the horizontal stabilizer, At ' 'F-

A of .25 and .30, this ratio is equal to 1,2, At == .35, the
ratio {s 1.0 for the unstalled test and 2.8 for the test conducted | .
] with retreating tip stall. Rotor stall reduces the sffective rotor -
disc aves, and hence, incresses the downwash velocity. Thus, the

bigh value of induced velocity can be expected. The valus of induced

P velocity ratio of 1,2 {s almost identical to the measured ratio

presented in Figure 33 of Reference 7. This reference presents 3

data obtained from a wake survey of the induced flow near a rotor.

8.7 Rol] Derivative with Angle of Atteck

e Figure 13 presents C /o~ vs o, for verious conditions. Figure

i it - o

14 presents the roll derivative with shaft sngle as a function of 4 .
| The theory shown does not agree with the test. The theoretical 1 :

derivative of lateral flapping b; vs rotor shaft angle, &€ ,, is
8

positive, but the theoretical derivative of lateral thrust vector 3 ‘
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8.8

tilt, b', va ©C, is negative, therefore, vhen the moment vas

transferxed to the CG, the totel becames negative. The difference
between theory and test is unexplained but is probably due to the
low sensitivity of the balance system in relationship to the small

helicopter rolling moments,

d k Motion Derivatives

Figure 15 presents a plot of longitudinal flapping angle 11. with
incremantal longitudinal cyeclie pitech ABI_., determined from longi-
tudinal stick motion. Figure 16 prasents the flapping derivative
5;1. as a function of s . The test data indicate the flapping, due
to :::uk motion, is less than theory. This is attributad to the
flexibility in the control system, The longitudinal cyclic piteh
system flexibility is approximately twice that of the collective

system (ave 8.2).

Figure 17 presents pitching moment vs ABlu, horizontal stabilizer
'off"., The theory is 8leo shown on this Figure, Figure 18 presents
pitching moment vs Anl', horizontal stabilizer "on". Figure 19

presents acmg obtained from the slopes of figures 17 and 18, and
B
]

also shows the theory., As expected, the test is lowar than the
theory, due to the flexibility of the control system. PFigure 19

shows that the derivative é&/‘f__ becomes more negative with the
B
[

horizontal stabilizer on. This is due to the change in downwash at

]
the stabilizer, which is s function of a“-r /G' . The derivative
Bl,

LA A e
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P

8.9

8.10

é 0-:'19: increases with  ; therefore, the difference in moment,
ltlb?i!l.r on versus off, should increase with forward speed,
Figure 19 shows this trend, but the absolute value of the difference
due to the stabilizer appears high. Figure 20 presents éc'r'[cr
va e both theory and test. The test results are less thazlghc

theory due to the control system flexibility.

Lateral Stick Motion Derivatives

Figures 21 and 22 present lateral flapping, bl,: and rolling moment,
Cy /g~ , respectively, as a function of incremental lateral cyelic

piteh, ASAl.. Figure 23 presents the derivative of rolling moment

with lateral cyelic pitch _O Caek™ taken from Figure 22, Due to
flexibility in the lateral coﬁ:;ol system the test flapping &nd roll
momants are less than theory. Both the theory and the test indicated
the rolling moment derivative is independent of O at a given value of

advance ratio ) A

Collective Btick Motion Derivatives

Figures 24 and 25 present longitudinal flapping aj, and lateral
flapping bl. ve 00'75. As discussed earlier, the flexibility of the
control system results in a reduction in the angle of attack change
at fhe rotor. It is expected that the theory will be 11% to 14%
greater than test. This is true except for the run at_a= 0,35,

The trim points have a theoretical retreating tip angle of attack of

11,2° whiech is into the stall region. As stall tends to increase

" s v

171

~

e A e R L T 6 e e L e

e e lie 2

S e st U e L

S ey e o



bR RTIEIR SRR et m v e Ly

HUGHES TOOL COMPANY-AIRCRAFT DIVISION 369-A-8020

© (i

ANALYS MODEL REPORT NO, rage 32 /
vsis EN——

srgranED oy, R E. Rohtert ___| Aerodynamic Tests of an Operational OH-6A :
CHECKED BY 5. V. Le¥orge Helicopter in the Ames 40' x 80' Wind Tunnel

=t

the derivative of flapp{ng with collective pitch, this effect offgets

the reduction due to control system flsxibility.

8.11 Speed Stability

& Figures 26 and 27 present Sm/g and C1' /g~ V8 A« respectively. These

. tests were conducted with the horizontal stabilizer installed. The

i. varistion of s was obtained by changing rotor speed, rather than
/N tunnel speed. Consequently, the stabilizer lift is affected only by

“ the change in downwash due to the change in rotor thrust. The thrust

ET derivative is small; therafore, the effect of the stabilizer on the

”j pitching moment derivative is also small.

- The speed atability agreement, as shown in Figure 26, is very good.

Ei As noted previously, the case of A = 0,35, 00‘75 = 10 degrees, is

» well into retreating tip stall, which increases the drag on the

kN retreating side, resulting in a forward increment of tilt of the

o thrust vector. The moment change due to the change in thrust vector

- tilt appesrs to be greater thau the moment change due to increased

i: flnpping,'cauaing an unstable variation of pitching mwoment with A«

. The theoretical retreating tip angle of the A« ~ 0,35, 8,75 = 8

z. degress point is equal to 20 degrees. Thus, the stell is even greater

than the 00 75 = 10 degrees point discussed earlier. As expected,

| otk

the slope of this case deviates from theory to a greater extent,

9
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1Y !
Figuwre 27 indicates theoxy \mdmstimtesdorpo—
small amoumt. mmtvumotc%,immemmmm

on the stabilizer, therefore, test data includes a amall

by a

tera that is neglected in the theary.

8.12 level Flight Perfermunce.
For helicopter level flight, the thrust is equal to the weight
and the prepulsive force must equal the drag. This condition

Cl: T
18 cbtained when Cy = O and 2L ﬁﬁﬁ? The trim point
terach}&h:hdmobmmdrrmcmssphtsofeandds
550 HP

J
toobtaintherotcrpmcoefncuntcpa A‘m

this coul2 be done, Cxy had to be corrected for the tare of the

 Before

tail support. Also, in order to ecompere with . flight

pover measurements contained in reference 8, the drag of the
instrusentation wire pack, vhich was not imcluded in the

tare suwppwrt setwp, had to be removed. Thiz drag was estimated
tc be one square foot of parasite area. A coamparison at

W = 2090 pounds, LR = 648 ft/sec, andfz .002306, is showm
in: figure 28, These data show excellent agreoment with the .
flight dats of .reference 8.

Best Available Copy
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Loads Ceuptriml

1
Camparison plots are presented for the main rotor blade 15%
fiepwise cyclic bending and main rotar pi%tch link cyclie load
as cotained fram the wind tunzcl test and from recent flight

testa. Both sets of loads data are plotted as functiops

of Cp/o 8nd Cy/ge

Exmrination of figure 29, 154 flapwise cyclic bending, shows
some geoatter in the wind tunnel da’s, ‘but no pronounced trend
with either Cp/y ar Cm/ge ‘The flight test data also shows
scatter which is generally typical of thic type of flight
test data. The data do show recsonsbie agreement. The flight
test data aversge at é samevhat hightr 1cad level than do the
vind tumel data. However, since the flight test data are
grouped Bt the mgw values of Cp/g 8nd C /g, this result

18 not unaxpected. It is significant to note that the endurance
lirit was not exceeded for any test condition including the
high /1 of the wind tunrel test (equivalent to a forvard cpeed

of 154 knots, 2 points at 169 knots).

Exenination of figure 30, pitch link cycli‘c loads, shows
general .y less ecatter than the blade banding marcent deta.

Othervise, the conclusions are similar to those above.

Time histories of rotor loads as obtsined from flight test and frow

the wind tennzl test are prosented in Fig, 35. Therc is falr agree-

mant betwman th L ~og of d . 1
nt twaon the two sourced o ata aest A\Ia\‘ab!ie

\.
el
o
g
i
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8.14 Collective Control System Flexibility
The values of collective nngle,OO;}g. as used herein are ;houc

read at the console, i.e., a direct function of cockpit atick

7‘ T position. From HTC-AD oacillograph}recox‘da the pitch link
b s _average load hes been read \for selected runs and plotted in
) \  Figure 311 as a function of & 7% 8t the console The glopes of
ar_ \ '

the lines faired thru thess data pdints, L., & o .
. ' conso G

have been used in conjunction with the value of collective
AN control system stiffness, 16,370 in-lbs/redian, to calculate B
P . ‘ ' ‘.

O R the expected change in blade angle as read by the potentio~ i

% \ .
b L meter on the blade feathering axis and recorded on the oscil-

L ' lograph.
For exsmple at /= 0.25

!
'a? flex. - g.06 in. x 2]-3 , P 1bs “= ,100 &1
49 sansole 16,370 .1.’;._;&3'?3 8 Q nasledeEs g

RS \ A _____._,m.ex@ ; )
' _ coasole - Y X OO¢ongole = 29 oscillograph :
- console |

SRR F T 2 g N P+ e, a3 T s e st

e S

T B

. 80 gonsole . 1 « L1 = 1.11
i & osci1l. 1 - Priex 1
; d9¢onsole

@sonsole of 1.13 and 1.1k

In & similar menner values of
oscill.

i

T Rev. 7715771
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|
vere determined for A = 0.30 and./qné.35 respectively.
These slspes have been utilized in fairing the lines tixu

the omrrelatisn data plots of Pigwe 32 which presents O '

mem . Taking into accewnt the scatter in these

dats, the agresssnt bDetween the slopes determined empirically
as discussed abeve and the actual data 18 quite satisfactery
Plexibility has been discussed above wder 8.12.. .
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! 8.13 Fuselage Characteristics

Plote of 1ift coefficient (Cy) and pitehing moment coefficilent

(C,*) sre presented in Pigures 33 and 34 for the Rotor Off

1. Configuration. Thess figures also present data collected Hn a
Ko 1/3 scale model of the helicopter in the Northrep/Norair wind

%? oo tunnel (Ref. 4). The pitching moment curves are in good agree- -
‘ % } ment for both horizontal stabilizer on and off. The Ames data
show s slightly reduced slope for C; versus4 in both cases,
: 5 as well as a negative shift in the angle for zero 1ift, which

is unexpectedly large for horizontal stsbilizer off, Figure 33

é ‘. also presents a computed value of pitching moment based on the

Multhopp body formuls of reference 5 for a fuselage finenesas

ration of 2.3, 1i.e.:

: : c*
! -2 . (Nel. ) Ky = x) (i ( 47)3——— - ,0072
S o 28.7 (2 1)7AR 28,7 .

This slope is somevhat higher then those shown by the full scale

data and the Ref. 4 data. The Ref. 4 data were collected on a

1/3 scale model tested at 8 RN/ft. corresponding to that of a

full scale ship at 55 knots,
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gl TABIZ I
;..' f, .
- List of Osqillogreph Recgrded Dags Chinnele
Coby
oL 50 Channel 18 Chennel
(AT Item Oseillograph Pirect-Writing Oscillograph
Lo Mo, Begcription Shemmel Yo, _____Ohenpel Vo,
P 1  M/R Blade, Plapwise Bending, 15% - 1
i Lol 2 M/t Blade, Mapwise Bending, 17% 2 -
3  M/R BPlade, Flapwise Bending, 30% 3 - f'
E“ ! 4 M/R Bleda, Flapwise Bending, 50% 4 - {
‘ . 5 M/R Blade, Flapwise Bending, 70% 5 - '
! 6 (spare) - - i
) 7 M/R Blade, Chordwiss Bending, 17% 6 - !
8 M/R Blade, Chordwise Bending, 50% 7 - t
; 9 M/R Drive Shaft Bending, Mo. 1 8 - L
| 10 M/R Drive Shaft Bending, No. 2 9 - |
11 M/R Drive Shaft Torque 10 - 3
12  M/R Pitch Link load - 2
) : 13  M/R Pesthering Bearing Support,
. Tension 12 -
14 M/R Blade Retention Strap, Tension - 16 (a) .J.
15 M/R Blede Retention Strap, Bending - 3 i
L 16 M/R Lesd-Lag Position 15 - \
y 17 M/R Angle Position, Feathering 16 - '
‘o 18  M/R Mast Latercl Bending
bl (outside upper) 17 - ‘
A 19 M/R Magt Lateral Bending
P (outside lower) - 4
F 20 M/R Mast longitudinal Bending
4 ’é (outside upper) 19 -
e 21 M/R Mast Longitudinal Bending
3 P { (outeide lower) - 5
. 22 M/R Mast Lateral Bending (inside) 20 -
o 23 M/R Mast Longitudinsl Bending
5 ' (inesde) 21 -
-
b
‘ Notg: (a) Por run 3 only, CH.16 was long. sccel. snd CH, 17
was lateral eccel.
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4 _ ;
50 Chaunel 1§ Channel i
1ten M;).logrnph Direct-Writing Oseillograph
o, Becrirtien ~henel Bo, _____ Chammel B2, 3
24 Llongitudinal Comntrol Lint YLaed -
25 Nermal Acceleration at ¢.g. - 7
26 Ship's Airspeed 26 -
27 IEngine Terqua Pressure 27 -
28 Longitudinsl Cyclic Poeitien 28 - oo
29 Leteral Cyelic Pesitien 29 - -
30 Rudder Pedal Pesitiom 30 - '
31 Collective Pesition A - .
32 Threttle Pesitien 32 - -
33  Tail Boom Support, Axisl Load - 8 |
34 Tail Boom Support, Vertical load - 9
1] 35 Tail Boom Support, Position Kk} - 4
N 36 Tail Boom Vertical Dending, .
' Forward - 10 A
37 Tail Boom Horizental Bending,
Forward - 11 o
38 Tsil Boom Torque, Porward - 12
! 39  Tail Boom Verticsl Bending, Aft - 13 ‘.
! :
40 Tail Boom Rorizontsl Bending, Aft - 14 ;
41  Tail Boom Torque, Aft - 15 - f
42 Upper Vertiecal Stabdbiliiszer, [
‘ Lateral Bending 34 - ]
; 43 Upper Vertiecal Stsbilizer, Latersl
Bending (near root) 35 -
| 44 Horiszomtal Btabilizer, Flapwise
\ Bending (near root) 36, 41 (b): -
45 tHorizontal Stabilizer, Flapwise
Bending (mmar strut attseh.) 7 -
' 46 Horizontal Stabilizer Chordwise
Bending 38 -
f v ‘. ’ 4
Noge: (b) CH.36 shifted te CH. 41 (4-17-68)




HUGHES TOOL COMPANY-AIRCRAFT DIVISION - so.4- 8020 o

l ANALYSIS MoDEL REPORT NO, PAGE m_‘ ;
prEraneo av.__ e Be MOGEert Aexeiynanic Tests of an Gperatiensl 06-6A ’
; CHECKRD ay Neliceptsr in the Ames 40' X 80' Wind Twmnel
I Ligt g'g“'ggmn;m Rgcerded Dats Channalg (Cemtinued)
‘ ] 1 50 OGhannel 18 Ghannel
! 1 [t Oscillegraph Dirsct-Writing Oscillograph
| ] 1 e, Desstipties el Bo, ______Guywel Ve,
'
1 l 47 Rerizental Stabilizer Strut
14 Lead 39 -
g i
{1 T 48  RPM (1 pex rev) 50 - B
§ 49  Skewer Position (shipe) 40 - P
X 50  Blade Mappiag Positien frem
1 Plepping Raselver 22 .
154 5.  Blede Flepping Position from
1 Flapping Petentiometer 43 - -
1. 52  Timing Code “8 - 2
1§ 53  Timing Cods 17 (a) .
' ! o
Rk |
BEE .
" ) - Nota: {a) Yor rum 3 only, CH. 16 was long. accel. and 2
;o CH. 17 was lateral accel. P
[ }» v :
a |
e ;
SR 5
g i Ty
3 { i P
§ i3
] I
A i3
E ’ 3
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Figure 2. OH-6A Wind Tunnel Installation - Right-Front View
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SCHRMATIC, SIDE VIR

T
¢
S
L
¥.L. 83.00
h =« 3.88 tt. P41t of shaft with respect
to fuselage = 3°
Moment
! Sester
W.L. 36.43

E.5..100.00

4 s 0452 ft.

Pigure 4
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M1L-ApD Kepurt No, J0Y-A-8ULD

PITCHING MOMENT COEFFICIENT, C,,/c

(Tail Boom Support Strain Gage Balance Data)

DATA DATA
RUN GONFIG. pont s Cp,/0 || RUN CONFIG. ponn“xs c /o
2 FRBVHT 1 -3 .00161 9 FRBVH 16 -3 . 00233
2 . 00202 17 . 0020%.
3 . 00279 18 . 00260
4 . 00298 19 . 00250
5 -8  .00339 20 . 00282
6 * . 00371 21 . 00224
7 . 00408 22 . 00278
8 -13 .00503 23 . 00058
9 ‘ . 00439 24 . 00310
10 . 00594 25 . 00436
11 -3 .o00208 26 . 00242
12 * . 00255 27 . 0023}
13 . 00270 28 . 00213
14 -13 .00630 29 . 00250
15 . 00619
16 l . 00633 10 FRBVH 1 -3 . 00219
17 ..00779 2 . 00194
18 -8 .00424 3 . 00398
19 . 00545 4 .001938
20 . 00433 5 . 00357
21 . 00362 6 . 00581
7 -. 00009
3 FRBVHT 1 0 -. 00061 8 -. 00052
2 0 -. 00075 9 . 00187
3 -3 .00132 10 . 00115
4 . 00155 11 . 00070
5 . 00202 12 ' . 00204
6 . 00236 13 . 00253
7 -8 .00370 14 -3 . 00203
8 . 00433 15 -1 . 00139
9 . 00485 16 -5 . 00239
10 . 00551 17 -7 . 00295
11 -12 .00630 18 -9 . 00490
12 . 00693 13 . 00550
13 ‘ . 00755 20 . 00507
) 21 . 00424
9 FRBVH 1 0 . 00050 22 . 00381
2 -9 .00447 23 . 00461
3 . 00422 24 . 00442
4 . 00368 25 . 00468
5 . 00448 26 . 00480
6 . 00495 27 . 00495
7 . 00425 28 . 00451
8 . 00449 29 . 00671
9 . 00441 30 . 00899
10 v .ooigioﬁﬁ 31 . 60406
11 . 00437 32 . 00429
2 .9 oosfft AVallab[e C . 00409
13 -7 .00414 éé{))/ 00458
14 -5 .00449 . 00499
15 -11 .00432 36 ? 00524
(continued next 37 C0NGAE2

column)

{contiinued next page)
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ALUSAL KEPUTT NO, J0Y-A-BUZU Page A-53
PITCHING MOMENT COEFFICIENT, C,, /0
{Tail Boom Support Strain Gage Balance Data)
s DATA DATA
RUN CONFIG, POINT ' S C m/cr RUN CONFIG. POINT c&s Cm/a
10 38 -7 .00418 12 FRBVH 1 -3.3 .00118
39 -5 . 00502 2 . 00157
40 =11 ., 00422 3 . 00169
41 -9 . 00447 4 . 00176
’ . 5 , 00208
11 FRBVH 1 -8.,3 ,00423 6 . 00206
2 . 00534 7 . 00150
3 . 00768 8 . 00147
4 . 00293 .9 -3.3 .00233
5 . 00107 10 -1 . 00287
6 . 00412 11 -5.3 . 00165
7 . 00402 12 -6, 3 . 00159
8 -, 00414 13 -3.3 ,00224
9 . 00402
10 " 00432 13 FRBVH 1 -3 . 00213
11 . 00411 2 . 00210
12 .00221 3 . 00427
13 . 00030 4 . 00109
14 . 00690 5 . 00007
15 . 00953 6 . 00223
16 . 00387 T . 00037
17 . 00349 8 -. 00108
18 . 00149 9 . 00313
19 . . 00432 10 . 00513
20 . 00493 11 . 00183
21 -8.3 ,00424- 12 . 00149
22 -6 . 00451 13 .00124
23 -3,8 ,00573 14 . 00224
214 -8,3 ,00416 15 . 00262
25  -2.6 .00185 16 -3 . 00232
26 . 00446 17 0 .'00217
27 l . 00306 18 -5 . 00226
28 . 00152 19 -7 . 00220
29 -3 -, 00044 20 -9 . 00244
30 . 00074 21 . 00513
31 . 00198 22 . 00539
32 . 00343 23 . 00353
33 . 00498 24 . 00235
34 . 00686 25 . 00369
35 . 00221 26 . 00244
36 . 00362 27 . 00080
37 . 00055 28 . 00578
38 -. 00016 29 ‘ . 00773
39 . 00197 30 . 00426
40 . 00110
41 . 00047
42 ' . 00229
43 , 00275
44 -3 . 00194




M o i1 syt et s e e oL N e mRT

nTL-AD Report NO, 30Y-A-B5ULY rage A.54 ) 1
| PITCHING MOMENT COEFFICIENT, C,,/o
i . (Tail Boom Support Strain Gage Balance Data) _; J
I RUN CONFIG. poiar s C./0 ||RUN conFic. DATE <« ¢ /o i
4 . ’ o 1 !
14 FRBV 1 -3 -.00239|| 15 FRB 1 -3 -, 00103 1
. | 2 -5 -.00281 2 -3 -. 00165 ;
. . 3 -7  -.00332 3 -4 -. 00231
4 0 -. 00124 4 .- :
- 5 -3 -, 00139 5 -1.8 -, 00108 !
18 6«3  -.00182 6 -0.8 00036 o
‘ * 7 -3 . 00023 7 -2,6 -, 00187
1. g -?1 - 88;?2 8 -3,5 -.00267 -
. - - -1 -. 00020 b
L 10 -Z -. 00117 ? i
A 1 - -.00074|1 16 FRB 1 0 --- ‘
15 12 -9 -,00168 2 - i
i 1 13 -9 -, 00286 3 - :
§ I 14 -11 -, 00371 4 .- . R
1 K% 15 -7 -.00187 5 2.6 -.00226 L
i 16 -5 v.00068 6 -3.3 -, 00261 ] "- .
d BRY 17 -9 -. 00282 7 -1.5 -.00104 T
18 -3 -, 00i28 8 -4 -. 00345 -
i‘ ‘ ' 19 -5 -. 00226 9 -4 -. 00307 .
¥ 20 -7 .. 00316 10 -6 -, 00452 )
1 21 -1 -, 00057 11 -2.6 -.00184 -
‘ ! ., 22 -3  -.00145 1
! ' 23 -, 00224 || 17 FRB 1 0 -
24 ‘ -, 00021 R 2 -3 -
. 25 -. 00408 3 -. 00244
i 26 -3 ,00158 4 -, 00300 . B
4) . 27 -4 -, 00229 5 -, 00321 Y
1 28 -2 -, 00074 6 -, 00185
| 29 -6  -.00368 7 -. 00105 |
: § 30 -4 -.00230 8 -. 00254 '
10 31 -. 00287 . '
N | 32 . 8
{ [ 33 -.00298 il 18 FRB 1 0 -, 00073 )
R 34 -. 00481 2 0 -. 00060 =
B 35  -8,7 -,00488 3 -4,6 -.00428 ]
: ! 36 -10.4 -, 00591 4 -4.5 -, 00405 P
37 -6.4 -, 00354 5 -6,2 -, 00450 b
| 38 -4 -, 00257 6 -7 -.00469 %
1N 39 ‘ -, 00144 I
18 40 -. 00037 1]
;» 41 -4  -.00304 .
- : 42 -3 -, 00248 b
{ ] 43 -, 00517 i
. 44 +. 00049 ]
45 -. 00231
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i "-‘.
P& PITCHING MOMENT COEFFICIENT, C,,/c and C*
1 (Tail Boom Support Strain Gage Balance Data)
o DATA DATA o
‘,‘: jb RUN CONFIG, POINT °‘si Cm/a RUN CONFIG. POINT 'S Cm*
o 1 19 FR 1 0 -. 0004711 20 FRV 1 -3 . 0177
T AR L 2 -3 - 00079 2 -5 -.0352
: A 3 -6 -, 00150 3 -10 -. 0575
L i 4 -8 -, 00155 4 -7 -, 0447
X, b 5 -10 -, 00191 5 -5 -, 0345
A 6  -12 -, 00209 6 -3 -. 0223
E 7  -13 -, 00223 7 0 -. 0064
] 8 0  -,00013 8 3 . 0141
BERAE 9 0  -.00061 9 -13 -, 0600
\ Lo 10 -3 -, 00175 10 -11 -. 0597
g : J 11 -5.3 ., 00272 11 -9 -, 0449
' i b 12 -8.4 -, 00367 12 -7 -. 0379
13 -10 -, 00423 13 -5 -, 0299
! 1 A 14 0 -, 00065 14 -3 -. U169
Lo 15 0 -, 00094 15 0 -, 0029
; 16 -2.6 -, 00252 16 3 , 0191
L | 17 -5.7 -.00393
B } 18 -8.2 -, 00513]| 21 FRVH 1 3 -. 0834
¥ y L 19 -10 -, 00576 2 0 -, 0547
g 20 0  -.00056 3 -3 -. 0349
AR 2l 0 - 00078 4 -5 -.0194
3 P 5 -7 -, 0006
A 6 -9 . 0251
: : 7 -11 , 0531
L 8 -13 . 0761
2 : 9 3 -, 0725
- S 10 0 -. 0528
| 11 -3 -. 0379
- 1z -5 -. 0228
E 13 -7 . -.0063
A 14  -10 0264
X o
3 g (
" 1
b
b y {
|
', {
(.
- I
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ANALYSIS MODEL _ REPORT NO, paGE Bl .
snerano av_Ra K. Rohtart Aerodynamic Tests of an Q;ouu?ml - y
cuscxeo wv__ 8. ¥, lalorge Helicopter in the Ames 40' X 80' Wind Tunmel |
iy

A N AFFEWDIX 3

\ FHYSICAL DESCRIPTION OF MAIN ROTOR AND CONTROLS

T i N i

BT A

i The msin rotor is a four-bladed, fully articulated system having a lesd-
lag hings located 16.19 inches from the Cy of rotation and s flapping and

T
A

festhering hinge located 5,350 inches from the Cp of rotation. Centrifugal
force is transwitted from the blade through the lesd~lag hinge to the out-
4 board end of a pack of thin steinless steel straps snd is reacted by the cen-

trifugal ferce of the opposite blade, so that the hub is not relied on tu carry

the centrifugal force. The inherent flexibility of the lamimated strap packs
’t : permits flapping and pitching motions to be sccommodated by structursl deforma-
’ tions. 'the flapping and feathering hinge serves primerily as sn slignment

f (‘l peint; a self-lubricated spherical bearing free to alide on a pin provides

freedem for all angular motions and permits eloungation of the astraps dus to
‘ _ centrifugal force.

8 | The straps are of high strength stsinless stesl strip, with teflom

shests bstwesn the laminstions to prevent fretting. The hub is a prewium

E strength aluminum alloy casting, mounted on tspered roller bearings which

trapsmit thrust and hub moments to ths mast. A six-ineh radius curved

. : surface (shos) is provided to permit wrappircg of the straps dus to flapping

; snd pitching motious.

1 The blede is 8 compusite structure consisting of: 2024-T4 aluminum

I
)
i
i
'
{
.

‘ extruded spar, 2024-T3 aluminum skin, 202473 aluminum chsnnel, 2024-T3

aluminum strip, and extruded bress waight at the leading edge. All these .\,

' parts are bonded togather. At tha blade tip, a bronze weight is bonded and
1 " rivetad to the blade. At the root of the blade, the upper and lower root

fittings are bonded and bolted to the blade. At this location, the blade

..
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ANALYSIS MODEL AEPORT NO. racz D=2
snzranee ov_ R, K. Rehtert Aavedynsmic Tests of an Operstiensl OH-6A
cwxcxeo sv___5. V. LaPergs Halicapter in the Amss 40' X 30' Wind Tummel

hss reinforcemsnt from the 2024-T3 alwainum dowblers. A 2014-T6 sluminum
forging is attached to the roét eof ths blade for takimg the demper srm load.

P RIi T M EImliico Taa Tan

. The blade has -8° twist and ne taper. Pigure B-1 presents significent blade
1 dimensions, the flapwise inertis, and the cherdwise inertis.
The blade has en FACA 0015 airfoil seetion of 6,83 inch cherd, Wieh

i the treiling edge axtension the oversll chord i{s 7.21 inches. Pigures B-2,

s rET T T

=3, =4 present the epanwise distribution of \-ight. chordwise c.g. lecation,
[ P4 and cherdwiss moment. Table B-1 presents & summary of the Rotor Mass

ey T ey

'l , properties.
; ‘ The main reter hud controls ars illustrsted in Pig, B-3, Cyclie snd

P ' collective pitch motions of the rotating swashplate are carrisd to the integral
horns on the piteh housings by short links with rod end bearings. The A
L rotating swashplate is driven by links fastened to the hub. The rotating |

™
\ e oy o e« o T

r; E nuhphei 19 connected to the non-rotating swashplate through a deuble ﬂ
b % row ball besring. The outer race of this basring is a part of the rotating ;
A \ ! swashplate; the immar race is a part of the non-rotating sweshplate. The non- |
: * rotating sweshplata tilts on a salf-lubricated bearing surfsce moving

l against a hard surface ou ths main rotor msst. Rotation of the nen-rotating

swashplate is prevented by one of the links that transmit contfol metion

{ from the mixer sssembly.
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MODEL REZPORT NO, PAGE B-3
AKALYSIS

srzpareo sv__R K Bohtert _ Asvsdynamic Tests of an Qtienll €H-6A
cneckeo sy___8. V. LaFerge Helicepter in the Ames 4&0' X 80°' Wind Tunmel

TANLE B-1
SUMMAXY - ROTOR MASS PROTERTIES

RFMOVABLE LEAD-1AG  FLAPPING
Di1s ~B4PE = _BAM =~ EADE

WRIGHT Lbs, 26,96 28.61 37.25
ORNTER OF GRAVITY
Pitch Axis (.25C) In, 0.03 0.04 0.21
Leading Rdge In. 1.74 1.75 1.91
Center Line of Rotation In, 80.53 76.85 61.74
Pirst Moment Lb.~1In. 2171 2199 2300
MMIRTS OF INJERTIA ABOUT
Center Line Rotat & .,25C Lb-In.Sq. 239883, 241256,
‘l'rtusq. 51.78 52-07
I-L Hinge & .25C Lh-1In.8q. 113 = 176192,
Flgp Hinge & .25C Lb-1In.Sq. 217083.
(8ts 5.50) S1-Fe.Sc. 46.86
Pitch Axis (.25C) Lb-1In.3q. 09,72 173.33
S1-Ft.Sq. .0215 .0374
OENTROIBAL MM OF INERTIA
lapping Lb-1n,.8q. 64529. 70865. 99162.
: 81-Pr.8q. 13,93 15.20 21.40
Pitehing Lb-1In,.Sq. 94,42 98.24 170.63
31-Pt.8q. .0204 .0212  .0368
Lead-Lag Lb-In.8q.  54582. 70919. 99269,
§1-FPr.8q. 13.9% 15.31 21.43
PRODUCT OF INERTIA
About Center of Retat Lb-1In.8q. -73. -65. 10.
& .25 Chord MLL 1735
ITEM WEIGHT (LBS)  IZ (Li-IN SQ)*
ROTATING HUB & RETENTION ITEMS 29.00 464,

FROM HUB CENTER LINE TO FLAP HINGE
1Z = W(R SQ@®), R = 4,00 IN ‘
IZ = 29.00 ( 16.00) = 464, Lb-In Sq

®. FLAPPING BLADES 149,01 965025.
WT = 37.25 X 4. = 149,01 Lbs
Z = 241256. ¥ 4. = 965025. Lb-Io Sqd

TOTAL ROTOR GROUP 178.01 965489,
(208.39 S1-Ft Sq)

* Height & Momenr of Inertia About Hotor Centerline Begt A\!ailablf‘ an'z;
S §iter BT




-‘

" HUGHES TOOL COMPANY-AIRCRAFT DIVISION 369-A-8020

NODEL REPOAT NO, pAGE B-&

e
5

ANALYSIS
pngeanzp oy R. K, Rehtert Asrodynamic Teste of an Operstional OH-6A

3 cHEckao ay____Be V. Lalorge Helicopter in the Ames 40' X 80' Wind Tunme :‘ga;,
3 i ¥

N5 Lesd-lag Hinge
SN MARLROTOR_RIADE e b
S T 16.19 E
Ll + e
17.19
2 ¥
.} 3\ --

i F 19.19 3

L 20,63

] |

e

e ot e e e A ST T

- F —1_ 23.62 .3737 5.570
1 .

] 2 K

‘ F_.__.. 36.19  .1136  3.276 1

{ ' 157.625

4 - 6 2 8 - -: : 3
l : B = 10.5 X 10°, lbs/in YICUE 3.1, ‘sg g E u". 8, l
‘;y ’ | N l j o mer rm e s [ g - = — : l

.
’-a

ordwise
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HUB

FIGURE B-5 - MAIN ROTOR CONTROLS &




