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INTRODUCTION

As a continuation of the studies of reference 1, three full-scale
helicopter rotors have been tested in the Ames Research Center 40~ by
B0~foot wind tunnel. All three of them were two-bladed, teetering
rotors.

One of the rotors incorporated the NACA 0012 airfoil section over
the entire length of the blade. This rotor was tested at advance ratios
up to 1.05, Both of the other rotorsg were tapered in thickness and
incorporated leading-edge camber over the outer 20 percent of the blade
radius. The larger of these rotors was tested at advancing tip Mach
numbers up to 1.02.

Data were obtained for a wide range of 1ift and propulsive force,

and are presented without discussion.
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NOTATION

Positive direction of forces and moments sre shown in the following

sketch.
by
CQ \..JCMz
Al s By coefficients in the representation of rotor dlade
8 8
cyclic pitch, that 15, 8 = - cos ¥ - sin
yelic piteh, s 8 = -A) cos ¥ B sin¢,
deg
&l y bl first harmonic flapping coefficients relative to
8 8

shaft normal plane, deg

m
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ALPHA CONTROL

ALPHA SHAFT

Dtare

tare

cH

CLR

Itare

n
tare

CMX

CMXEB

(Drag) ..

angle of attack of control axis (swash plate)
relative to tunnel centerline; positive tilted aft,
ALPHA CONTROL = ALPHA SHAFT «Bls, deg

angle of rotor shaft from vertical, positive is shaft

tilted aft, deg

e
q8

i £
(L% t)tare

qS
rotor propulsive force coefficient in shaft axes

system; Eg
s
rotor lift coefficient in wind axes systenm, LIFT

ns (QR)2

(Rolling momenttare)

g S R

(Pitching moment )

tare
qg 8 R

resultant rolling moment coefficient about rotor center
rolling moment, me
pS(QR)zR g

rolling moment coefficlent about rotor center in shaft

in wind axes system,

axes systen

resultant pitching moment coefficient about rotor center,
C
pitching moment, my

0S(aR) %R o
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CMZ

Drare

cp

Cro

cQ

CT

-CXR

tare

CYR

M(1) (90), M,AT

resultant yawing moment coefficient asbout rotor center

in wind axes system, yawing moment, z
o S@ER)R °

(Yawing moment, 3

q § R

rotor power coefficient, power
DS@RF

profile power coefficient,

CPO = CP - (CLR)2 g - CXR (V/OR)
2(V/0OR)

rotor torque coefficient (shaft axes yawing moment
coefficient)
rotor thrust coefficilent (shaft axes 1lift coefficient)

rotor propulsive force coefficient in wind axes

system, -~ Drag

08 (@R)Z
{5ide forcetare)
qs
CY
rotor side force coefficient, side force, 'R (same
o

o 8 (9R>2

in both wind axes and shaft axes systems)
rotor blade tip Mach no. at 90° azimuth position

2 1b/et?

free stream dynamic pressure, 1/2 oV
rotor radius, ft

reference area, (no. of blades)x(blade chord)x(rotor radiu$)ft2


Dow
Rectangle

Dow
Text Box
4


T free stream temperature, deg R

THETA collective pitch at .75R, deg*
v free stream velocity, ft/sec
V/OR advance ratio, V/OR
p air density, slug/ft3
Q rotor rotational speed, radians/sec
o rotor solidity, __S_._
nRz
Gc cyclic pitch, deg¥
61 blade twist,deg*, from center of shaft to blade tip

collective pitch at 2,33 ft radial distance from
hub center, deg
#Pitch angles are measured from a plane perpendicular te the rotor

shaft to the line of zero 1lift of the airfoll section.

MODEL DESCRIPTION
General

Figure 1 is a general view of the rotor system installed in the wind
tunnel test gection. Rotor shaft angle-of-attack was remotely controlled
uging an extendable taill strut. Rotor power was provided by a 1500 HP
variable frequency electric motor ingide the falred body. Collective

and cyclic pitch were remotely controlled and monitored from the control
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room. First harmonic rotor flapping coefficients relative to the shaft

were obtained from electronic flapping resolvers.
Rotors

Three sets of blades were used for these investigations. The 34 ft
blades had NACA 0012 airfoil sections. The 44 ft and the 48 ft blades
were tapered linearly in thickness from .8R to the tip, which was ap~
proximately the NACA 21006 airfoil. The tip airfoil is described in

detail in figure 2. The dimensional information related to the rotors

is given below.

Parameter Rotor No. 1 No. 2 No. 3
Rotor radius, ft 24.0 22.0 17.0
Blade chord, ft 1.75 1.75 1.75
Cutout radius, ft 2.04 2.04 2.04
Rotor solidity L0464 0508 .0656
Reference area, ft2 84.0 77.0 59.5
Blade twist, linear, deg ~10.9 -1.83 ~1.42
Blade taper ratio 1.0 1.0 1.0
Hub precone angle, dep 2.75 2.75 2.75
Moment of inertis about flapping

hinge, ftwlbusecz, per rotor 2289 1995.2 1361.6
Number of blades 2‘ 2 2

Adrfoil

NACA 0012*% NACA 0012% NACA 0012

A standard UH~1D transmission and rotor shaft were used in con-

junction with a speed increasing transmission to match the motor speed
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to the UH-1D transmission. The rotor was controlled by a modified UH~1B
control system.

*These thin tip blades were NACA 0012 from the root to .8R, and
linearly tapered in thickness from .8R to the 6% thick tip. The zero
1ift line of the cambered tip sections was varied such that the linear

twist distribution was maintained. (See figure 2.)

OPERATING PROCEDURES

Tunnel speed and rotor rotational speed were adjusted to obtain the
desired advance ratio and advancing tip Mach number. At each combination
of shaft angle and collective pitch, the cyclic pitch was adjusted to
minimize first harmonic blade flapping, and data were then recorded. Col-
lective pitch or shaft angle was then changed and the above procedure
repeated until a limit was reached in motor power, control position, or

structural loading.

Data Reduction

Six-component forces and moments were measured by the wind tunnel
balance system., Tare corrections were applied to the balance data to
account for forces and moments produced by the exposed model support
struts, the faired body and the rotating hub. All rotating hardware
inboard of the 2.66 ft radius station were included in the tares. The

tares were applied based on wind tunnel dynamic pressure and shaft angle.
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Rotor downwash effects on the tares were neglected because of a lack of
confidence in any known technique for assessing their magnitude., The
tares used are listed below in equation form.

For Rotor No, 1:

c = -0,8898 + 1.0521 cos ey + 0.3913 gin o
fare
e = 0.9456 - 0,7869 cos oo + 0.1288 sin o
D 8 8
tare
Cm = (.4623 - 0.4933 cos aa + 0.1732 sin o
tare
C = 00,0178 - 0.0215 cos o+ (0.0257 sin o
v B s
tare
C = 0,
ntare
C1 = 0.00246 - 0.000446 cos g - 0.01813 sin o
tare

Por Rotors No. 2 & 3:

o, = 2(-29.740 + 39.39 cos & + 29.33 sin o
8 8 8
tare
+ .0311q + 240.54 o > - 90.96 « ¢
Sradians Sradians
- 1046.3 a > +193.68 o ©

Sradians Sradians
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c = 1(59.895 - 49.767 cos o+ 6.456 sin o
13; s 8 8
tare

3 +336.69 o
Sradians Sradians
5

4+ 102.92 o . - 754,89 o 6
Sradians S8radians

+ . 0466g + 38.975 o

¢ = 1(-419.97 + 470.78 cos o+ 292.20 sin o
m 8 8 8
tare
3
radian

3 - 9448.1 o ©

S8radians Syadians

4

Sradians

- 2.312q - 2072.3 o_ |+ 4381.0

+ 10514.9 o

o]
i

1(2.989 - 3.983 cos o - 2.191 sin o
v s 8 s
tare

3 + 160.65 o °
8radians Sradians

> - 2634.1 o ©
8radians Sradians

+ .009q + 126.06 o

- 1301.7 o

c = 172,312 + 79.817 cos o+ 15.230 sin o
n 8 s 8
tare

3 - 1237.31 o %
Sradians S5radians

5 6
+ 4080.31
8radians 0‘Srauiien:xs

- .1695q ~ 642.46 a

+ 1215.98 o

C1 = l{(—27.709 +41.964 cog o - 4.227 sin «
s 8 s
tare

3 -~ 812.0 ¢ 4

Sradians Bradians

5 + 1063.68 o °

8radians Sradians

- .210q - 351.91 o

+ 637.27 o

The control axis angle of attack (ALPHA CONTROL) was determined by
the equation

ALPHA CONTROL = ALPHA SHAFT ~ Bl
8
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where longitudinal cyclic, Bl » Was obtained from model instrumentation.
8
The total torque coefficient, Cp, was derived from tunnel balance moment
o
data. The term CP0 was computed by the equation

CPg = CP - Q(CLR)Z ~ CXR(V/OR)
2(V/OR)

This equation is based on the assumption of uniform downwash distribution
over the rotor disk.
Tabulated data are presented in both the wind and shaft axes systems.

All data are referenced to the rotor hub center.
Data Presentation

Test conditions for the rotors are illustrated on the Rotor Velociéy
Diagramg shown in Figure 3., Numbers adjacent to the symbols on these
diagrams refer to table numbers which present the data for thaf condition,

Tabulated data are presented in both the wind axes and shaft axes
systems.

Although the techniqug used in these tests was directed toward ob-

taining dats with a, = bl = 0, some data were recorded wherein flapping

1
s 8
was not zero. Of those data, only those for which |a, | or {by | was
8 8
greater than ,2° are so noted and listed in the tabulated data.
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Figure 1.- GENERAL VIEW OF ROTOR SYSTEM.
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Figure 2.~

FOR ROTORS NO. 1 AND 2

UPFPER AND LOWER SURFACE COORDINATES OF BLADE TIP ATRFOIL SECTION

All dimensions are in inches

¥

upper lower

0 -0.25 -0.25
.105 -.082 -.343
.210 -.002 ~.373
L20 .110 -.398
630 .193 - 417
Bho 260 -.435
1.050 .318 - sy
1.575 A5 ~-.490
2.100 485 - 520
2.625 .532 -.545
3.150 562 -.562
L.200 603 - .603
5.250 623 -.623
6.300 630 ~.630
7.350 625 - 625
8.%00 609 -.609
10.500 556 -.556
12.600 L7g -.k79
14,700 .385 -.385
18.900 .152 -.152
19.950 .085 -.085
21.000 .020 -.020

Leading-edge radius = 0.062 at y = -0,250.
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TEST 288.5 RUN 7

ALPHA AL PHA

PT. SHAFT  CONTROL
14. 5.0 M;B-Q

1353 FELTTTRIOLU
l6. ~5.0 =11.7
i7. "'10-0 ~1l4.1

By TFI0.0 =158

19. ~10.0 ~12.5
20. ~10.0 ~11.0
I T-T5.0 C -18.2
224 ”15-6 -19.3
23, ~15.0 ~20.9
2R C=5.0 7 =5.9
25. ~5.0 “~5.6
2.60 0-0 -1 .5
TrETS T QL0 ~Z2.8
28. 0.0 -4 .5
29. 0.0 ~bak

" 30 ‘0.0 =03
3i. 4.0 3.4
2. 4.0 1.8
TTTEES %.0 U.2
3". 4.0 -1 b

ROTOR SCALE DATA * PROGRAM LAZ4370 ¥ WIND AXES

Table T -~ 1.

Rotor No.

1, V/OR =

.30, M(1.0, 90) =

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TiP SPEED

CLR™

xR

CYR

CMx

0.051042 0.002568 -0,001276
OLUESETZ UL B0RE3T 0 0BT6 16 1. G00009 ~0,

0.083975
0.041437

'6.§6ﬁ§§ﬁ'

0.024051
0.005556

W.0TY512

C.034167
0.050058

G.030671

0.012428
0.040323
G.U59234
0.0T78254
0.094102
0.0T96%4
0.042841
0.061487
0.080812
G.096365

0.006965
0.005676

GL0G9626

0.002354
-3,000825
§.002733
0.007581%
0.012464
G.000862
-0.000611
~0.001729
~0.QUIEYI4
~0.001343
~0.000070
-0.001573%
~0.004535
-0.005792
~0.0058908
-0.006799

~0.002005
~0.000734

~0.000829°

~0.000851
-0.000783
=0, 006712
-0.000511
-0.000577
-0, 000943
~Q. 000849
~3.001402
~0L.QUIv1Y
-0.002413
-0.002997
-0.001315%
~-0.002352
-0.002753
-0.003299
~0.003751

‘3.000074

-0.000068
~0.000403
-0.000864
~0,000148
~0.000087

~0.000497

~0.000848
~-0.001292
0.008G094
0.00C4975
0.000250
T.000384
0.000440
0.000428
g.00a192
0.000482
G.000535
0.000555
0.000715

B M 1 §

0.000475

TMET

e
0.005119
0.003689

P
-0.001055 0.002799 0.0026220 0.0016538 0.298 0. 790
ooIEy

<003
0.0048717
0.0034549

" TPO

N [
0.0022472
0.0014240

VIUR“WTrIT“ﬁﬁ;s

6

0.298
0.2%9

Q7723768 PAGE T~
TIME 47B.35

0.790 -
0.787

EnLah

-0.001308

-G .000851
-0.000559

-0.000837

-0.001018
~0.001320
~6.060838
-0.000655
~3.000789
-0.001146
~0.001197
~0.001402

-0.0005689

~0.000721
~0.000950

~0.001163

~0,001244"

0.005212
0.002502
0.001460

0.0049584
0.0022614
0.0012243

0.0017851
0.0015147
0.0014668

0.300
0.298
0.297

9.786
Q.786
0.789

0.002598
0.004228
0.005888
4.002030
0.001498
0.001265
0.001%58
0.002139
0.003168
.001205
0.000380
0.000286

‘0.000494

0.001163

0.0023484

0.0040008
0.0056643

0.001868%

0.0013534
0.0011344

0. OUTITHE

0.0019386
0.0029558
0.0010828
0.0003431
0.0002490

G.0004407

0. 0010647

0.0015057
0.00163%6
0.0017362

0.0015376

0.0015223
0.0015245

U.00Te352"

0.0018645
0.0022886

S 0.6615209

C.0015473
0.001567%0

T 00T9%2T

~ nAn7g55

0. 299
0.300
0,300

0.296
0.299

Yike

0.296
Q=299

0.297
0.298

0298

0.300

L2997
LT
T.792

0257

578

0.788
0.788
0.786
0,788
0.790
0.788

0.789 Q.
0.789 .

0.791
0.789

VI 0 3 Lo 3 00 D1 VD I &0 B O

Q.786 :
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TEST 288.0 RUN 3

WIND AXES COEFFICIENTS, BASE(Q ON

Table I « 2,

ROTOR SCALE DATA * PROGRAM LAZ430 * WIND AXES

ALPHA  ALPHA

PT.  SHAFT CONTROL CLR CXR ~ CYR
1. ~5.0 -T.3 D0.029615 (.001078 ~0.001282
2a -5.0 -8.7T 0.048920 0.002887 —-0.001518
AT U URRLT SI0LE L0878 0.005046 0. 00 T4l
&, ~5,0 ~12.0 0.084405 0.007658 -0.001996
Sa “T-0 ~13.6 0.073726 0.008862 -0.001443
TTTTTTRSTTT=IZLU T URITLE T 0.0487238 0. 009409 6. 606319
7. -10.0 ~=15.6 Q.057903 0.009732 -0.000621
B. ~30.0 ~16.6 0.066472 0.011672 ~0.00059%
TUTTRTUTTRELY O FIEL0 0L.0TRY5E .0 TI07S <0.000689%
10. -6.0 ~13.,5 0.085678 0.00995% —-0.001652
11- _?-G “l"l‘oq 09031135 0-01053* '0&001227
B V-SSR s B ¥ D D.037811 0.003337 -0.00064ds
13. -Fa0 -8 a5 0.019135 (.000972 ~0.000895
4. ~T.0 -F.2 0.001754 -0.001026 ~C.00077L
"""""" ARTTTURTLGTURTL 2 G O0U23IS 0. 001209 ~0.0000864
i6a -3,0 ~2»8  0.003543 -0.000988 ~0.001341
17. ~3.0 ~lsk ~0,015453 ~0.001743 -0.001444
18, ~3.0 -8.8 G.077304  0.003¥2% ~(.002054
19. -3.0 ~10.6 G.09261l4 O0.005961 ~0.002367
20. 0.0 - 0.0%1997 0.000460 -0.003254
TUTEYYTTUWIETT ST BL0%94%84 BLO01IT3I9 -0.00349%
22. 0.0 ~2.9  0.056426 ~0.001257 -(0.002227
23. 3.0 ~0.7 0.073508 -0.0064801 ~0.003199
TR 3.0 0.8 0.053559 <0.004026 ~0.002717
25, 3.0 2.2 0.034645 -0.0030346 ~0.002469
26, 3.0 3.6 0.016667 ~0.001996 ~0.002354
rd 0% 3.0 -2t 0.0890%4 ~D.004410 -0.003880
28. 3.0 =4.5  0.,0995%00 ~0.002802 -0.004146

03/19/68 PAGE 5

) T T TIME #REL.RY T
Rotor WNo. 1, V/OR = .30, M(1.0, 90) = .85
ROTOR "BLADE AREA ANG ROTHR TIF SPEED
ChX CMy  _CMz. _ _CP  CPO V/OR  M\AT & Sgrip
0.000380 ~0.000334 0.002062 0.0019000 0.0015069 0.302 0.848 1.0 12,
0.000359 ~0.000430 0.0026843 0,0026723 0.,0016161 0.302 0C.848 .7 ik,
§.00628% ~0.000415 0.003836 0.G038739 0,0018091 0.301 0.852 .6 ' 16, —
0.000063 —=0.00031% 0.005237 0.0050028 0.0021308 0.304 O0.844 .3 18.
~0.000263 -0.000327 0.005302 0.0050733 0.0019787 0.302 0.848 .5 18,
~0. 000807 <0.000379 0.004811 0.0048283 '0.00160589 0.302 0.848 1.0 8.
~0.000571 ~0.000347 0.005053 0.0049216 0.00L7150 0.303 0.846 .8 18,
-0.000731 ~-Q.000328 0,005890 0.0056886 0.0018204 0.302 0.848 .8 19,
=0, 000574 ~G.000233  §.005943 0.0057666 0.0019840 0.303 0.847 .6 19, T
~0.000285 -0.000276 0.005923 0.0057435 0.0021641 0,303 0.846 .3 19.
~0.000488 ~0.000404 D.005948 0.0057604 0.0020651 0.303 0.846 .5 19,
0.000059 ~0.000419 0.002708 0.0025894 "0.0014714 0.303 0.846 .9 i, T
0.00C170 ~0.000288 0.001883 O0.0017432 0.0014205 0.303 0.846 1.1 12.
0.000057 -0.000508 0.001245 0.0010493. 0.0013602 0.303 0.846 .9 10.
0. 000176 —0.000565 T.001261 0. 0010714 0.001%367 0.304 0.84% 1.0 1w, T
0.000329 ~0.000468 0.001328 0,D012148 ©0.0015131 0.303 0.847 1.0 8.
0.000309 -0.000434 0.001247 0.0010429 0.0015516 0.302 0.848 - 8 6.
0.0002Z8C ~0.000355" §.003690 0§.0034991 "0.0015128 0.303 0.846 .5 %, 7 -
0.000178 ~0.000330 0.005048 0.0048308 0.0023621 0,305 0.843 .1 18.
0.000647 ~0.000524 0.003244% 0.,0030821 0.0022953 0,303 0.846 .1 16.
0. 000568 ~0.000496 "0.004078 "0.0038343  0.0025935 “T.308 HLELS . o 7. 77
0.000668 «~0.000322 0.001600 0.0014321 0,0015721 0.304 0.843 .8 iz,
0.,060902 ~0.000413 Q.000870 0.0007465 0.0017912 0.304 0.845 .3 12.
0.000829 -0.000404 0.000695 0.0006247 §.0016243  0.303 "06.847 .7 w0,
0.000807 -0.000321 0.000770 0.0006969 0.0015270 0.304 0,844 .8 8.
0.000791 -0.000312 0.00L041 0.0009736 0.00156G3 0.305 0.843 .8 5.
0.000977 ~0.000439 (.001500 O.C0I3870  0.003Y163  0.303 " 0.846 _ W1 L, T
G. 000897 ~0.000413 0Q.003114 0.0029625 0.0030441 0.302 0.848 _ o 15.
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TEST 288.0 RuUN 8

ALPHA
PT. SHAFT
l. «~5.0
2 “5-0
3. -5.0
L3 '5-0
5. 5.0
éo ‘“!.01-0
Ta ~10.0
8. “10-0
Fe ~15.0
lon —1540
ll. «15.0
TTIZT LT
13, -17.0
14. =170
TR TTTRYLY
6. -17.0
TEST 28840
ALPHA
BT, SHAFT
1s -309
2 ~3.0
mmgtm . 13;&
b ~3.0
$§ ~3.0
6‘«:. —'3.0
Te -5.0
8. _St
N T 2a
10. 2a
il. 0-
iz, 0.
13. 0.
14‘ 5.
15, 5.
16. 5.

ALPHA
CONTROL

”7-8
“H 5
“9-2
~10.2
~10.8
’ "13.3
~14.8
=-l4.1
-17.6
~18.8
*19¢4
-20.5
~21s1
~21.5

‘‘‘‘ EULOTTULUT519Y T 0LU0ZATI -0.600301

-19.3

ROTOR SCALE DATA * PROGRAM LAZ2430 #* wIND AXES

Table I - 3.

Rotor No.

WIND AXES COEFFICIENTS, BASEDC ON ROTOR BLADE AREA AND ROTOR TIP SPEED

CLR

0.049643
Q.03L727
D067V
0.075513
0.083909
0.040817
0.056865
0.049363
G.0F7051
0.033473
0.041103

0022181

0.028974
D.037228

CXR

0.002083
0.000432
0.003868
0005012
0.006477
0.004937
G.008451
0.006779
6.00Z301
0.006913
0.009203

0.006998
0009667

T.004883

CYR

-0.001365
-0.001188
-0.001843
~0. 002260
~0.002516
-6.000655
-~0.000808
-0.000641

~0., 000505

~0.000262

=0,000102

$.000119
0.000123

0.007663 0.000048 ~0.000529

RUN g

ALPHA
CONTROL

4.1
~3.5
98
=TT
—8¢5
-§.2
-9.8
*10-5
T b.0

i
e GE AR UL e

L] LR * & L] -
- B e O P AR

WIND AXES COEFFICIENTS,

CLR

0.029093
0.024576

§.070d46

0.077569
0.085398
0.096634
0.077246
0.085093
0.051233
0.043925
0.08639%92
6.0%91684
0.087T128
0.0560445
0.070897
0.085032

CXR

-0 .,001945
-0.0600904
0.061570
0.002601
0.003338
0.004687
0.,004883
0.006108
~G. 004198
~0. 004130
-0.001878
<0,000793
~4.000299
-0.008006
~§.008840
-0.049209

(EYR

~3.,001531
~0.001385
~G.002267
~0.002366
-0.002623
~3,003098
-0.002283
~0.,00249]1

-0.002344

~0.002307
-0.003119
~0.003345
-0.003257
=-0.003105
-G.003332
~3.003742

LHMx

¢.000120
0.000260

0.000083

0.000101
0.000161

~0.000317

~0.000598
-0.000469

-0.00G39%

-0.000868
~$.001092

-G. 000825 -

-0.001116
~0.001422
—a.ﬁﬁaéii
-0.000230

CHx

0.000369
0.000323

0.000372

¢.000302
0.000400
g.00030s
.000084
-0.000161
0.000578
0.000631
2.000563
0.000715
0.000532
0.000746
0.000794
£.000950

032/19/68 PAGE 9

TIME 846.82
1, ¥/CR = .30, M(1.0, 90) =
CHY cMz cp cPo V/OR  MoAT A Sgrip
~0.000400 0.003044 0.00287280 0.0020170 0.297 0.952 .5 1k,
~0.000411 0.002413 ©0.0021827 0.0019755 0.300 0.953 .7  12.
-0, 000422 0(.00410% 0.0038730 0.002358% 0.300 0.953 .3 16.
~0.000431 0.004774 G.0045508 0.002604% 0.300 0.951 .1 AT,
-0.000503 0.005633 0.00536063 0.0028925 0.300 0,950 0.0  18.
~8.000534 0.003764 0.0034776 C.0018744& 0.299 0.952 9 16.
-0.000608 0.005304 0.0050772 0.0022950 0.300 0.952 .6 18.
-0.000533 0.004574 0.0063715 0.00214%1 0.301 9.948 .8 17.
~0.000407  G.00276% 0.0025684 0.001i8567 0.299 0D.948 1.1 16.
~0.060436 0.004328 0.0041427 0.0019783 0,301 0.948 1.0 18,
~0.000455 ' 0.005129 0.0048732 0.0019820 0.300 0,951 1.0 19.
-0.000250 " 0.003521 7 0.003a500° 0.0019624 0.299 0.950 1.2 18.
-0.000374 0.00%41681 0.0041537 0.001990¢ 0.300 0.950 1.1  19.
=0.,000489 0.005098 0.0050920 0.0020825 0.300 0.950 1.0 20.
~.0002¢R G.002751 0.0026388 0.0018826 0.298 0.949 1.2 17,
~0.000280 0.002109 0.0019419 0.0019230 0.298 0.948 1.1 6.
BASED ON ROTOR BLADE AREA AND ROYOR TIF SPEED
CcHY Mz P _tPo V/OR MY A Cgrip
8
0.000361 0.002054 0.0018774 0.0023919 0.298 0.9355 .8 11.
-0.000543 0.001823 0.0016829 0.0019072 0.300 0.950 .7  10.
<0, 006610 " 0.0033H6 T 0.0031d7e 0.00z22283 0.301 0.949 .3 15.
—0.000713 0.003975 D.0037550 0.00256%6 0.300 0.951. .2 16.
~0.000952 0.004721 0.0045009 0.0029370 0.299 0.953 .2 7.
-0.000660 0.005621 0.0053979 0.0033668 0,298 0.955 - .1  18.
~0.000789 0.004824 0.0045965 0.0026670 0.301 0.952 .1 17.
~-0.000731 0.005638 0.0053857 ©0.0029917 0.300 0.953 0.0 18.
~0.060531 0.00112+4 0.001024Z  C.0020710 "0.298 "©.950 .5 10.
-0.000526 0.001064 D0.0009865 O0.0020823 0.301 0.951 .6 g,
-0.000286 0.003007 0.0028442 0.0028381 0.382 0.95% .1 5.
~0.000118 0.003839 0.0036%33 0.003243% 0.301 0.95% 0.0 15.
-0.000233 0.004874 0.0046408 0.0040022 0.300 0.953 - .2 17.
~0.000933 0.0G0158 0,0001551 0.0022705 0.300 Q.947 -3 9.
~0.000441  $.000233 (.0002345 0.002485% 0,299 0.950° .3 10.
-0, 000579 0.000730 0D.0007S87 0.0029783 0.301 0.951 1 12,

16
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TEST 288.0 RUN

ALPHA
SHAFT

~5.0
6.0

6.0

"50{}
"640
gl

~3.0
"9.0

"‘g aG' )

-%.0
‘12»0
-12.0
~12.0

512.0 )

-85
-3.0
~-3.0

"‘6&0'

=& o}
=60
=&,

""gng
~3.0
-3,0
~3.0
~6.0

11

ALPHA
CONTROL

=6l
~6+9
~Te2
~T1.9
-B.6
R I
~-10.6
~11.2
"'1108
“‘1205
"'1308
- -14,3
""15 <0
“«13.2
“g,.g
=6.7
""’Q'a?
"‘7-2
"‘70?
"505
~§.2
"11:8
-iil.1
~10.4
-9.8
"’7-1

WwIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIF SPEE]

CLR

0.032471
0.026653
0.035456
0.045178
0.053029

0.0606T1

0.029126
0.,037116
0.046723
0.055362
0.022260

C0.030262

0.039006
0.013491
U 0205624
0052676
0.054202
G.03871¢9
0.046604
G.054744
0.062730
0.04T7482
0.039178
B.029298
0,022933
0.038329

CXR

~0.000348

-0.000282
0.0004%1
2.001292
0.002146
0.003230
0.001277
0.002580
0.004551
0.005366
0.001529
0.0031301
0.005051

~0.000154

C0.000150

-0.000639
-0.000924
0.000291
0.001107
0.001993
D.003023
0.003568
0.002597
0.001196
0.000131

ROTOR SCALE DATA * PROGRAM LA2430 * WIND AXES

Table T ~ 4.

CYR

-0.001252
~0.001064
-0.001079
~0.001303
~0.001512
-0.000692
~0.000648
~0. 000773
~0.000870
~0.000591
-0.000534%
~Ga.000547
-0. 000576
-0. 0008567
~0.0017T10
-0.001690
~0.000987
-0.001026
-0.001240
~0.001423
-0.000623
-~0.000481
~0.000414
-0.000338

Rotor No. 1, V/OR = .31, M(1.0, 30) = 1.0

CMX

¢.000168
0.000165
0. 000057
3.000067
~0.000075
~0. 008079
-0.000161
~0.000282
~0.0603T4
-0.000416
~0. 000376
—0. 000493
-3.000872
~3.000282
~0. 000189
0.000281
G.000312
J.000024
-0, 000067
-0.000056
8.004065
~0,000445
-0.000368
~3.000316
~3.000301

0.000282 -C¢.000872 ~0.000048

CHY

”°c000“7?
-0.000500
~0,000547
-0.000820
~0.0008%
~0. 060862
-3.00066%
~0. 000707

~0.0060644

~0.001114
~0.,000627
~0.0006%8
-0.000811
-0.000418

-0.uoueaz

-0.000713
~-0,000808
-0.000698
~-0.000767
-0,000832
~3.00049]
~0.000664%
~0.000699
-0 000542
~0.000567
~0.000687

CMZ

0.002870
0.002857

0.003216

0.003626
0.004182
0.004711
0.003415
0.003940

004601

0.005302
0. 003402
0003974
2.004819
0.002845

L0092

0.003062
€.003355
G.003461
0.003864
0.004425
1. 00498%
Q.004803
0.004174
0.003519
0.003134
0.003516

cp

0.0027214
0.0026933

0.00274948
0.0027274

i
Po

. 03/19/68 PAGELT

_.¥/OR

0.309
0.309

TIME 846.82

LB AT

0.990
d.98%

0.0030847
0.0034651
0.0039924

G.0028387

0.002911%9
0.0031173

0.308
0.310
0.310

0.992
0.989
0,991

0.0044980
0.0032531
D .0D37705

6.0032202

0.0027940
0.0028688

0,310
0.309
0.310

0.989
0. 990
0.9920

0.0044456
0.0050958
0.0032316

“0.0038187

0.0045337
0.0026525
$.0028093
0.0029527
0.0032226

0.0033327

C.0037212
0.0042687

‘D.U0S6T1IT

0.0046979
0.0040509
2.0034077
0.0030505
§.0033%02

0.0030483
0.0032046
0.0027240

UL.O0272967 0.3509

0.00285484
0.0026861

0.309
0.31¢
0.308

0.309
0.308

0.992
Q.991
0.992
0.996
0.993
0.990

T.0027311 0.307

0.0029403
6.0032787

0.0031327

0.0032181
0.0034332

0.0033135
0.0031449
0.0029777
Q.0029707

9.00313924

O.O034893

0.308
C.304

0.305
0.305
6.305
0.304
0.304
0.305
0.304

0.303

0.304

0. 991
0.991
1.002
T.002
1.000
1.002
TTLLe00
1.602
1.002
0,839
1.000

14008

 Ogrip

1z2.

i3.
1h,
15.
16.
1k,
15.
16.
i7.
15.
16.

k.
13.
13.
13.
13.
1k,
15.
16.
16.
15.
1k,
13.
13.

+

L‘Jl_sb!

s s

OV 0O

B

P

ot o
A0 OO OV ) D AT I A0 © O =1 COND DD

*
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TEST 288.0
ALPHA

PT. SHAFY
1- ~5.0
2- "‘"5-9
3. ~5.0
L ~5.0
Se ~5.0
- -16.8
7- "10:0
8. ~10.0
g, -IZ.0
i0. ~-12.0
il. ~-12.0
12, ~15.¢
13. “15.0
14- -15.0
15, ~12.0
16. 0.0
iz7. 0.0
18. 4.0
19. 0.0
20. 2.0
21 C 2.0
22 2.0
23, 2.0
2‘@& "599

RUN &

ALPHA
CONTROL

~Tab
"’6.1
~11.0
“13«0
-14.5
~14.7
"15.2
~17.8
-16.2
"17‘7
~19.2
-1%.%
~2Lla%
~1B.4
~14.5
5t
=75
“"9.5
~3.9

_2.1 .

-3
&l
~0.8

ROTOR SCALE DATA = PROGRAM LAZ430 * WIND AXES

Table T - 5,

Rotor No, 1, V/OR = .35, M{1.0, 90) = .85

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIP SPEED

CLR

0.023610
0.007s68
0.056771L
o.07L727
0.,082621
0,030783
3.045940
0.060293
0.0207177
0.035338
U.048421

G.0620873

0.0233549
0.005736
§.0u31se7T
0.067680
0.082532
0.091158
0.050050
0.061886
$.068944
0.0839849
0.044836

CAR

0.00051%
-0.000897
CJ.004T28

0.006495

0.008897

§.00365%

0.007054

0.010362

0.002349

0.006238

0.009760

0.003682

0.007583
~0.00066T
-0.001340
~-0.000392

0.000561

0.0027101
=0.000953
~3.002824
~0.602808
~0.001365
-0.002526

CYR

-0.000707
~0.00058%
~0. 000942
-0.001353
~0,001686
~G. 000058
0.00G137
~0.000107
0.0a0071

0.000111
-0.000172

0.000031
~0.000072
~0.000049
0.000293
~0.00257¢6
~3.003145
~{3.003595
~0.002157
~0.003126
~0. 003491
~Qa.004242
~0.002663

Cux

0.000124
0.000122
0.000024
~0.000147
~0.000320
~8. 000373
~-0.000611
~0.000924

~G.0D0U38E

~0.000730
“'0»000991
~0.000651
~0.000957
~3.000327

~-§, 0002307

0.000702
C.000557
0.0080576
G.D00643
0.000876
J.000829
0.G00854
G.000712

 EMY

-0+ 000444
~0.000394
-G.000%88
~0.000661%
-0.000170
-0.0300540
~0.000737
-Q0.000751
8. 0006458
=0.000591
-0.000652

~0.000376"

~0.000471
~0.000236

-G 000552

~(.000641
~0.000761

~0.000125

~3,.000781
~0.000813
~0. 000844
-0.000225
-0.0006%96

CKZ

0.001898
0.001369

0.003675"

G.004958
0.006433

0.003673

0.004490
0.0060230

T0L,002571

C.004027
0.005553
0.003124
0.004705
0.001562

oL, U0TZaT

0.002186
0.003168
0.004da0
0.001630
0.001216
0.00139¢6
0.003067
0.001040

=748 Fhvddtdh bbbk e RUR 23, SLAG I IR T E R AR T ELEE R FEREE~04,50565]

LER
0.0018362
0.0013124

000358427

0.0048405
0.0062898

0L.0029598

0.0044772
0.0059742

U 0025682

0.004D242
0.0055407

NI EEY A

000466752
0.0015097

4. 001 58"

0.0021002
0.0028951
0.0046932
0.0015132
0.0011312
N GEES VL
0.0029179
0.0009221

T TTTIRE BRI T
L CPO_ wIOR  M.AT A Carip
0.0016202 0,347 0.849 -7 12,
0.0016195 0.346 D.849 1.1 10.
T. 0019385 "0.348  0.848 .9 0 16,
0.0022280 0.350 0.846 .5 = 1B,
0.0027458 0.347 0.848 -3 20
0.0018476 0347 " 0.849 1.2 16.
0.0018932 0.346 0.851 1.0 18,
0.0021438 0.346 0.850 .8 | 2p.
0. 0017229 0,347 0.858 1.L ' 16,
0.0017763 0.347 0,848 1.1 18.
0.0020063 0.346 0.850 .9 20.
OLO0TB3IE 0.34% 0.850 1.1 18.
0.0019655 0.34T7 0.848 1.0 20.
0.0017386 0.346 0.849 1.1 16,
D.00T6I88 0347 D. 849 1.2 1k,
0.0019293 0.346 0.850 .6 1k,
0.0022445 0,346 0.8649 .2 16.
0.G03E014 DL348 T 0.849 .1 18.
0.0016755 0.346 0.848 .7 12,
0.0018499 0.346 0.B49 .5 12.
60019719 76,94 0.8ET .3 ik,
0.0028476 0.346 0.850 0.0 16.
) 0.001665L 0.347 Q.847 .7 10,
0.C0000G0#++3e54 0654377, 07% §.31¢

03/19/68 PAGE 7T
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TEST 2B8.0 RUN 10

ROTOR SCALE DATA * PROGRAM LA2430 % WIND AXES

Table I -~ &,

Rotor No. 1, V/OR = .35, M{1.0, 90) = .95

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIP SPEED

| 03/19/68 PAGEL3

TINE 846.82

S
m

ok

N

T

.

+

4

FRERHHERPRRROO

a4 B e

.

N

.

W VO W VA O R E R NN O OWW S

— JP

ALPHA  ALPHA
PT. SHAFT CONTROL CLR CXR CYR CHX CHY [1.74 ce CCPO W/OR MuAT
1. ~10.0 ~10.3 ~0.000000 ~0.000000 0.000000 -G.000000 -0.000000 0.000000 0.0011350 0.0011350 0.000 0.T713
2, =10.0 ~10.3 0.000000 0.000000 0.000000 -Q.000000 -0.000000 0.000000 0.0010218 0.0010218 0.714
5, -16.8  -10.3 0.000000 ¢.660000 0.000000 <0.006000 ~0.000000 ~G.o00000  0.0011444 0,0011444 06.000 0.714
4. =~10.0 ~10.2 0.0000080 0.0000G0 Q.000000 —0.000000 -0.000000 0.000000 0.0017257 0.0017257 0.715
5. -—10.0 -10.3  0.000000 0.000060 0.000000 -0,000000 ~0.000000 0.0CQ0000 0.0025385 0.0025385 0.000 0.747
T, ~1f.o  -10.4  G.000000 0,0000006 0.0600000 -0.000000 -0.080090 G.000000 0.00381I12 0.0038112 0.716
Te ~12.0 =15.2 0.023934 0.001967 ~0.000972 ~0.000167 -0.000568 0.003405 0.0030851 0.0023583 0.948
8. ~l2.0 ~16.5 0.040197 0.005603 -0.000893 ~0.000541 ~-0.000704 0.004901 0.0045926 0.0025190 0.351 0.948
TG REELE TS LE T 0.048TYE 0007090 ~0.000668 C0.000860 -0.000766 0.005573 0.0052292 G.0025921 0.9486
10. —-15.,0 -1iT.5 0.008784 -0.000722 -0.001054 -0.000109 ~0.00038¢ {.002349 0.0020440 $.0022918 0.350 0.948
11. =15.0 ~-19.,1 0.024610 0.003490 ~0.001042 -0.000554 -0.000562 0.004067 0.0036510 0.0023864 0.351 0.948
Iz =IELD T ~19.7  0.630797 0.008785 ~0.000619 ~0.000663 ~0.000542  0.004T718 0.0043856 0.0024607 0.352 0.946
13. ~315.0 ~20.2 0.037121 0.007096 -0.,000720 ~0.001002 -0.000621 0.005476 0.0051423 0.00254642 0.353 0.%42
14. =3i2.0 =-13.7 0.007753% -0.001318 -0.001049 0.000083 -0.000501 0.002138 0.0018648 0.0023229 0.351 0.949
B . URI0LG0 VLT U 0L0TTR3E  0.000217 0. 000848 “UL000012 SO 006439 0.0028T8 T 0.0023559  U.G022893 T HIBY G.94%
16. “5,0 “3.7  0.062710 0.002421 -0,001729 0.000130 -0.G00877T 0.004213 €.0038612 0.0027506 0.352 0.948
it ~5.0 ~11.5 0.076562 0.004513 ~0.002254 ~0.000013 -0.000830 0.005617 0.0053103 0.0033419 0.350 0.949
16- =70 BV pL.06237% <0.000711 -0.062381 T 0.000568 <0.000803 0.0029%8 0.0027114 0.D027041 0.947
1%. ~2.0 ~7.5 0.079165 0.000283 ~0.003070 0.000578 -0.000705 0.004019 0.0037632 0.0032504 0,352 0.945
20. -2.0 ~4.% 0.045218 —0.001351 ~0,002061 0.000592 -0.000553 0.002353 0,0021384 0.0024768 0,351 0.947
e, .0 ~7.6  0.058889 <G.003087 <0.007742 ©.600706 =0.000630 §.002012 0.0018369 0.0026923 0.351 0.9%5
22. 0.0 ~hob  0.073448 -0.002651 ~0.003250 0.000789 ~0.000838 0.002670 0.0024273 0.0030013 0.351 0.948
230 $.0  ~6,2 0.088203 -0.001686 ~0.003768 0.000776 ~D.000327 0,003905 0.0036678 0,00375i3 0,353 0,943
YEST 288.0 RUN 9
WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TP SPEED T
ALPHA  ALPHA .
P, SHAFT CONTROL CLR CXR CYR CMX CMY CMZ cr PO MeAT
i7. -5.0 6,7 0.031134 ~0.000297 ~0.001281 (.000228 -D.000600 Q.002520 ©,.0023505 0.0023903 0,350 0.952
18. -5,.0 -7.3 0.039128 0.00039¢ ~0.001436 0.000259 -0.000629 0.002841 0.0026562 0,0024181 0.350 0.952
19. -5.0 -B.0 0.047723 0.000977 ~0.001703 Q.000260 ~0.000724 0.063701 6.003817Y ©.002519% 0.350 0.953
20. 5o 0 -8.8  0.054762 0.001740 -G.001519 0.000139 -0.000879 0.003638 0.0034247 0.0026168 0.952
21. ~7.0 “9.5  0.035794 0.001404 -0.001157 0.000140 ~D.000782 0.003157 0.002978% 0.0024025 0.951
27 ~F.0 ~i1.0 0.052213 0.003468 ~0.001222 -0.000087 -0.000798 0.004248 (0,0040287 0.0026320 0.351 9,857
23. =T«0  -12.7 0.067350 0.005770 -0.001482 ~0.000247 ~-0.000935 0.005531 0.005%3056 0.0029793 0.351 G§.951
24, ~Ta0 -8.3  0.01B210 -0.000447 -0.000932 0.000119 ~0.000618 0.002282 O0.0021117 O0.0022457 0.949
Z25. -F. T 0.009631 -0.001367 ~0.000894 (.00012% -0.000481 0.001992 §.001837%  0.0023117 0,981 0.9%9
26. ~(0.0 —-13.5 0.034463 0.003144 ~0.000529 -0.000209 -0.000585 0.003847 0.0036614 0.0024824 0.350 0.955
27,  ~10.0  ~14.1  0.061936 0,004585 -0,000576 -0.000395 -0.000670 0.006478 0.0042771 0.0025484 0.352 0.952
2B. ~10.0 ~15.0 0.049159 (.006084 ~0.000493 -0.000620 ~0.000690 0.0465135% O.,0045765 0,0026772° 0.35%3 0.952
29. —10.0 ~15.6 0.058559 0.007722 ~0.000939 -0.000748 -0.000684 0C.006082 0.0058661 0.0029206 0.953

.

s b

.

fod

4
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.

grip .

12.

13.

4, T
15.

1L,

16, T
18.
12.
11, 7
16.
17.
18.
19.
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ROTOR SCALE DATA # PROGRAM LA2430 * WIND AXES . 03/19/6B8 PAGE 3

“TIME 845,37 -
Table I ~ 7. Rotor No. 1, V/OR = .35, M(1.0, 90) = 1.00 -
TESY 288.0 RUN 12
WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TP SPEED

ALPHA  ALPHA : 5

PT. SHAFT CONTROL  CLR  CXR CYR  cMx  cHY cHZ. CP . CPO _ V/OR_ MAT A Ogrip
l. -3 .0 ~11.8 0.033323 0.000827 ~0.000727 —0.000219 ~-0.001077 0.004215 0.0039455 0.0035807 0.353 0,99 1.2 15
2e -F.0 -1il.0 0.025396 -0.000811 ~0.000785 0.000069 ~0.001559 0.003927 0.0034541 0.0036952 0.350 1.003 1.1 1k,

3. 1 =9.0 =12.2 0,042084 ¢.001623 -5.000843 -0. 000024 -6.0016%9 G.0051%4  O,0055901 ‘U.004002% 0,352 T 0.998 .9 16. -
4, -9.0 ~13.0 0.049369 0.002692 -0.001037 ~0.000157 ~0.G01827 0.005831 0.0052669 0.0041622 0.350 1.002 .7 17.
5 ~3.0 ~10.0 0.017947 ~0.001739 -0.000718 0.000038 ~0.00135! 0.003414 0.0030550 0.0036407 0.349 1.003 1.2 13.

- TSR - 3 -5.6 0.009032 ~0,002730 ~0.000649 -0.60001% ~0.000928  0.002947  O.0025397 0.0035910 0.351 1.003 1.2 2. °
Te -12.0 —l4.6 0.025147 0.000798 -0.000556 ~0.000371 ~0.001070 0.004279 0.0039233 0.0036021 0.350 1.002 1.2 16.
8. ~12.0 -15.3 0.032855 0,002395 ~0.000609 —-0.000435 ~0.001171 0.005009 0.0046374 0.0037264 0.351 1.003 1.0 17.
TTTTELTT M1EL0 0 FIESY C OLOTTILY CULOG0546 0. 00057 SOLDOUTAE -0 B00H3S ~0.00358% 0.003%207 0.00F4S07  0.349 T.00Z T .0 15.
10. ~12.0 ~13.2 0.010439 -0.001898 ~{.000706 ~0.0001%7 ~0.000647 0.002998 0.0027449 0.0034045 0.351 1.001 1.b 1k,
11. -12.0 -12.5 0.002687% ~0,003202 ~-0.000578 ~0.000086 ~0.000557 0. 002472 0.0022915 0.003464094 0,249 1.003 i.e2 - 13,
120 ~15.0 7 ~17.1° O.UI0894 ~GIO0IJET -0.000536 —0.000487 ~0.000468 0.003271 "B.0U3021% 0.0035611 0351 L1007 1.2 16.
13, ~15.0 ~17.7 0.018403 0.000538 ~0.000664 ~0.000597 ~0.000643 (.004085 0.0037167 0.0035061 0.35 1.005 1.1 17.
14, -15.0 ~18.4 0.026390 0.002529 -0.000558 ~0.000729 -0.000816 0.004939 0.0046215 0.0036B41 0.353 0.999 1.1 . 18.

IS T UEIBLD <1604 ULO0UIUEE SULO003257 ~0.000651 L0.000501 ~6.000352 0.0CZ608 '0002401% 0.0035%58 U351 1.00¢ ik 15,

16, ~l2.0 ~16.0 0.038999 0.003802 ~0.000569 ~D.000645 ~0.001069 0.005695 0.0054233 0.0039863 0.352 1.002 1.0 17.7
i7. ~13.0 -16.8 G.038004 O0.003998 ~0.000693 -0.000687 ~0.001G30 0.005746 0.0054200 0.0039164 0.352 1.000 1.6 18,
I, " ~la.B ~17.8 0.030445 0.003164 -0.000471 -8.000834 ~0.000891 0.005150 0.0048455 6.063675% @881 I.003 7 1.0 . 18.
19. -6.0 ~Ba} 0.041862 ~0.000306 -0.001239 0.000229 -0.001047 0.004123 0.0038953 0.0038879 0.352 0.999 9y 1k,
20, “Hal ~B.9 0.051300 0.000467 ~0.001388 §.000118 ~0.001171 0©.00473% 0.0044717 0.00%61329 0,352 1.000 I I
2%, ~&. 0 -4.7 0.459704 (.001236 -Q. 001691 .0.000101 ~0.001%16 0.005413  U.0056797 00044098 " UUERE IVHE0T .6 16,
22. ~6.0 ~T ot 0,035716 ~0.000961 ~0.001114 (.000122 ~0.000943 0.003733 (.0035176 0.0037708 0.35%1 1.001 .9 13,
23 a ~6.0 —~bo T 0.026919 ~0.001558 ~0.001070 0.000143 -0.000898 0.003338 0.0031455 0.0036451 0.351 0.999 1.0 12,
2é. =6.0 -6a.2 0.018195 —0.002151 ~0.000954 0.000157 ~0.000889 0.003034 0.0028604 0.6035%36  G.351 1.¢0Z 1.¢ 11.
25, -3.0 ~Ha0 0.059447 -0.001873 ~0.002166 0.00053% ~0.001310 0.004080 0.0037743 0.0041984 0.351 1.002 T 1h,
26, -3.0 645 0.067565 -0.001496 ~0.002150 0.000481 ~0.001223 0.004678 0.0043512 0.0045747 0.351 1.001 .5 15,
27. ~3.0 “5.1 0.050920 ~0.00233] ~0.002049 0.000610 -0.001306 0.003678 0.0054094 G.00%0%69 T0.351  [.001 6 13.
28. —3.0 ~d 43 0.043578 ~0.002687 ~0.001780 0.000537 ~0.001225 0.003412 0.0031367 0.0039571 0,352 1.001 .7 12.
29. -=3.0 ~3.7 0.034536 ~0.002878 ~-0.001442 0.000449 -0.001178 C.003158 0Q.002871I1 0.,0038061 0.352 1.001% .8 1.
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ROTOR SCALE DATA * PROGRAM LA2430 # WIND AXES 03/19/68 PAGE 9
T TIME 843037

Table T - 8. Rotor No. 1, V/OR = .35, M(1.0, 9G) = 1,02
TEST 288.0 RUN 15

" WIND AXES CUEFFICIENTS, BASED ON ROTOR BUADE AREA AND RDTGR Ti6 SPEED
ALPHA  ALPHA e+ i
PY. SHAFT CONTROL CLR CXR CYR CHX CHY CHZ R ¢ CPO V/OR My AT Als Cgrip
1. ~12.0 ~15.4 0.033266 0.002486 ~0.000149 —-0.000682 ~0.000636 0.005051 0.0048940 0.0039453 0.35? 1.017 1.1 17.
2. ~12,0  -15.2 0.033456 0.002440 -0.000254 -0.0007i1 -0,000565 0.005221 0,0050280 0.0041001 0.350 1.024 1.0 17.
3. -i2.8 0 ~i4.4  0.027393 CL00101Y -6.000078 -0.00062Z8 ~0.00057% 0.004575 0.0044401 D.0040337 B8.351 1,029 1.1 16.
4 ~12.0 ~13.5  0.019153 ~-0.000654 ~G.000094 -0.000480 -0.000619 0.003890 O0.0037679 0.0039728 0.3%0 1.020 1.2 15.
5. -12.0 -12.8 0.012027 -0.002102 -0,000037 ~0.000441 -0.000679 0.003352 0,0032532 0,0039835 0.352 1.020 1.2 1k,
e. TS890 0 ~10.2  0.027565 -0.000529 ~0.000209 ~0.000366 ~0.000641 0.004066 0.0039589 0.0040952 0.352 1.022 1.1 1k,
Te ~9.0 ~9.6  0.019737 -0.001808 -0.000113 -0.000287 ~0.000752 0.003633 0.0035342 0.0040719 0.351 1.023 1.0 13.
B. ~9.0 ~-11.2 0.034926 0.000655 -0.000228 ~0.000387 ~0.000508 C.004618 0.0044838 0.0041728 0.352 1.020 ~-.9 i5.
9. =5.0 -1Z201 00043378 0.001949 C0.000182 <0.000581 ~0.000592 G.0D5289 TO.0051387 U.004317¢ B.352 1.063% .8 16.
1G. =15.0 -16.7 0.011735 -0.001590 0.000151 ~0.000711 -G.000492 0.003573 0.0034880 0.0040354 0.350 1.026 1.4 16.
1. -15.0  -17.3  0.019647 0.000485 0.000070 -0.000818 -0.000460 0.004332 0.0042214 0.0040258 0.350 1.02¢ 1.2 i7.
12. -15.0 ~18.1 0.026347 0.002357 0.000275 -0.001081 -0.000405 0.004974 0.0048822 0.0040085 0.351 1.023 1.1 18.
13. ~-13.0 ~16.8 0.031172 0.0038643 0.000278 -0.001248 ~0.000586 0.005724 0.0056354 0,0042210 0.351 1.024 1.0 18.8
i4.  -13.0 ~15.9 0.029001 ©.001986 -0.000060 -0.000803 -0.000390 0.005001 0.0048362 0.0040849 0.350 1.023 1.1 iT.
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TEST 288.0
ALPHA
PT. SHAFT
10 —400
2a "'(1‘00
3. - —-.
4a =40
5. -2
6‘. ) —2‘10
Te 2.0
8a ~2.0
TR
10. 0.
3 Q
XESTTTTTT 0.
i3. O.
TESYT 288.0
ALPHA
PT. SHAFT
1= ""'4'0
s —4.0
3. ~4.0
L ""8:0
5. -8.0
6’ ’ :-12‘0
Te ~12.0

RUN 7

ALPHA
CONTROL

-12.2
-13.1
~14.0
~3.3
=5 .0
.""315
~2.0
-9.9

B2 s ¥ e

“Teb
-2.8
R P
“9.7

RUN 5

ALPHA
CONTROL

-8.7
-10.6
-12.5
-15.2
"‘16.:8
"1.?03
~19.4%

ROTOR SCALE DATA *= PROGRAM LA2430 % WIND AXES

Table I - 9.

Rotor Ne. 1, V/OR = .40, M(1.0, 90) = .85

WIND AXES COEFFICIENTS, BASED ON HOTOR BLADE AREA AND ROTOR TIP SPEED

03/19/68 PAGE 7
TIME 846.82

CLR CXR CYR CHX cMY CHZ cP cPo V/OR  M,AT A
: L [ | PO M .
0.076035 0.002944 —-0.002899 0.0060536 ~0.001161 0.004894 0.0046721 0.0031566 0.401 0,845 LT
0.081044 0.004087 -0.002909 0.000369 -0.001344 0.005704 0.0054607 0.0034570 0.396 0.853 .6
0.085398 0.005007 -0,003104 0.000360 -0.001309 0.006660 0.0063572 0.0039386 0.398 0.850 -1.2
-0.001140 -0.002049 ~0.001617 0.000459 ~0.001158 0.001326 0.0012329 0.0020498 0,399 0.849 1.1~
0.043550 -0.001147 -0.002479 0.000723 -0.000340 0.001950 0.0018345 0.0021776 0.396 0,853 .8
0.027i93 ~0.001475 ~0.002198 0.000757 ~0.000144 0.001537 0.,0014878 0.0020319 0.398 O0O.s48 1.0
0.010925 -0.001746 -0.001868 0,000520 ~-0.000159 0.001451 0.0012590 0,.0019500 0.400 0.847 1.1
0.080477 0.001158 ~0.003413 0.000652 -0.000710 0.004190 0.0039995 0.0031603 0,398 0,850 B
O.OBETTE B.007159 <0.003783 UG.800639 —0.000s47 "0.085017 0.0047251 0.0034531 0.398 0.851 30
0.083656 ~0.001384 -0.004335 0.000830 -0.000698 0.003334 0.0031181 0.0032624 0.399 0.848 .3
0.087839 ~0.000399 ~0.004628 0.000848 ~0.000786 0.004182 0.0039876 0.003697%L 0,398 0.849 .2
ToOIIOTE  OL000%SY LT.604958 G.001015 -G 000711 0.005188 "0.0049452 0.0042128 0.398 0.849 0.0
0.071532 ~0.002381 ~0.004007 0.000971 -0.000722 0.002217 0.0020522 0.0027009 0.398 0Q.84% .5
T "HIND AYES COEFFICIENTS. BASED UON ROTOR BLACE AHEA ANO RUYUR TIP SPEED
CLR CXR CYR CMX My CHI ce PO V/OR Mo AT Al
3
0.039962 0.000916 ~0.001126 0.000163 -0.000660 0.002682 0.0025519 0.0020923 0.401 0.852 .9
0.054461 0.002205 ~0.001486 0.000197 -0.000724 0.003519 0,0034048 0.0023582 0.396 0.859 .9
C G.069525 ° (L.003919 ~0.001611 O0.o00{Ub2 ~-0.000767T 0.004812 OL.00465%8 0.00748052 O0LE1T 0.830 .8
0.047449 0.004913 ~0.000205 ~0.000535 -0.000592 ©.004555 0.0045079 0.0024145 0.299 0.6852 1.1
0.058799 0.007126 -0.000214 —-0.000687 -0.000841 0.005803 0.0057593 0.0027279 0.397 ©,857 1.0
0.025729 0.002908 0.000153 ~0.000588 -0.000624 0.003415 0.0034310 0.0023373 0,487 0.5 1.k
0.038319 0.005997 0.000133 ~0.000789 -0.000652 0.005017 0.0049311 0.0024533 0.399% 0.853 1.k

grip

i8.
19.
20.

8.
12.
10.

17.

16.
17.
i8.
ib,

g ..
grip

1k,
16.
18.
18.
20.
18.
20.
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TESTY 288.0 RUN

PT.

.

3.

5a
8.
Ts
S’
‘.9-
10,
il.

12.

13,
i%.

lé.
17.
I8.
i%.
20
21
22
23.
24
25.
26,
27T
28.
2%.
340.
3le
32.
33.

ALPHA
SHAFTY

-3.0
“‘900
-
-%9.0
=12.0

=12.0

~12.0
""3.2&0
-12.0
=12.0
"'1500
“15.0
~15.0
~15.0
=7.T
_7AO
~§.0
~Bo0
-9.0
~3.0
~9.0
~8.0
~7.40
=70
~T.0
—-8.!}
-8.0
~2.0
~“9.0
~9.0
-9.0
“8..0
~B.0

i3

ALPHA
CONTROL

-~12.%
"13‘l
~11.6
~13.9
=14 .6

-15.2"

~16.1
~16.8
=17.7
=139

"'1‘!»1
-1%.1
~13.1
-12-1
~1Zs3
‘"12.1
—i4.1
"15&1
~ibal
~13.8
~12.8
~11.8
-10.8
~12.8

ROTOR SCALE DATA * PROGRAM LA2430 # WIND AXES

Table 1 - 14.

Rotor No. 1, V/OR = .40, (1.0, 90) = .95

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIF SPEED

CLR

0.026799
0.034482
0.019715
G.012847
0.011369
0.0182Z50
0.025255
0.831335
G.03823¢6
6.003491
0.009813
U.UL5745
D.022658
0.001979

U.031850

¢.038698
0.068878
D.0T6147
J.070359
0.078458
0.060821
2.061572
0.068607
0.0602452
0.078066
0.058392
0.053097
0.048024
0.063446
D,.072598
0.082280
0.088077
G.069151

CXR

0.000248
0.001380
~0.000792
-0.001753
-3.001578
~0.000168
2.001360
0.002680

TL.0U3964

~0.003199
-0.001550
0.0000s67
0.00:875
~0.003535

~G.000U9H

0.000707
0.008818
0.009367
0.010038
0.010825
0.008900
0.008165
0.007654
g.007002
0.008292
0.008050
0.008908
0.008864
0.009130
0.008736
0.008238
0.007250
0.008831

CYR

~0.000476
-0.000664
‘00000632
~0.,000612
~0..000292
~0.000298
-0. 000231
-0.000377
~-0.000419
~0.000383
-0.000400
-0.000369
-0.000356
~0.000298
~0. 000798
~0,000805
~0.,000989
~0.001240
-0.001078
~0,001114
~J. 001040
~0.001137
~0,.001374
~0.001329
-0.001473
~0.001354
~3. 001399
-Q.001313
~0.000433
~0.000308
~-0.000331
~3.000288
-0.000780

CHX

6.000015
0.000062
0.000142
G.000167
~Q.000029%
-0.000088
-0.000294%
~3.000302
~T. 0005647
0.000065
-0. 000282
-, 00044%
=0.000616
~0.000125
TUL.000127
0.000029
-0.000472
~0.000553
~0. 000646
=G 000747
-0.000561
~0. 000495
~0. 000317
~3.DO0ZE1
~0.000359
~0.0304501
-0. 000495
~Q0. 000533
~0.000601
-0.000619
-0, 040585
~0.000474
~-0.000531

CHY

~0.000510
-8.000378
~0.000451
~0.,.000265
~0.000289

~0.060302 -

~0.000323
~0.000301

~0. 000726

~0.000448
~Q0.000137
0. 000137
-0.000160
~0.400077
~F. 008559
-0.000632
~0.000410
-0,000322
-0.000306
=0.000350
-G. 000274
~-0.000215
~0.000242
-0, 000224
~0.000386
=0 000145
~5.000140
-~0. 000216
~3.000402
-0, 000508
~0. 000569
~Q=000577
-0 . 000255

03/19/68 PAGE 5

Lhz ce ... tra V/OR  MeAY Ay
0.003153  0.0029692 0.0028278 0.404 0.947 1.4
0.003801 0.0035756 0.0029505 0.404 0.948 1.2
G.002677T "0.0024827 0.0027799 0.403 "0.948 1.4
0.00223% 0.0020720 0.0027713 Q.4046 0.948 1.%
0.002349 0.0022478 0.0028776 0.404 0.947 1.4
T.002997  U.002887T1 "0.00293%58 0.40% 0.948 1.4
0.003587 0.0034642 0.0028801 0.402 0.949 1.2
0.004371 0,0041741 0.0030321 0.405 0,947 1.4

TG.065229 0.004985%5  U.0032769 D.40% U.947 1.2
0.0017L6 0.0016124 0.0029045 0.404 G.944 1.4
0.002576 0.0023729 0.0029920 0.403 0.948 1.5
U.0032%%  0,003087¢ U.0U30RI3 " 0.530Z 0.951 1.5
0.003992 (.0038494 0.0030683 0.401 0.952 1.k
0.001663 0.0015594 0.0029771 0.401 0.950 . 1.4
TELOU3TZE TULTOZBRRE T ULO0ZEAS I TULAYY ULUAY 1.2
0.003640 0.0034714 0.0031002 0.403 0.946 1.1
0004788 0,0045%908 0.0017941 0,271 0.899 1
G.005178 0.0049512 G.00TSZ88 0.270 0.90% .1
0.005169 0.0049530 D.00180657 0.271 0.900 o
0.005673 0.0054274 0.0019662 0.271 0.902 0
0.0U4643 OLO0REIZE ULOULISTIY TOULETY OOULEGD ¢
0.004414 0.00462123 0.0016780 0.27F 0.899 0
0.004458 0.0042673 0.0017745 0.270 0.900 G
0.006072 C.0D387EY  D.00I8TH0 " U.770  O.9071 ¢!
0.004914 0.0046635 0.0018986 0.271 0.898 o}
0.,004618 D.004%192 0.0016665 0.272 0.901 . o
D.004452 0.00425678  T.00I6138 ° §.7717 0,904 . 3
0.004359 0.0041729 0.0015741 G.271 0.902 . .3
0.004719 0.0045097 (.0016916 0.271 0.901 7
U.004857 0.0046241 0.0018%86 0.289 0.908 ¢
0.065049 0.0048281 0.0020242 0.270 ©.902 6
0.005038 0.0D48064 0.0021886 0.269 0.904 5.
U0.004823 00045954 O 0017889 0.772 U.90Z 2

w23

"TYIME 845.37
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R TR SCALE LATA % PROGRAM LA3Z2Y # wIKD AXES I7/91L768 PAGE 5
TINE 935,02

Table I - 11. Rotor No. 2.
TEST 310, <l
44 FT, THOPEREC TIF RCTCR  v/UR = 3 MIL.2(S2) = BT

winl AXES CCEFFICIENTS, HASEG (N RUTOR 3LALE AREA AND RCTICR TLF SPEEL
ALPRA A LPHA

PTe  TFETA  SHAFT CCNTRLL CLy Cx2 CYR CMX chy CrZ cp cea V/ZIR MEL.DV(90} A
8

1. TR <1448 LL%33356 '. 5 54 W 2UIE5 - 300744 =0, 171566 €.I02618  SL.4P37369 ).3327327 9.315  D.871 .2

2. R S13.1 0 L.L174230 7, V18540 L0171 =1, 100269 =L 00830 M. 32133 5. 0022866 L."G175T4 D.318 0.873 .3

3. 1.. -1 . ~lés2 .05 945 . B489 = o3 83 =aen L7591 - 00 TBA . wi25010 30552781 4.70232B2 8.315  0.878

4, 12. =Liat =1704 . 03EBA T, 12123 -~ 000311 =0, 001853 - 0071639 T L,506724 L .J76S3S5  7T.1)27607 0.316 3.874

5. 120 =l..1  =lc.5 . TI2437  1.913746 - .7, 568 SEe..l848 =T.N3076L 0 0.047877 Y875959 1.7932297 D3.318 90.874 .2
e Ydes =130 m20.1 C.L27827 L. li636g ."‘6"5 2111284 = 3,205678  B.31%3826 42787 5.™019922 2.31B 0,87t .5

7. BaT -13, -18.8 . oLl18&" . 1733 .00 718 ~&.,-!sae 1001617 C.G72324  Y.GUZ4L8T  7.9018551 2.318 0.872 .5

8. 12, =13.'  =Z1.5 ..14313. 7. ill32 .;*‘"5= =2.751758 -0.356ET7  L.355655  4,0056767 3.1022824 9.319 0.872 3
o Bse 1307 =150 =22.5  LI57129 54315756 . 10028 ~£.0 2284 =0,3.580F  C.E87670  £.0079621 . 3.7026766 0,319 0.872 .2
13, 10,0 “5.t  ~12.5  .CTT7466  1LUT6AT3 =L 1016l —lu0 CE23 =0 0771 B.035461  t.055846  5.2029232 1.318  §.873 .0
1l. .. =540 =12.3 L, 0e873D FLT L4110 -, v LlB3T =l.u 846 T, 103669 T.205610  1.J05654€  0,9939651 N.317  5.870 _—
TEST 318, wUN 4

44 FT, TAPEREC TIP RCTCR  V/CR = Milad}{93) =

nIND AXES CCEFFICIENTS, BASED [A RGTOR BLALE AREA ANC RGTCR TIP SPEEC

ALPRA  ALPFA i o
PT. THETA  SeafT  COMTHCL L Cxa Cya (W Cry Mz cr cro V/CR M{1.00{90) 4
. s
L. 1., -3 ~l2.53 0 0, aTR2246 JL T 6T25 -0 U LELD ST LT4Y =D, 0L a682 0 L WL5THT 1.0157858  2.7F31134 10326 (0.882
2. Iz.: - ~laLs LR34 LT85 4 -0, Y2034 <2, 100563 ~ L1046 2217364 1,0072771 0 1.7038450 (0.323  2.882
3s 4l -3 -1..1 26134 o7 LanTe = 2131314 «T.1, 359 -3, 11355 e TelT4% 97022602 0.323 2,881
4, Esl -5, -3.7 S 2R935T 0 T. 26T -, i TTAE =T TNTEREL — b, ) a3 S« T19121 1,322 £.881 1
5, 4, -3, ~7.5 . ;25168 e L T2 = UL BST -, i EER -7, .l ©ei916364 $9.322  $.88) -3
. 2. =3, 5.5 P TOECTE =TL 7T - 2102 < LU 0ETS -k 3 L1473 £.322 D.883 .0
7 B . ~3.3 PTT3ATI STTIBATL -1, 02321 L7108 -, 573453285 0.326 0.889 -k
8. . . =Te3 W 234515 -0 GwiF -, Y0243 =T, 0 T 28 -, oI55 30327 D.878 6
2. 1.. . ~5,4 .:9 D N A e 1k B T 3 Tu¥344232 V.324  (.B81
11, 4. . -3.3 sopATEL =%y 7 LELG - .7 1518 -, U132 -, . F.TI17978 9.325 Q.881
it. Z.. . S1a7 L3885 wa, LETI = L 00095F -1 14 -:.7 3431 n.oT1084 LTI1TT7TE :., 1584) 1,325 1.888
i2. . L ~ i eod¥3 T =TT L3 2 —na 1t 35F = 1,70 E2 ~0. Y, 29% (L0NTG68  JL.3EI9ETT 3L.TQLS16T 3.327  L£.880 1
13, -1 . . pR1f2e =007 1433 - L0 4435 =TT 2R e, 281 1, T0GSR 2, nTNG5GY 3,3314866 3.325 0.878
14, - . o7 - 325 = a0 LA - 07T 334 L, 00 HL4A —au 1001 ED 0 1.0 1982 .{T10R13 M.3715564 1,325 0.878
15. PN . ia fLETEET =0 721 <h,132475 210 od T3 = L TINGES -0, 10362 ~TL00T28E3 [.7023872 Y.324 (.879
16. 4. SN 1 o G324 w17 Gd ] - TIIT55 SITTIAT - Y ONSEL L0266 .30 73056 (.327927 0.326 N.879 -.3
17. . 2. lad s 4 2T = T 7 h =7 1913 23 = w0 81y =0.020350 -3.20713061 TL.TDLT8R59 7.325 C.878 .0
ig. -2 S 3. 3025 -0, B3Il o~ 0 {27 e L 02 = a0 1325 = 0.0 TTBT =0 0 57203 TL1016483 10327 0.881

24
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TEST 3172, Uk i
ALPHA
PT. THETA SEAFT
1. G -1 i
2 8.7 -1ia”
,3’,0 -1 _l;‘..
b 1., “1.,
D 12. -1t
B 13.7  =1l...
Ts i3, ~1o4
B. 1z. “13."
Gy 1l.. “L5.5
12, G es ~15.
11, =3 =158,
lds Gl =1
13. 4. =1
14- 1‘_ "3&
15, Za “Dad
16, & -G
17 6. -5,
18. 1z. -5
19. 12. -5,
2% e 8. »
21l. L e
224 €. se
23. 4. .
Zh. 2. .
25. N a
26 e Za
27 PRI 3.
28. 3. Z,
29. 4. J.
3%, 5,4 Da

ALPHA

CUNIRCL

—-11.%
-14,3
"1.‘:4"5_
~16.1
-17.%
-135.7
~E2Z.t
~21.3

~Z.

-G .

1t
L A

Frw 2w =~ o

L A S T TN T )

[V o

H

O g0 WA o T

I

-3 I

[ PSS

wINL AXES COEFFICIENTS,

44 rl.

2632
4

- By L
3

Fa A SRR

T A

X
i

r-x0-$i\|u1(

o
T Mmoo

[ QTS T

N
4

X%
[= 2N
Rl
ASTH O &
[N RS
[« 3

TAPEREL TIP RCTCR

k]

CxR CYR Cox
101033 wIia3e -1,
v, 4273 ,.,b.lEi -l T61
Ti3%64 .IMIM64 —L.20T6e0
16655 EREE A R I -3 |
109745 =0,077162 - ..71384
113183 —;.};'314 -5.% Y1476
VZ167 L1325 -1.072136
17618 aFr 687 -3y 1831
o231l .3 757 =74 111114
TLI286 T.037676 ~D.501485
To5843 10137836 ~U01U014 0
©rL215 ‘.;J%352 -.anarh22
TLZT24 W IUBSE =L .009305
LI¥26Z —.a L7360 ~ia V1122
21322 = 1,277 1ES =L 07
1643wt TE4 = L7002 3
TUATL4 =0t 1TSS = enal4id
ISEE3 =7 1615 - .0006713
8349 -1, =L, 2786
3B = VU 2RBE L. LR
1275 ~ a7 3661 =1, "7y
1577 = W7 0217, Cuiv . 42
JL1STT =7 .01230 =700 e
1547 = W3 832 = .. ., 3E
LG2E - T Lf4%S Ll 25
6557 = o L1825 .7 10733
B55Y =%, 112587 T.0 1184
B973 =i, 2836  .u, 0111
§185 = 07 3777 1.5V
G483 = l04B1E 1.TM363

(TCr 8ChLE

Table I - 12.

LATA

FRLGRAM LAZSZ

Roter No. 2.

v/LR =

.36

CPC

F.A0LE72T

$.7018%52

22029904

S."022669
3.002€317
1.5C3%287
S.7324439
3.0922428

42227677

3.3019559
H.025237

3.2018355

1. 1317E58
3. 3017715
Je721671%
TLN027129
1.73232132

LZ.0928822

Je536164
T.3¥%31338
£.8042522
N.NG23175
1.79192371
3. 2317213
37116656
S eTU18G85

Ce7022742

Y. 3724995
£.7928529
2 TD43187

* B iINLC AXES
M{L.211(92) = .BO
BASZD UN RCTCR BLACE AREA ANE ROTOR TIP SPEEC
CMy CMZ cP
~ 4. 1T1364 T.I71209  r.Lll2286
=led, 1512 G40332411  TLOT3483C
—HaRITB44  0.033228  T.1033354
=T WL TE2. Tewl4TB4 DL9D4ELSE
”1-7’“767 T.036341  1.GLE3762
meil D.248229  D.LEE0931
- i 7EBES  TL.316987¢
- e 4826 MG 157413
- 1.0432515
- 5.331“59 LL0145278
- 1. 3717 "J-Cﬁﬂl?d 3-&:f§?93
—TaRI 446 L aB19225
~ e JiN431 1.81.8577
~*-.;J.327 :-5319517
= LUT1T "aT 11938
ﬂf.i{'SLS TW3T2E382
— T T 14 Gh NL.EN3EET2
-1, 170e1l 3.0054837
“Jed I SE3 TevETIELS
— W 414 L0 {34887
-4 111153 '.Juszees_
- tL PR CeL320565
- el 458 Tavtl4235
— . 00407 adolll82
[ IS IS N | T.EITGERS

“~te 14572 o ~L.t104436
il 063l mo W T30593 1,07 40898
— wa CTLIT e 3U0463 ~5.0703371
-HLIMEB3 -DL.LNUTTY JLEITITT3
~Ye 1448 403014587 2,0015848 &

10

V/0R

9,315

N, 340
2.3690
n.36Q
0.355
0.359
0.360
9.357

J.362

9.361
0.362
8.363
€.369
n.359
7.362
7.362
4.357
2,362
9.363
1.358
n.358
n.358
34358
1,356
1.362
n.359

0.358

3.358
0.357
0.359

1708 PAGE 9
TINE 935.00

¥{1.03(90)

1.871
g.832
8.797
0.798
Q.797
9.820
D.798
G.798
2.794
3,796
0.794
0.795
3.797
8.797
4.791
JI.792
d.891
3.792
.79
T.729
0.75%
0.798
$.798
C.798
2.789
D.798
Q0.798
¢.800
.798

A

95

faad

;—JP-F‘UJW\HO\—Q—Q-JWWNNWWF"M

+

T

o
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04701768 PAGEZ2S
TIME 854.40

ROTOR SCALE DATA * PROGRAM LA3530 % WIND AXES

Table I-12. {(Concluded)

TEST 310.0 RUN 13
44 FT. TAPERED TIP ROTOR V/OR = MIL.0¥(90) =

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIP SPEED
ALPHA

PT. THETA  SHAFT CONTROL  CLR CXR CYR CMX ChY CHMZ cp cPo V/OR M(1.0}190)
i. 0.0 0.0 1.0 0.010839 ~0.001700 -0.000294 -0,000017 ~0.000156 0.000977 0.0009120 0.0015105 0.357 0.801

2. 0.6 2.0 1.0 0.025145 ~0.003071 -0.000796 0.000113 -0.000605 0.000652 0.0005910 0.0016373 0.355 0.804

3. 0.0 4.0 3.0 0.039969 -0.005558 -~0.001162 ©.00001l4 ~G.000450 -0.000006 -0.0000360 0.0018180 0.354 0.806
s 0.0 6.0 5.0 0.056740 -0.010104 ~0.001785 ~0.000095 -0.000703 ~0,001192 -0.0010753 0.0022838 0,355 0,803

5. ~2.0 6.0 5.0 0.028082 ~0.005137 -0.001210 0.000052 ~0.000388 0.000020 -0.0000121 0.0017575 0.355 0.803

6. ~2.0 4.0 3.0 0.015648 -0.003010 ~0.000822 0.000i77 -0.000286 0.000635 0.0005438 0.0015986 0,356 0,803
7. 2.0 4.0 3.0 0.077471 -0.012480 ~0.002996 0.000046 ~0.000873 -0.001225 ~0.0010776 0.0029511 0.357 0.803

8. 2.0 6.0 5.0 0.091362 -0.018321 ~-0.003691 ~0.000060 ~0.001063 -0.,001959 ~0.0017555 0.0041860 0,357 0.803

9. 2.0 2.0 1.0 0.059997 -0,007083 -C.002311 0,000129 ~0.000903 -0.000138 ~0.000084% 0.00218}9 0.356 0.802
10. 2.0 0.0 ~1.0  0.043201 -0.003374 ~0.001509 -0.000007 ~0.000478 0.000722 0.0006671 0.0017378 0.357 0.802
11, 4.0 0.0  -1.0 0.0768%6 ~0.007397 -0.002507 0.000085 -0.000818 0.000446 0.0003979 0.0026024 0.355 0.803
12. 4.0 2.0 1.0 0.091649 ~0.012877 -0.003290 0.000221 -0.001318 -0.000005 0.0000362 0.0040152 0,355 0.804

For the following data points
als and/or bls £ c° * 2°

ALPHA

FT, THETA SHAFT

o
i‘...l
[
o
[
7]

H

G
O
8]
0
~2
-2
2
=
2
2
kL
L

Fd g g

= ﬁ O\Q =1 VD W

NOOMOVEERNOENO
o

T L VU L

W HFE RO IO oW o

CQoCUUOQOoOODODOOO0

2

.

*

.
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TEST

7.
i8.
1%.

2l
22.
239
24
25 .
26 .
27

[ ]
(SRR S
.

]

A
-

i

i

- e - - . . & = - L 3
+
e
£
[+
&

[STR NIV SN ST TN
* ) - - . » L) LI

et BT N B
« & s e

44 Fta

Wikl AXE

CLR

¥
AR Y

*

CIRA

7284

ﬂ,d'u'$
- [Ad
™

+
—
Q:

CLa437
L3448

W

s

[4.¢]
-

L

¥
[0+t I 8]
o
o

oA

¥
LS S
[T

15 CEE X IRV 3N # S o

[s R VTS IR ]

[ RS VIR PN 4 )

[T

A5
.

v 34353
. 155G
CE363E
AT
Helg

L T
RIS o
® L RN o o

L

-4

-4

KO T3

CXR

4 £ % & 3 ® & F 3 W B &4 ® N = 5 4 & . 4o

L T

Table I - 13.

TAPEMEL TIP RCTLR

LY ]

O W 0w e
f
.

PR A e

1 pue ) w= PE RO

et
1S
L
un
]
y

Ut Q6 g e

voel3zr -

LR
[ INAN)
[FE )
-3
(S ¥4}
1

SCALE * WIND AXES

Milesb{9)

CYR

v - -

~od

S CCEFFICLIENTS, BASED (M RLTOR ubLALE AKEA ANC RGIGR. TIP SPEEC

cP

$.0028525
TaL 3395811
Ll 54138
3-4719744

TL0013427
CL.271085¢
5170492
Na0314533
eEL24211

2 £.003781¢

13674573

6 35621433
~T.0407818

- 1.00 4686

l TieNn-2dudl

-3.00175133

2 —ie.illb26Z

=W LSBT 2L
fatTT32%
l.§m22913
4034862

A7/31/768 PAGELL
TINE 935.00

CPo VACR M(1.00(90) A

g3

Z.1822750 2.358  0.903 .2
S.7024877 94356 C.907 .1
00331286 0.357 §,995 A
2.7318377 0.359 0.900 .3
1.7017E83 €,.363 0,893 A
2917731 9.356  3.998 -1
2.2616831 9.357 0.907 .1
7.1329562 1,356 0,907 1

240926348 8.355 ©.906
2.2024366 1.358 0D.904
Ja3D32226 0,357 H.333
+2043830 U.356 0.906
$«V1I2ES3E 0,358 0.902
T+3721733 N.358 0,903
F23F19528 2,357 Q.205

147321338 9,357 7.905 w2
Te7324432 8,358 0.%93

GeT032122 .351  0.9D5 -5
3342195 Y,.356 3,995

Je Y119464 7,356 9,938 W5
.0022443 £.357 £.923 .5
TeT326112 0,356 3.9DT iy
1eJ24181 3,358 0.%03 b
1,703216842 2.358 {5,933 .6
2.002259% 0.356 $.906 .6
23021347 3.358  0.906 ST
TLA919765 D.356 0,995 6
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04/01/68 PAGE3L
TIME B854.40

ROTOR SCALE DATA * PROGRAM LA3530 *= WIND AXES

Table I ~ 14. Rotor No, 2.
TESY 310.0 RUN 16
44 FY. TAPERED TIP ROTOR V/QR = 4O Hil.0)(90) = .93
WIND AXES COEFFICIENTS, BASED ON ROTOR BLAGE AREA AND ROTOR TIP SPEED L N
ALPHA ALPHA e e
PT. THETA SHAFT CONTROL CLR CXR CYR CHX CHY CHe cr CPO V/OR M(1.0)490) Als
1. 6.0 ~5.0 ~9.6 0.033264 0.000880 -0.000562 ~0,000270 ~0.000112 0.002611 0.0023882 O0.0019644 0.403 0.828 .1
2 6.0 5.0 ~3.4 0.085627 ~0.007955 ~0.004783 0.000416 -0.000415 0.001639 0.0014509 0.0041671 0.400 0.828
3. 4.0 5.0 =l«1 0.077941 -0.009243 -0.004298 0.000289 -0.000651 O©.GO0LBL 0.0001584 0.0034824 Q.401 0.829
L3 2.0 5.0 0.9 0.065253 ~0.008990 -0.003287 0.000101 -0.000716 -0.000538 -0,0005005 0.0028421 0.402 Q.829
5a 0.0 5.0 2.9 0.050752 ~-0.,007822 -0.002481 0.000152 -0.000432 ~0.000617 ~0.0005503 0.0024275 0.401 0.828 -
- N “2.0 5.0 4.4 Q0.034677 -0.006290 -0.001983 0.000112 ~0.000537 ~0Q.000302 ~0.0003045 0.0021379 0,400 0.829 -.5
Te 220 7.0 5.9 0.048515 -0,009527 ~0.002722 (.000051 ~0.000433 -0.001271 ~0.0011591 0.0025112 0.401 0.6828 -.6
8. 0.0 T.0 4.2 0.063026 ~0.011335 ~-0.003502 -0.000030 -0.000528 -0.001575 ~0.0014301 0.0028616 Q.401 (¢.828 -7
9. 2.0 0.0 2.5 0.035811 ~G.002685 ~0,001246 0.000114 -0.000282 0.C01021 0.0009319 0.0019232 0.399 0.831
10. 4.0 0.0 ~4.1 0.051287 -0.002630 -0.001867 0.000065 -0.000674 0.001428 0.0012754 0.0021603 0.400 0.830
Ii. 6.0 0.0 ~6.3 0.064734 -0.002315 ~0.002533 0.000083 ~0.000674 0.002136 0.0019315 0.0025932 0.400 0©.830 ~-.2
12. 8.0 G.0 ~844 0.075657 ~0.001243 ~0.003039 0.000081 ~0.000558 0.003502 0.0031032 0.0032394 0.400 Q.829 .0
13. 8.0 ~5.0 ~3l.5 0.049971 0.002350 ~-0,0060919 -0.000482 ~0.000294 0.003661 0.0032982 0.0021984 0.401 0.830 1
14, 10.0 -5.0 ~13.2 0.062628 (.003936 -0.001376 ~0.000705 -0.000621 0.005033 0.0044486 0.0026255 0.400 0.831 1
15. 10.0 ~-15%.0 ~20.2 0.00868B7 ~0.080341 0.000168 ~0.000655 -0.000713 0.002348 0.0021498 0.002281%9 0.401 Q.831 .6
16. 12.0 ~15.0 ~2L+6 0.021605 0.003585 0.000024 -0.001091 -0.000382 0.00%031 0.00368563 G.0022194 0.401 @.830 .7
17« 13.7 ~15.0 -23.3 0.036263 0.007923 -0.000192 ~0.001663 -0.000492 0.006273 0.0055607 0.0022912 0.402 0.830 .6
18. 12.0 ~10.0 ~18.3 0.048055 0.007067 ~0.000307 ~0.001163 ~0.000443 0.005929 0.0052535 0.0022694 0.402 0.829 i
19. 10.0 -10.0 ~l6.6 0.035311 0.004415 -0.000027 ~0.000822 -0.0C0218 0.004347 0.0038960 0.0020523 0.400 {(.830 .5
20. 8.0 -10.0 -15.0 0.022223 0.001870 0©.C00061 -0.000587 ~0.000225 0.003032 0.0027113 0.0019228 .400 0.829 .6
21. EI -5.0 =7.7 0.018561 -0,000366 ~0.000299 -0.000149 ~0.000012 0.001837 0.0016420 0.00L7676 C.402 0.830 .3
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1T1/01 /48 PAGELS
TIVE G35.00

RUTLR SCALE Cats * PREGHRAS LA3H2 % wihD AXES

Table 1 - 15,

Rotor No. 2.

TEST 31... oLN 8
4% FT. TAPEREC TiF RCTCR  V/CR = 4 MEL.YH93) = .9y
wldL AXES CUEFFICIENTS, BASED CN RCTGR BLACE AREA ANC RCTCR TIP SPEEG L o )
ALPEA  ALPRA -
PT.  THETA  SHAFT CONTRGL CLr CXR CYr CrX cMy Cmz cP cpa V/CR MELOM(301 Ay
L. 8. =53.2  =ilvd 51093 Gl 1603 =[50 020 T.0G41631  3.79233364 2.417 0.928 .3
24 L. ~3. 13,1 Ce.82523 7.0 3247 -1, TH1776 - T.7J55TTT  2.3039782 9.498  0.939 .2
3. 12.. =sat =la,7 L CT1a3E 0 T 53152 - 302253 -1, 100 L1958 T 7 beuTLL3% 1.7347169 0,408 0,938 .0
4. [ -5, =5e& L 137655 Su Tk 0 = LT 713 -0 FEAENPSI TaTLBY 31Y37I7. 0 1.TN28259 C.407 0,937 b
5. 4. -5, =Te4 W ZLIsE —ry sl iTo =Ll 3R - ' ; CLUTZEI9E  L.71026356 N.412 D.938 -3
6 4.1 e —4.0 W73 0306 -fL10373% -0,731797 Se3017633 3.7031442 0,411 2.938 .0
7. 647 T =6, L.l0a%'9 -, 3761 - 1,13263¢ TewI27395  7.T039803 Y.41l4  0.934 W1
8. 8. . 8.1 LUTTE65 =T. 2695 ~1,15342S £.9542144  2.7948772 2.413  0.934
N v Jev mhlat ews 281 -l te43 -7.073360) ©.005882E  J.0057487 7.410 90.939
13, 2e" ‘e “Ee2  JaU36537 ~5. 013783 - .01141 T.4313368  2.0228022 0,478 0.94)
1. .2 e —tW5 TLUE2448 -TLTI357 0 -0 664 Te3GL1567  3.0325459 2.407 0,945 -1
12, e 3. 54, 403532 -4 SE17 -7, 2451 mie3-34256  5.,1033539 5,498  0.546 -.2
13, Z. 5. Lol 287755 =3, 10675 =0, 1345 ~¢eUT 2653  L.£039311 $.499 0.944 -k
14. 4. 2. “la b Tals 836 ~0. 11121 - LU 4385 DIMIBBLL J.00495T70 N.437  D.946
L15. TN 54 -3.3 0 35701 =T...9609 =0,104714 L Taw, 252170 0 J.1359719 9.437  0.948
16, B 5. =542 L.3.312 =7, 7788 -t 425¢ D.343823 £.0069852 0,420 0.947
17, Z. 7. .2 LlB4694 = 1.115623 - L1757 -2.8057328  J.7652983 3.417  2.939 -5
TEST 21:.. wLAN S
44 FT. TAFERET TIF RLTCA  V/LR = FELa,d(5") =
wINu AXES CCEFFICIENTS, BASEC (n RCTOR BLACE AREA AND ROTCR TIP SPEEL
ALPFA  SLPHA
PTa  THETA  SkarT  LLATw(L cL Cxi Cyr LV X coy ce CPC V/CR MUL.23(SD) Ay
1. et 7. 4,2 L, erill 13504 = .ok’ L, 3 RBL -0 27114 23, 301447 -0 0014909 L 193767 2.413 0,938
2. “Zy 7. e N 2 —..c T2 L. 4325 - L0011z 1462 ~".7 13211 3.7735743 $.411 9,939
3. Zs i R P B = e ABBI 0 U321 =0, L1894 =N TTTE34 ~0.00 6592 2, 1047063 04419 ).941
4. 4, 7. T N R LT = 7 32Te un U365 —1,4:125% Pe$777395  1.3057822 C.411  0.941
5. Gec o omLll —id.n . . 281 ST hEE =1L T reST ~,000733 T.TI32277 0 L.7037520 9.410 0 9.941 -6
6. I..7. -1l.. 16,1 iRl 0336 W aBlG = WD TITT TeI047757  T.T034884 9.411 3.940 -8
7. 1z, -1 . -17. . 47143 2 A T 13 S T.7T61342 0 1. 2936553 9,411 0,943 -5
. 12.7 -1 . —i3es 4 silal - . TeEBL =T, lale -, 0l l6ES TLGLTE36Z 1.1341796 €.412  0.938 -5
G 13,7 -la. ~&i.v . ELl R L A N T - F LelTE2278 0 1,%235637 2.413 0,937 -8
1. 12, ~1i. ~2i. Lo S P L S 2744523 [.7235%4 0,413 2,936 -@
1i. 1. -1 -15. S22 » llix =~ 1 1l =~ L1151 e 1GRETIZ 0 T.1M32724 "1.413 1.938 1.0
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PT.

SR

2.
-
4.
SI
B - T
Te

B,
lu.
1l.

B S —

i3.
14.
15,
16.
i7.
18,
19.
23,
Rl
22.
23,
2%a.
254
26 .
BT
28.
29.

THETA

RUN 7

ALPFA
SKAFT

~5,

]

-3

1

it
H C e
. - :
LI

LU cai

AL PHA
COATREL
-il.4
-G53
-7.7

~13.4

-i3.1
-16.7
~15.2
-1l6.6

~13.0

_.2’.'_
—23u2

S

~2 1.4
—-&.3
3.4
-l)uB
~f4.3
“Ze?Z
~11.2

44 FT,

RLTCR

Table I - If,

TAFERED TIP RCTL

o wINE AXES CCEFFICIENTS,

Rotor ¥No, 2.

X vy e

BASEC Ch RCTOR BLACE

CLiR CXR CYR CHX

T 4ZST7 1221 -

e 2BSTE g.-¢ﬁ3¢' -

e dl3EN5 -TLAL3 %8 =T

255426  FJ.:i2868 -7

104586 T LT038T72

Te . T354G e ln5947T ’3-192296m“

e d3G226 DL N4457 -

ed28748  .0.12515 DL, ~0.073793
114735 .,!‘)1. -’:;SJ — e 2iE 049 —30,3;‘)346
.¢52335 127295 =T 0L —3011452
T.J25387 G.!iB-LS 7.1)15c4 -J.312581
f.314591 2 ‘J?EBB se 16T ~JWTIBGEL
e 219L > t2eg2 Pa 3 773 -3, 13.3596
i.35?434 —“ DLAGH2 =Y T237 TL.TI2140
e 3O E4RT ‘).) 2333 -1.703045 3.512 45
Lo dTHG3 L =3, 32T ~0,TL 2958 0,041
%3344 ~T,052716 =M 33LT05 0 . 1167
cew22589 -7, 202653 =1.7.1 89 [P Iy 7
Yo FEZETL UL I3 ~0L0 6063 3L.L19223
Lelinlal. —“."915§ T 3272 J.T30211
S ATIEZ wTWT 8165 -0, 0N2523 5,37 1721S
+333195% -7, '6723 =L 1, 10155
S AT3513 =L, 179448 - N 14 124 3,203261
»3871%6 -0, I '897]1 -1.%:4875 J.L¥A25
253,97 =1, 37339 «,1:55]14 Tl ANS 4
W1 347 =7T.0 p324 - .70 3510 }-2‘?&21
#TEIGBZ ~ 112275 =, NI3ST L -3, I37 003
Ta AT 245 — 1 711323 w2270 —2.111151
Tel?2143 -7 13271 -1, 4333 ~4,.02113

45

MIl.53(338) = 77
AREA AND RLCTCR TIP_SPEEL
CHY cMz cp (98 3] V/CR
‘;ﬂ:eq Wed 33451 B,3035271 9.3028664 Q448
UL BLIN2429  1.3025258 TL24721 Q.445
.JJJDIS, SaunlesSs Q.QQLELLQQMJ 0021¢60 Q.444
0231 D.326732 D.CU47417 0.0034208 D.4417
TIV488  JOIUE3TE TW0062B27 H.0042697 D.447
SDeFI1322 N.008264  £.3G81782  2.9052135 G.447
-0.200310 8.495281  G.08%52€70 9.0031542 D.446
~1 230172 DLN03936  2.4039253  2.7027639 D.445
Dad 165 D.322500  0.00U24687  2.0824787 0.444
=« 33828 0.097212 DL.0471837 D.0037747 D.446
~0a009431 T.754761 7.G9508T7Y D.0033365 Q449
~3.050394 _0,233127 _3.8732827 N,3028876 0.443
“:-ﬁ;ﬁaﬁé 3h4J1436 2-&‘159J4 Jn.gzaﬁle J-##T
LA 227 FLTHL8EY 0 T.ET19756  £.3029533 0.448
=1.d12648  G.%503727  £.0031285 0.70290%8 J.448
“N.J51461  0.035063  T.39513279 3.3059691 N.447
~ i 2FIEYA G,.521256  1.¥014%33 AD254038 N.446
-(.T‘ 2€8  D.L0914  TLAD1NE3G ﬁ N322387 D.446
- 31783 J.{56058  I.076M%61 ? 7355645 (.444
—3.135885 =3a313685 -7, 0006992 2331625 D.445
- oai3ii625 #ﬁmﬁ%$7?luf3-ﬁ?ﬁ635ﬁ”m39§6291ﬁ1,9r449
= 2HANE =T LTTEAY9 w30 22553 0.0026581 0.449
~2.?ZJEC& =Ced PG TL.ELU0638 NWID3ISSLE 0.448
=1 d.1457  DLTM1462  2,7715343 0 1,P051759 D.449
e 1247 NL.TI347F 0 1.3U3E347 Z.T064158 D.447
=, «:712BG 3,00 8673 «37156%914  £.0083356 $.447
= 1018%8 ~ T, 021837 —1-36177‘5 Lo23234745 D446
=L TDUTIT =3.201480 ~T 0713659 T UN030814 D.446
-7 L io16T =L 1566 -?.} 14593 5,.%041732 Y.446

SCALT EATA » PRCGRAM LA3530 % wINL AXES

21/D

1/68 PAGEL3
TIFE 935,.0)

M{1.0)(90)

0.769
D.772
0.771
0.773
2.772
B.772
0.771
2.771
BaT7
2.770
0.772
JB.rr
0.771
0.770
9,770
0.772
2.770
0.769
2.768
9.770
3.778
D770
9.710
L8.776
2,773
2.773
0.772
6.771
0.771

A

E ¥
Nownwroouw e

.

.
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TEST 310.0 RUN

P

THETA

8.0
10.0

12.0

6.0
4.0

- -
ﬁ e a
o000

@
Coocofon oo

L]

i
|
i

& B ‘o @

i~C 0000060

12

Ll
- S

13.7
12.0
10.0
13.7
12.0
16.0

12

ALPHA
SHAFY
-5;0
-5.0

i
Poaoo
L] » [ ] L )

OCJClOC:OHDC)O‘DQ

le o o 's o »

o NN

i
-
[=R%RE Y R
Dbfbﬂd

LoCQOR

1
g
(]

“10-0
”1000
"10-0
—-12.0
~12.0
~12.0
~31%.0
~-15.0
-15,0

ALPHA
CONTROL

-12.0
—1‘-0
~15.6
~10.0
~Tal
~Ha2
-4-5
-6.8
-8 .9

~10.9

2.6
.=0.8
0-5
0.5
2.0
-1-5
3.7
“1e8
_410
0.3
2.1

% o0
~1é.8
-15.3
“12.9
-18.3
~2023
~21.5
~20.0
~18.3
-23.3
“2109
~20.4

ROTOR SCALE DATA * PROGRAM LA3530 # WIND AXES

Table I - i7.

44 FT.

CLR CXR

0.042112 0.000632
0.055047 0.001821
0.064233 0.003308
0.030752 -0.000370
0.017345 ~0.001358
0.001750 -0.002306
0.048240 -0.003354
0.060819 -0.003221
0.071453 —0.002525
0.076060 ~0.001221
0.033921 -0.003243

0.020528 -0.003110

6.006242 ~0.002703
0.034T69 ~0,004748
0.019580 -0.,003850
0.048690 -0.005373
0.061234 ~0.005628
0.079080 -0.009620
0.086294 ~0.008614
0.066916 ~0.009601
0.054723 -0.008751
0.039578 ~0.007233
0.027762 G.001798
0.014579 ~0.000450
0.002109 ~0.002465

0.039514
0.050493
0.039784
G.028883
0,016342
8.024399

0.003995
0.006411
0.005450
0.002723
0.000193
0.002945

0.012386 ~0.000433

0.000799

~0.003389

TAPERED TiP ROTOR V/OR =

CYR

~0.000775
~0.001248
~0.001719
~-0.000552
-0.000264
~0.000004
“06001311
~0.002618

~0.003268

~0.0034679
-0.001368
~0.000742
-0,0680535
~0.001552
~0.000923
~G.002278
~0.002973
-0.004812
-0.005320
~-Q.,003912
~0,003071
~0.002374
-G.00C005
0.000120

0.0490143
~0.000298
~0.000692
-0, 000384
-~0.000203
-0.000020

G.00600%0
0.060139
~0.000034

Rotor No. 2.

CMX

-0.000409
~0.000510
~0.000655
~0.000325
-0.000241
-0.000168
-0.000018
0. 000078
Q.000078
0.000024
0.000040
-0.000055
8.000070
0.000054
0.000125
0.000144
0.000234
0.000315
0.000550
0.000179
0.000083
C.000106
~0.000738
-0. 000599
—00000310
~0.000731
-0.001307
-0.,001353
-0.000990
~0,000687
~0.001421
-0.000870
~-0.000384

46

CHy

~0.000512
~0.001084
‘°o°q1216
~0.000427
~0. 000429

~0.000092

~0.000487
-0.000973
—0.000856
~0.001342
~0.0007 37
~0-000643

~0.000366

~0.000597
-0.000586
~0.000717
-0.000992
~G.000831
~3.000985
~0.0060900
~0.000622

M{1.0)(90}) =

CHZ

0.003547
0.004943
0.006596
0.002606
0.001827
0.001216
0.0014323
0.002186

0.003611

0.00545%
0.001049
0.000301
0.001048
0.000400
0.000637
0.000470
0.000918
0.000423
0.002002
-0.000588
~0.000806

-0.000559 ~0.000519

~0.000466
~0.000362
-0.000239
-0.000583
-0.000705
-0.000580
~0.000897
~0.000260
-0.000722
~0.000472
~0.000530

0.004120
0.002723
0.001524
0.005620
0.007347
0.006617
0.004998
0.003369
0.005133
0.003232
0.001681

.86
WEIND AXES COEFFICIENTS, BASED ON RCTOR BLADE AREA AND ROTOR TIP SPEED

cP

0,0035693
0.0049690

0.0066279

0.0026246
0.0018407
.0.0012260

CPG

0,0031800
0.0039595

.8.0048700

0.0027439
0.0024554

00022907

04/01/68 PAGEZ3

TIME 854.40

V/OR Hi1.03(90)

0.462
0.464

0.463

0.462
0.465

02462

0.865

0.862
0.864
0.865
0.863

0.8686

0.0014323
0.0021862
0.0036113
0.0054543

0.0010490
0.6009013
0.0010477
0.0004019
0.0006415
0.0004749
0.0009259

0.0004489

0.0020426

-0.0005697
-0.0007952
~0.0005083
0.0041852
0.0027858
0.0015549
0.0056620
0.0074625
0.0067538
0.0050761
0.0034378
0.0053357
0.003346¢
0.0017230

0.0028566
¢.0034834

,c 0045046

0.0056902
0.0024960

2.0023275

0.462
0.465
0.464

0.465

0.466
0.466

0.865
.86l

0.862
0.

264
0.864

0.863

0.0023029

0.0025496
0.0024077
0.0028610
0.0033336

0.0046117

G.0056678
G.00367648

.0-0031401

0.0027835
0.0033086
0.0029826
0.0026931
0.0037220
0.0043477
0.0041380
0.0037710
0.0033340
0.0039278
2.0035397
0.0032886

0.465
G.466
0486
0.468
0.464
0468
0. 468
Q.468
0.468
0467
0.464
0.463
U.462
0.%64%
0. 464
Oo6b4h
d.463
D463
Q.464
Qa2

0,862
0.861

0,844

0. 858
G.864

0.857

0.857
0.8%56
0.856
0.862
0.6864
0.863
0.863
0.863
0.863
0.8684
0.863
0.864
0.862
0.868

w31
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TEST 310.0 RUN 11
At. PHA

PT. THET A SHAFT
) 9 6.0 “'5.0
2e 8.0 ~5.0
3. 10.0  ~5.0
L 1200 “5.0
5. 13.0 ~5.0
6. 13,0 ~5.0
1. %,.0 “5.0
a,. 2.0 ~5.0
9. 2.0 0.0
10. 4.0 0.0
ii. 4.0 0.0
12, 8.0 __ 0.0
13, 10.0 0.0
14. G.0 0.0
15, =2.0 0.0
i6s 2.0 2.0
i7. 4.0 2.0
18, 0.0 2.0
195 -2:0 200
20. ~2a{ 5.0
2. 0.0 5.0
22+ 2.0 5.0
23. 4.0 5.0
24, 8.0 =100
25. 6.0 =10.0
25& }.(}90 ""10-0
27 2.0 -10.0
28 13.7 -10.0
294 13.7 ~12.0
E_OQ 12.0 =-12.0
314 10.0 "'1200
32. 13.7 -15.0
33. 12-0 "15-0
34. 10-0 "15-0

ALPHA
CONTROL

el

""11 9
~13.9
-15.5
L -1

_iboh

"7;9
-8 0
t TL

~19.8
"18-&
""23 «2
-21.7
-'20'1

44 £fT. TAPERED TIP ROTOR V/OR = 45
WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TiP SPEED

CLR

0.030915
0.045028
0.057773

0.066193

0.066578
0068780
0.017890
0.003947
0.033034
0.048232
0.061352

_ 0.0708648

0.078276
0.019831

 0.005797

0.049290
0.062949
0.034283

T ga.fls937

0.042758
0.047327
0.069948
0.081038
0.017404

0.004177

D.031380
0. 043406
0.047177
0.06056%
0.032481
N.021134
0.029179
0.017472
Q.004897

ROTOR SCALE DATA * PROGRAM LA3530 * WIND AXES

Table I - 18,

CXR

~0,0600277
0.000870
0.002382
0.003740
0,005170
0.004408
~0.001385
~0.002349
-0.00384%

~-0.003731
"0 0503&14
~-0.002788

~0.,001353
-0.003758
~0.003457
~0.006664
-0.006718
-0.005984
~0.005252
~0.009036
-0.010316
-0.011536
~0.031081
0.000041
-0.002296
0.002419
0.004764
g.007281
0.005532
0.003865
0.001315
0.004589
0.001315
-§.002100

CYR

-0.000785
-0.001154
=0.001419
-0.002060
~0.002315

=08.002277 -

-0.000538
-0.000392
~0.001544
-0.802289
~G.002827

~0,003527

~0,003850
~0.001036
~0.000656
-0.002192
-0. 003137
-0,001636
-0.001218
~0.002332
~0.063152
~0.003867
=0 004826
10.000140
0.000035
-0.000009
~0.000195
~0.000340
-0.000079
0.000222
0.000588
0.00Q0666
0.000561

Rotor No. 2.

oM

-0.000140
~0.000266
-0.000533
~0.000575
-0.000673
-0.000691

M{1.0)(90) = .90

CHy

~0.000622
-0.000894
~0.000992
~0.001229

-0.001003

~0.801153

CHZ

G.002660
0.003698

0.005229

0.006724
0.007508
0.007515

-0.000222
~0.000041
0.000090
0. Q00234
0.000073
0,000142

[} 006028

0.000120
0.092029
0.000121
0.000224
0.000042
-0.800710
0.000146
0.000071
0.000096
0.000278
~0.000506
~0.,000257
~0. 000837
~0.001011
~0,002452
~0.001357
~0.001247
-0.000802
~0.001 734
~0.001386
-0.001582

~0.000312
~-0.000435
~0.001066
-1.000822
-0.000961
-0.001227
-0.002037
~0.000854
~0.000729
~0,001323
-0.001308
-0.001262
=0.004135
~0.00L57¢
~0.003754
-0.00183¢9
~0.00L671
~0.000259
-0.000510
-0.000594
~0.000768
~0.002625

0.000287
~0.000466
~0.000745
~0.001043
~0.000729

0.001837
0. 001251
0.001098

0.001493

0.002388

0,003811

0.005775
0.000970
0.00108¢
0.000478
0.001028
0.000485
0.000634%
-0.000595
-0.000770
~0.000577
0.000510
0.002874
0.001631
0.006374
0.005873
0.G67614
0.007029
0.005262
0.003584
0.005508
0.003760
0.002008

cp

'0.0026625
0.0037076

0.0052551

‘0.0067434
0.0075383
0.0075462

04/01/68 PAGE2L

TIHE 854.40

CPO

7 0.0027315 0.443

0.0032047 0.%45
020040013 0,447

0.360

V/0R Mtl.01{90}

0.901
G.897 .

0.,0048323 U.446
0.0049439 0,451
0.0053269 0,442

T 0.899
0.906
0.200

0.0018497
0.0012496
0.0010981%

0.0024400 0.439

0.8022807 0.439
00027372 8,443

0.900
0.898
0.898

'o 0014929
0.0023863
0.0038110

0.0030181 0.444
8.0037850 D.446
00047663 0,443

0.900
0.898

0.897

0.0057746
0.0009703
0.0010803
0.0004817
0.0018352

00004863
0.0006085

-0.0005797
~0.0007607
~0.0005667
0.0005406
0.0029178
0.0016512
0.0044527
50059597

0.0079245
0.0071578 -

0.0054065
0.0037706
0.00576%4%
0.0033904
0.0023486

0.0060210 0.446
0.0026184 0.445
0.0026221 0.447

0.896
0.899
4.89%

0.0033093 0.445
0.0037998 0.443
0.0030953 0447
G.0029382 0.4%6
0.0033647 0.448

0,0037393 0,448

0.00463149 0.447
0.0051259 0.447

0.0028822 0,450

0,0026805 0.449
G.O00323154 0.447
0.00372%96 Q.44%
0.0045279 0.449
0.0046045 C.445
0.0036095 0,450
0.0031525 0.451
0.0036791 0.445
0.003379% 0,452
0.0032939 0.451

0.894

.8-893

0.895%
0,828
0.898
¢.895
0.89%
0.893
G894

0.892
0.895
o.squ
0.895
0.897
0.887

‘0.888

0.897
£.887
0.886

¢
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TEST 317,

RUN 1

" ALPHA
CEMTROL

toue

“~6.8
~9."

w49

~d a8
Y
241
4.1
ek B Y
~13.7
~16.8
-18.5
2 e
—2}.‘5
~1 T4
“15.7
«...13’1
-1..3

..9.,'..‘

~&a.0
~3,7

P |
~Aw

-Z.3

4“4 FT.

JwIRE AXES COEFFICIENTSy BASED UN RETOR BLALCE AREA ANC_ARCTCR

CLR

Fei2ZE6T =3.%02319

TL5242%

Ge2625878B =1
sei38421

25717

”Lgii34.,2a: 2824
~3.7133857

« 251665
T e233291
» 134465
e J45155
P B A1)
12577
139624
Y, 129584
Lel4 251
L3 r22

Y

',}454"&

w3319
e 22359
s P3Z653
Ve 13328
LLeNaT2

REICK

Table I ~ 19.

CXR

TAPEREG TIP RCTCR

CYR

T Lide

-£,752712

) ~7.7365¢
“‘"'}-‘

i1BisS
~ . 322232

—228:33824

—42 112415
=~ Y3198 -
e L3667
3.7 1682
- TV 528
~1a 331625
~le 1V 328
~",tT 23
“la 11178
~3. 7621
- e YR
226 .
2T17s2
1782
1368
17217
1353

2CALE CATA % PRCEGRAM LA353:

Rotor No. 2.

V/CR =

Cw¥X

S EETE
-C,JZIB

-;31218

22220273

~T.0733931

g.ﬂjg T4
R
—1.?}3322
~ L T3H34T
~1.301 044
"“',c- yng
e 1360

L1117

248

R

P WINE AXES

FILLN(3) =

97701768 PAGELY

TiP SPEEL

TIFE 935.00

¥1:33 -2

CrY CMZ Ly crPo V/ER KL11.0)(390)
~LE08537 D.J9Z439 $.0024508 0.7934135 0.514 0O.805
=~1.021374  Q.0C2079  D.Q0207687 0.0043092 0.518 0Q.802

L3268 8.202304  1.0033042  0.0052291 £.519  0.802
=3a:331878 047331393 {.0013932 0.003%628 0,511 0.809
~vednliAd 0.403698  J.0006S7F  0.0Q2709& N.512 0.808
TiedJ2681 -U,{08572 -}.0005522 4.0048861 0.521 0,799
=1.931806 ~0, 000868 -2 .0009431  £.00646640 09,521 D.799
5 ~0.4d30721 -2.0307247  G.0037819 H.512 §.BD9
_%He253326  2,2033167 §.2039878 9,512 Q.834
?.2#44Q9 G.0C44203  D.3045834 0.508 0.811
723547 %.0435527  7.74040631 9.509 2.81D

=, i C-¢36935mm§-4€5“413 558245432 0.509 B.812
—‘aJ'19“9 Tedubbag 2.1951189 8.510 ¢.BD9
=, 1T VT34 U L535526 3. G;Dé583 T.7704893¢ 0.512  0,81)

s4.d71123 0 £.078371 R.455468  J.5047175 24512 C.80%

=303 743 0 L0300 1‘394ﬁ563 10340254 7.513 0.8D8
- e TEl Feii 288 n27897 327736351 3.5140 8.808
. ‘)-3J15§9._f-a?3418uM:-ﬁ 34158 MQL}Q&&EQS 9.512 0.809
=26 131625 QL2457 5.53924422 afﬂ36$42 0.5190 ¢.810
“W."'"?Zq 3,2?1865 Fe201 8394 £332283 D.510 Q.31
1497._1-3?2i5fA 1. G327 BGT_ h3o 152496 0,516  0.811
“5-3 31T CL0717549 0 1.0005495  D.Y038067 0.512  H.8)8
~1a 11868 +u, 1848 L£.0018577  J.0057986 D.511 D.810

B
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TEST 211.:

PT,

THETA

6as
6t
- T

RUN 1

ALPHA
SHAFT

ALPHA
CENTREL

44 FT.

CLR

1.022667 -

Te524272

LeuniBT8
Le38421

Cew 25717

203334

_eT5 1665
Tei33231

Ja 345155
LelLETSE

T 3289770

L+ 135634
te 129564

PR S-SR S

157722
A ln 7.3
e 14 548E
Tau33019
Lx 22859
. 122653
Yo 143328
Tale%472

RCTCR SCALE CATA # PRCGRAM LA3530 % WINC AXES

Table I ~ 19,

EXR

24565
419

L9857 =

“3.]}8956

Y A 34465 -]

2032419
el

TAPEREC TIP RCTCR

HINE AXES CCEFFICIENTS, BASED CN

CYR

-,
~Ta 02712
R, IP365E
*Q.‘Jlafg

CV/CR =

Yo1a46

Rotor No, 2.

T

¥il.

41931 =

K-
RCTOR BLALE AREA AND RCTCR TIP SPEEG

A1/01/768 PAGEL9
TIME 935.00

CMK Cry CMZ o cPo V/CR M{1.0){30)
=7e503715 ~0 600537 0.302409  £.0024008 0.7034135 0.514  0.895
L.078218 ~5.J31374  9.002079  2.0020787 0.0043092 0.518 G.B02
0.232253 =4,321068  0.9933794  1,0533042  5.0052291 0,519 0.802
~2.330078 =3.731278 9 7313583 £,0413932 0.0034628 D.511 0.809
4331218 ~5.521060  3.000698 DLIDDESTE  0.002709%6 D.512 0.808
4 £,£16273 -0.712681 fc £00572 ~5.03805522  0.0048861 0.521 0.799
~2.058911 -3.301806 ~0.{00868 ~7.000542]  .0040640 0.521  0.799
~2. 0 FIT4 =, ~0.30CT21 ~2.,04977247 J.0337819 D.512 0.809
,#.‘h3326 2.9033167  0.003987C 7.512 0.878
594409 3.0044293 9.1045834 0.508 0.6ll
—w.a?feee 173547 %,.0435537  7.,7040631 0.509 0.81)
ﬂ?s»mmapa*3i§§nm2»ﬁy§!4;;m 220245432 0.539 0.812
ww S11956 TV . 16445 0. 30E4T1s  Soruai189 0,510 0.509
L =9.901734 £.335536  1.7£56583  9.3048936 0,512 8.813
LoAedTEE23 §.405371  M.4554686  3.T047275 D.512  0.809
=1.073743 0 D.134%61 . 1949563  5.1740254 1.510  0.808
-tegr TUL 3.3928368  L3T278S7 4. 3336351 1.510 0.808
Jo=3.031545  2.073418  %,00341S8  9.27448905 §.512 0.809
~5e 151625 C.002457 T.T026422 0.£036342 5.510 0.812
=300 729 3.001865  3.9518396  J,0032283 £.510 0.810
m1.001497 04032152 14027637 3.)352496 0,516 0,811
=L 331377 £.L0354% 9.0605495  £.1036267 0.512 0.898
~e171865  G.001848 £,0CIE5T7 0.7057986 1.511 9.810

&
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ROTOR SCALE DATA * PROGRAM LA3530 * WIND AXES 04/01/68 PAGE27
IHE 854.40
Table 1~19, (Concluded)
TEST 310.0 RUN 14
44 FT., TAPERED TIP ROTOR V/OR =, 5] MIL.01(90) =.8]
WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIP SPEED
ALPHA  ALPHA L

#T. THETA  SHAFT CONTROL CLR CXR CYR CHX CHY cMz cp PO V/OR M{1.0)1(90} Alg»
1T 2.0 =240 4.0 0.015670 ~0.002709 ~0.000687. -0.000076 ~0.000283 0.001275 0.0012825 0.0026617 0.514 0.805 .3

2. 2.0 -2.0 ~3.0 0.026319 ~0.003368 -0.000901 ~0.000069 -0.000609 ©0.001129 0.0011118 0.0028206 0.517 0.803 .2
3. 2.0 0.0 _ ~=1.06 0.048181 -0,006329 -0.001738 -0.000017 ~0,001039 0.000157 0.0002447 0.0033858 0.51%4 0.805 .2

be 2.0 2.0 1.0 0.076086 -0.012657 -0.002878 0.000059 -0.0012%0 ~0.001070 -0.0009358 0.0052405 0.5iB Q.799 .

Se 0.0 0.0 ~1.0 0.016944 -0.003288 -0.00072¢ ~0.000041 ~0.000148 0.000999 $.0009423 0.0026076 0.511 (Q.80%

b 0.0 2.0 1.0 0.038727 ~0.006067 -0.001637 -0.000120 -0,000629 0,000078 0.0001221 0.0031617 0.513 0,805
7. 0.5 4.0 3.0  0.06257¢ -0.0L1672 ~0.002527 -0.000223 ~0.001235 -0.001653 ~0.0014673 0,0043300 ¢.513 0.605
8. 0.0 6.0 5.0 0.085738 ~0.018666 -~0.003391 -G.000281 ~0,.001471 -0.003029 ~0.0026958 0.0065811 0.515 0.805
B 2.0 6.0 5.0 0.05083% -0.010246 -0.002825 -0.000192 -0.000564 -0.001529 ~0.0013806 Q.0037603 0,514 0.604

i0. ~2.0 4.0 3.0 0.02858% ~0.005644 -0.001678 ~D.000077 ~0.000571 0.000122 0.0001206 ©.0029580 0.510 0.809

1. 4.0 0.0 ~1.0 0.087023 -0.012557 -0.003416 0.000492 -0.0014688 ©.00025% 0.0003019 0.0063242 0.510 0Q.806
12, 4,8 =2.0  ~3.0 0,066455 -0.007678 ~0.002664 0.000053 -0.001630 0.000649 0.0006426 0.0043658 0-513 0.804

i3, 4.0 -4,0 L5007 0.041972 -0.08237% -0,001503 -0.000091 -0.000751 0.001491 0.001369¢ 0.003025%5 0.510 0.8508

For the following data peoints
ay and/or o1, #£ 00 + .20
s x

ATPHA

PT. THETA SHAFT a1 bls .
1 2 -2 0 0
2 2 -2 ES o]
3 2 ¢ 2.9 0
I 2 2 4.8 0
5 0 o] o} )
& 0 2 1.4 0
7 0 L 2.9 0
8 o] & 4.3 Q
g -2 & .8 0
10 -2 h -7 o]
11 L 0 6.7 0
12 L 2 5.3 o)
13 L -k 3.4 ]
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04/701/68 PAGE2S

ROTOR SCALE DATA # PROGRAM LA3530 = WIND AXES

TINE 6854.40
Table I ~ 20, Rotor No. 2.
TEST 310.0 RUN 15
44 FT. TAPERED TIP ROTOR VAR = 52 M{1.03(S0) = .81
L WiIND AXES COEFFICIENTS, BASED ON ROTOR BLAOE AREA ANKD ROTOR TIP SPEED
ALPHA ALPHA
PT. THETA SHAFY CONTROL CLR CXR CYR CHX CHY CHZ cp PO Y/0R HL1.0)¢90)
1o 6.0 ~5.0 -10.1 0.023890C -0.001968 ~-0.000595 -0.000408 ~0.000715 O©0.002442 0.0022069 0.0032143 0.526 0.811
Za 8.0 ~5.0 —12.0 0.036611 -0.001253 ~0.001154 ~0.000312 ~-0.001052 0.00329C 0.0029701 0.00355%6 0.522 0.814 .
3. 10.0 ~5.0  ~14.1 0.047761 -0.000502 ~0.001646 ~0.000465 -0.001049 0.004600 0.0040518 0.0042038 0.523 Q.812
L™ 12.0 ~5.0 ~15.8 0.055%655 Q.000587 -0.002035 -0.000669 -0.001370 0.005998 0.0053004 0.0048435 D.522 0.642
5. 12.9 1.0 -17.0 0.04638C¢ (.000987 ~0.001258 -G.000707 -0.000993 '0.005675 0.0049301 0.0043093 0.5%24 G.810
,,,,,, & 12.0 —~10.,0 -18.6_ 0.0303060 0.008467 ~0.000419 -0.000933 -D.0Q0729 O0.004777_ 0.0041751 ©.00388868 0,322 _B.811
s 10.0 =0 ~15.3 0.037174 0.000003 -0.000904 ~0.000544 ~0.000655 0.006331 0.0037786 0.00370698 0.521 0.811
8, 8.0 ~T.0 ~13.3 Q.026670 ~0.001163 -0.000735 ~0.000757 -0.000810 0.003183 0.0028128 . 0033849 G.521 0.410
%o BaG 0.0 9.3 0.064825 -0.003386 ~0,003196 ~6.000070 ~0.001430 0.003407 0.0030012 0.0045620 $.521 0,809
10. 4.0 9.4 ~7-1 0.055322 -0.004117 ~0.00279% -0.000056 ~0.00L243 0.002016 $.0018455 Q.0038420 D.521 0©.814
11. 4.0 0.0 ~4%.9 0.044657 -0.0040084 -0.002104 ~0.000051 ~0.000709 G.0013%4 O0.0012806 0.0033063 0.524 0.80%
2. 2.0 80 -2.9 0.032304 ~0.003744 -0.0Q1l44]) ~0.00Q026 -0.000600 0.001047 0.0009530 0.0028641 0.524 0.809
13. 2.0 2.0 ~1.6 0.046001 -0.005610 -0.002286 ©€.000028 -0.000686 0.000484 0.0004264 §.0032517 §$.522 0.812 i
14 6.0 2.0 0.2 0.033584 -0.005049 ~0.001713 D.000075 ~-0.00059% 0.000430 0.0003959 £.0029725 0.521 0Q.811 ;
15. _ 0.0 5.0 2.0 0.053466 -~0.008962 -0.003315 -0.000010 -0.000626 -0.000948 -0.0007831 0.0037155 0.518 Q.8914
16, 0.0 T.0 3.2 0.06754T -0.012421 ~0.004557 ~0.000104 ~0.000851 ~0.001932 ~0.0016774 0.0045585 0.520 0.810 7
17. 2.0 5.0 0.2 0.063885 -0.009539 -0.004078 -0.000032 -0.000820 ~0,.000716 -Q.0005722 0Q.0041648 0.518 O.81% }
18. 4.0 5.0  =2.1 0.075076 -0.009704 -0.005293 0.000311 -0.001029 0,000316 0.0002781 0.0050921 0,524 0,807 _ |
19. 4.0 2.0 -3.7 0.055160 -0.005478 -0.00313% -0.000091 ~0.000802 0.001007 0.0002034 Q.0036444 0.527 Q.80% "w{
20, 6.0 2.0 5.9 §.065907 -0.005580 ~0.Q03932 0.000256 ~0.001247 0.001926 0.0017418 0.0044419 0.522 0.810 i
2%t 6.0 -3.0 8.8 {0.038569 ~0.002215 —-0.001499 —0.,000058 ~0.000776 0Q.C02470 0.0G021692 0.0032504 0.52]1 0.809 ”“J
220 &.0 ~3.0 =5.8 0.023216 -0.004019 -0.134523 G.189577 -0.002960 Q.05159) 0.0016847 0.0037697 0.526 0.804 !
23, 8.0 -3,0 ~10.9 0G.049530 -0.001816 ~C.002005 —-0.000143 -0.001167 0.003293 0.0029619 0.0037843 0.519% (.813
24, 10.0  -3.0 ~12.8 0.056892 -0.001078 -0.002600 ~0.000176 -0.001599 0.004672 0.0040871 0.0044885 0.519 0.812

g
']

t
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04701768 PAGE 3
TIME 785.85

ROTOR SCALE DATA + PROGRAM LA3S3C ¥ WIND AXES

Table £ -~ 21. Rotor No. 3.
TEST 3310.0 REN 39
34 FT. 0012 ROTOR VIBR & 5/ Mi1a0)(90} 2 .43
YIND BXES COBGFIC{ENTS, BASED BN ROTOR BLADE AREA AND ROTOR TIP SPEBD
ALPHA  ALPHA ‘
RY.  THETS  SHAFI COMTROL Cir CXR CYR e} CHY CHL cP CPO. . V/OR M(1.0)(90)
1. 8.0 - ~946 0.0486128 ~0.002715 ~0.002206 -8.008210 9.0064563 0.0023015 0.0028436 0.0040947 0.511 0.648
2e .0 ~2.0 =31l3B (.058642 -0.002633 ~0.002827 ~0.009117 0.006%G2 0.003963 Q0037217 0.0048651 0.512 D.647
3, 6.0 ~2:0 —748 0.037260 ~0,002936 ~0-002568 ©.001134 0.006751 O0.002707 0.0022558 0.0036767 0.514 0,644
&, 4.8 ~2.0 ~548 Q-0234637 -0L002850 -B.G01259 -D.008291 0.004514 0.001788 ¢.0017716 0.0031824 0.508 0.643
Ba B8 =220 =347  8.012685 ~0.002122 ~0.000658 9.0008766 90.007035 0.001333 0.0013811 0,.0029683 0.512 0,644
N 8.9 =250 =240  0.000790 -0.002366 ~0.000252 -0,008120 0.006589 0.001123 0.00516443 0.0028651 0.511 0.644
Te B0 2.0 0.7 0.023335 -0.004688 -0.0023560 ©.001438 0.006673 0.001103 0.0006763 0.00302935 0.512 §.641
8. 20 2,0 =142 0.03809% -0.005268 -0.002182 -0,000029 0.008361 0.000920 0.0006716 0.0032641 0,508 0.642 )
9, %D FI% ] =343 0.048393 -0.005751 ~0.002036 0.000347 0©.006589 0.001220 0.0010761 0.0038726 0.512 0,641
0. BB 2.0 =545 0.058285 ~0.005364 ~0.002638 0.008243 0.005049 0.001762 0.0016368 0.0046663% 0.511 G.440
3le _ B.B __2:0 “¥42  0.060211 -~0.00644) -0.004321 0.000155 ©.005222 0.002674 0.0024352 0.0094269 0.521 0,604
12. 18.5 260 =848 0.078962 ~0.008637 -D.005278 0.000%68 0.004484 0.004177 4.002719% 00067122 D.511 0.429
12. 19.8 Ou8 ~1047 O0.0680495 ~§u004487 ~0.003828 0008121 0.005080 0.004068 O.0D03688F 0.0655%34 s.ﬁﬁ TS
14, 12e0 =238 1547 0.068407 ~0.002604 ~0.003666 -0,608328 0.005353 0.005722 0.005L166 0.0058353 0,509 0.841
15, 12.0 =430 ~1448 0.0%6992 -0.000884 -5.002757 ~9.0003%9% 0.005471 0.006833 0.0049261 0.0051658 0.507 0.643
18, 10.4 ~4ff ~312J7 0.04%839 ~0.001340 ~0.002082 -6.008301 (.095905 0.005283 @.003B06% 0.0043643 0.%12 0.630
17s .0 4,0 «;Ia;w_e 0358628 ~0L001771 ~0.001315 -8.000294 0.005875 0.002276 ©.6029004 0.0038068 0.510 0.641
18, 5.0 g0 ~9.1 0J025109 ~0.002186 ~0.004145 ©.008013 0.006067 0.002555 Q.0022832 0.0033298 0.509 0.438
1% 5wl ~4,0 =752 D.GL2107 -0.002654 -D.UO0565 ~0.000395 (.006091 0.0017%4 Q.0017114 C.D030488.0.507 0.639
20. B8 =530 ~1049 0.013714 ~01002425 -0.00045% 82000327 0.005962 .002109 0.00202%8 0.003249% 0.507 0.4639
21 8.0 ~8sl ~12.1  0.025289 -0.001573 -D.000874 -0.008402 0.00%429 0.003075 ¢.0078311 0.00735893 G.508 0.639
2. 140.0 ~fafl =Ll3.8 0.03%12] ~0.000881 -Q.001108 -0.000448 Q.005533 0.004087 G.0037397 000061153 0.511 0.638
2ds 14,9 =60 ~15.8 G,067425 0.800117 ~0.001865 -0.000852 0,005280 0.005531 - 0.0050262 0.0048217 0.510 0.862317
24, 16.0 “8a0 ~E7.8 C.0815FE 0.0013%58 “D.00193% -8.001050 g.00%154 0.007227 H.006cads O BO5TRSE B.511 §.837
25. B0 o 85 0.058982 ~0.004081 -G.003142 0.000168 0.005772 0.002922 0.0026991 0.0045754 0.5311 0.837
28s . 6.0 2.0 ~6s7  §.046701 ~0.003978 -0.002521 0.008051 0.006070 0.002210 0.0020543 0.0039432 0.3510 £.437
z7. %0 f.8 ~%,7 0.035182 ~0.003859 -D.00I9E7 ~0,008198 §.005982 0.00182% 9.00149594 B.0033797F D.518 G.637
2B 2.0 .0 ~2e5 0o0261%1 -0.003805 -0.001369 ~£.008088 0.006094 0.0031162 0.0010876 0.0029850 §.510 0.637
29, ¢.0 0.0 ~345 0.012107 ~0.083608 ~0.00677% ~0.000070 0.0061%4 0.001623 0.0009986 0.0025209 0,508 0.538
30, G.0 450 2.0 0:-036310 -0.007106 -D.G02292 ©6.008098 0,.005563 0.000024 U.0000400 0.0035655 0,568 0.638
21. 0.0 650 321 0046480 ~0.009814 -0.003002 ~.008195% 0,.0055851 -0.000824 ~0.00088463 0.0042112 G.513 0.637
32, 2.0 6.0 13 0.058647 ~0.010736 -0.003858 0.009105 0.806239 ~0.000800 -0.0006855 0.0046832 0.513 0.637
33, 2.0 4.8 0:1 D.047105 -0.007965 ~0.002756 ~0i000107 0.005517F 0.000187 ©.08012071  0.0020490 0.531 o.839
34, & .0 4.0 ~241 D.05%128 -0.008394 ~(7,0034887 -9.008014 O0.006060 C.000828 0.0004412 C.0045126 0.517 0.639
35, %40 £20 =09  0.0689583 ~0.010935 -0.004547  0.00029% 0.005817 0.000835 0.0000398 0.0053060 0,518 0.641
36 6.0 &.0 =259 0.080700 ~0.01176& -0.005350 @.000193 (.0057i4 0O.000999 0.00UB493 D.Q0B6465T D.514 0.5637
37. 5.0 450 ~4.2 0.070018 ~C.008894 -~0.006576 0.000119 Q005874 U.001524 0.0013347 0.0055917 0.514& D.637
38. &40 8.0 =147 ©.092874 -Cu015077 -0.006294 0.006569 0.005636 0.8005%8 0.0005257 0.0077084 0.513 0.437
39. a0 8.0 0.2 0.083009 -0.014777 ~0.005358 0.000177 $.005779 -0.0006%92 ~0.0006075 0.0064895 0.510 0,635
49, FAR 10.0 1«5 Q.095267 ~0.0168854 ~0.006016 8.000059 Q.0057T75 ~0.0015L5 ~0.00L1745 0.0078669 G.510 O.635

&

7]

D RS
WMIEFOOoOQO

37


Dow
Text Box
37


ROTOR SCALE DATA * PROGRAM LA3530 * WIND AXES 04/04/68 PAGE 7
TIHE 818.73

Table I-21. (Coneluded)
TEST 310.0 HRUN 24
3% FT. 0012 ROTOR YV/0R = .51 MIL.00(90) = g3

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND ROTOR TIP SPEED
AL PHA ALPHA

PT.  THETA  SHAFT CONTROY CLR CAR 8 £ Chx cuy o H ce cep ¥/0R #{1.01{90)

(36. 2,0 7 =407 7.2 70.002667 726.003105 ~0.00072% ~0,000249 0. 006948 ~0.001406  0.0012160 0, 0027634 0,505 06T
a7, 4.0 “6 .0 ~8.6 0.003011 -0.003077 ~0.000607 ~0.000283 0.004956 0.001504 0.0013768 0.0029309 0.505 0.623
38. 6.0 10.0 ~0.5 0.101994 -0.019034 ~0.005766 0,000315 0.003558 0.000092 0.0002915 0.0091958 0.503 0.623
39. 8.9 8.0 ~3.6 0.097067 ~0.014866 ~0.004902 0.000519 0.004210 0.002036 D0.0017908 0,.008679% 0.505 0.623
40. 8.0 6.0 ~4.8 0.087236 -0.011638 ~0.004895 0.000543 0.004307 D.002198 0.0018743 0.0072623 0.505 0.623
41, 8.0 4.0 ~6.1 0,080137 ~0.009377 -0.004952 0.000186 0.004033 0.002365 0.0019577 0.0062838 0.506 0.624
42. 10.0 4.0 =7.5 0.087047 ~0.008878 -0.004439 0.000536 0.004201 0.003950 0.0033742 0.0073812 0.507 0.624
43. 12.0 0.0

-12.1 0.078?39 —0.003302 -0.003746 0.00069% D.003520 0.00584% 0.0051221 0.0063816 D.50% 0.523

For the following data points
ay, &nd/or by F 0% + .20

e - ALPHA
. THETA SHAFT b
t FT alS ls
39 8 8 0 T
%0 8 6 0 A
Lo 10 4 o .6
L3 i2 0 o N

NRNOOHO I
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ROTOR SCALE DATA % PROGRAM LA3IS530 #= WINMD AXES §4/01768 PAGEILL
TIME 185.85

Table I -~ 22. Rotor Ne. 3.

_JEST 310.0 RUN 23
34 FY. Q012 RGTOR VEQR & &% M{1.00.{90) = .54

WIND AXES COEFFICIENTS, BASED ON ROTOR BLADE AREA AND RGTOR TIP SPEED
ALPHA ALPHA

8T, THETA _ SHAFT LCONTROL _ CiR EXR_ . C¥R CMx ny cuz - cp CPO  _ V/OR HE1.0)(90)
1. 0.0 0s0 “0s9 0.010147 ~0.00%¢85 ~0.001182 -0.008035 0.009854 ©.001220 0.0011998 0.0044359 0.650 0.5%40
s DD . 2.0 . ~0.0 0.0226483 -0.006042 -0.001985 ~0,008114 0.010279 0.000835 0.0007986 0.0047150 0.652 0,541
3. 0.0 4,40 0.9 0.037459 -0.008408 -0.002577 ~6.808581 ©.010399 0.000067 0.0001331 0.0055556 0.653 0.542
4, 0.0 4.0 240 0.047077 ~0.C10030 ~0.008570 -8.008573 0.010700 -0.000884 —-0.0006656 0.0857831 0.656¢ 0.542
5, 0.0 720 24%  0.051923 ~0.012493 -D.00%197 -0.000875 ©.007985 ~0.001327 ~0.0010846 0.0009161 9.650 0.540
B 8.0 8,0 340 0.0604%3 ~0.014482 -0.0D4884 ~G:008333 0.007609 -0.002008 -0.0015968 0.0075118 0.6%9 0,540
7 0.0 1Y) 1.6 0.040322 ~0.009311 -0.003115% ~0-008557 0.008926 ~0.000149 -0.80024661 0.0057073 0.650 0.541
B. 2,0 5.0 _ =04B  0.0486860 -0.010%44 ~0.003810 -0,000883% 0.008776 0.000089 -Q.0001345  0.0063825 0.6353  0.539
ER 2.0 60 =0+2  0.050686 —0.010776 ~0.004735 -0.000355 0.008947 ~0.0003587 -0.0803992 0.006%731 0,658 0,540
10. g0 Tall 0:1 0.056586 ~0.012295 ~0.005338 -0.008522 0.008260 -0.000987 -0.0007984 0.0670266 0,650 0,540
il, 2.0 818 0.6 0.0653%7 ~0.01%4536 ~0.005516 -0.000472 0.007830 -0.001868 ~0.0013306 0.0078928 0.649 0.540
12 2.0 %o ~Tih 0.042469 ~0,009225 0003465 -0.000315 0.008659 0.000429 0.0002661 0.0861742 0.650 0.541
13. 2.0 2.0 ~2:3 0.029816 ~0.007067 ~0.002813 0,000059 0.008281 0.001001 0.0009315 0.0054820 0.650 (.541
L4s 2.0 Q-4 =3s2 _9.0175T% -0.005761 -0.0016%5 ~0.000500 0.008892 0.001333 ¢.0013308 0.0050657 0.651 0.541
15. 2.0 ~2:8 =442 0.008193 -0.006309 ~0.001097 -0.60814% 0.008906 0.001407 0.0014637 0.0049089 0.645 0.540
16, %0 2.0 =645 0.015%088 ~0,005552 ~0.001745 -0.000140 0.008630 0.001794 €.0017299 0.0053166 0.650 0.541
1Fa. . %8 4,0 =745 0.004087 -0.005402 -0.000647 -0.00060% 0.008830 C.001679 G0.0016142 00051498 0.5655 0,539
18« B.0 aud 15.7 0.024088 -0.006170 ~0.002373 -~0.000230 0.0089%81 0.001728 0.00161%1 0.0056222 9.654 0.539
19, %ol 2.0 ~4,5 D.O3T528 ~0.007674 ~0.003885 0.008226 0.008861 0.001297 $.0010760 0.0060227 G.654 D.939
L2B. 5.0 228 ~%.1 Q.0%416) -0.008722 -0.004132 0.000203 0.009377 0.001148 £.0008071 0.0064174 0,654 0,539
z1. % .0 4,0 ~3¢8 0.050881 ~8.009872 -0.004709 $.008015 0.008952 0.000Y97 0.0005380 0.0068627 0.654 D.539
22 4.0 5.0 ~3.1 0.053978 ~0.010619 -6.005235 0.000309 Q.009715 0.008575 O©.0004035 0.00871963 0.653 0.539
3. 4.0 628 ~2:5  0.858981 -0.014881 -0.005619 ~0.000188 0.009287 Q.000207 -0.000E347 0.0074617 G.654 0.538
24 Ao 7.0 ~2:0 0.066281 ~0.014205 -0.005063 -0.000246 0.008313 ~0.000546 ~0.B006737 0.008396F 0.654 0.538
25, 4,0 8.0 ~1s5 0=071390 ~0.015049 -0.008685 0.000328 0.007480 -0.0004595 -0.0008084 0.0087688 $.653 0.538
26, [ 730 ~34% (.072951 -0.01444T ~0.006615 -D.008036 0.008697 0.000887 €.0004042 0.0095789 0.694 0.%38
27, £.0 8s0 ~3,5 0.077654 -0.015319 ~U.006134 0.000156 0.009455 G.000344 0.000869% 0.0093827 0,654 0.538
28. 6.0 6.0 ~445 0,004725 ~0=012742 -0.008552 0.000043 0.007916 0.000752 0.0004042 0.0085295 0.565% (.538
23« 5.0 4a8 ~548  0.055625 ~0-Q10494 -0.005583 0,000277 0.008272 0.001413 0.000943%4 0.0076794 0.657 0.53%
3D 5.0 2.0 ~6et 0.062896 -0.008218 -0.002556 0.008773 0,.008431 0.001929 O0.0014621 0.00sa7824 0.654 D.%38
31, B0 G0 ~7¢6 0.032Y87 ~0.008727 ~0.003426 0.008250 0.009060 0.001974 0.0018864 D.0062350 0.65¢ 0,538
32. 6.0 ~250 «§47 Q4021724 ~0-006038 —0.Q02208 —-0.000267 0.009245 0.002103 0.0018864 ©.005811F D.o86% ©.538
33. 6.0 ~4,0 9.5 0.008660 ~0,005405 ~0.001188 -0L00Q118 0.009395 0.,001923 0.0018897 0.0054209 0.654 0.538
34, 8.0 ~430 ~1l.6 0Q.0L5060 -0.005794 -0.001297 —0.009852 0.009294 0.00245¢ 0.0024297 0.0062082 0.655 0.538
38, _ B0  __m8.0 _ =12.6_ 0.007338 ~0.008192 -0.001012 9.5%49288 0.009290 0.008172 Q.0018898 0,005%9403 0.655 0.538
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BOTOR SCALE DAYA © eADERAE L3530 o wIND ARES 1Y 3
TIHE 783.05
Table I-22. (Concluded)
TESY 31Q.0 RN 23
34 FT. 0012 ROTOR VIOR ® .53 #41.02190) a2 54
WIND AXES COBSFICIEMTS, BASED ON RUTOR BLADE AREA AMD AOTOR TiP SPEED
ALBHA ALPHA
PT.  THETA  SMAFT GCONTROL = CLR . CXR = gYR CHY cmy LT S < 2 JGPG. . V/OR MlL.0)(90)
B.0 ~2.0 ~1047 0.02780% -0.005252 —0.002432 ~6.000117 0.009607 0.002527 0.0074298 0.0065857 0.685 0.538
8.0 0.0 =9¢7 0.039534% -0.008920 ~0.003765 0000290 0.609177 0.002524 0.0022947 0-0067517 0.654 0.538
B2 . 2p0 =847 0.04923% -0.008323 -0.004949 0,000818  0,008972 0.00%526 Q.0020248 0.p072516 0.6%5 0.538
8.0 430 =745 0.06195% -0.010735 ~0.005614 0.008437 0.008481 0.002086 0.0017547 0.0085816 0.654¢ 0.538
8.0 850 =640 0.074285 ~0.012998 -0.005741 0.009472 0.00769¢ 6.001984 0.0017548 0.0105362 0.654 . 0§.338
8.0 820 4440 0.099589 -0.021385 -0,006365 03008627 0.00571% O.002073 0,0018898 0.0132902 0:655 0.938
4z. i5.0 &0 648 ©.i08%82 -0.021674 -0.D06249% 0.0801195 ¢0.004183 40063141 0«@@36&&2 00172960 0653 0,530
B3 10.0 450 =840 C.080400 -0.014919 -0.008284 0.00€575 0.005463 0.008596 0.0931186¢ 0.0125999 0.657 G.538
Bi, 10.0 2:8  ~3040 0.058682 ~0.0101%9 ~0.005109 6.008501 0.008090 0.002206 0.0028485 0.0093426 0.657 (.539
48, ig.0 0.0 ~ile3 0.04%5iF -0.008054 -0.004379 0i000743 ©.008408 0.003279 0.0029750 0.0081488 D.655 0.528
&%, 15.0 240 -12i5 0.035409% -0,007286 -0.002269 -0.000080 0.008804 0.002257 0.0029748 0. GETHTRS B.48%4 0,538
LET. 38,8 ~4el -3345 00022675 -0,.006194 -0.001849 -0.800369 0.009311 0.002940 Q.0028399 0.0068734 0.485 0.538
&8, 6.0 ~6:0  ~1445 0.013116 -0.004206 -0.00117¢ 0.506987 0.009518 0.002735 0.0025695 0.0066298 0.456 0,538
&3, 16.0 <830  ~15% 0.003851 -0.007262 -0.000367 -0,800486 0.008758 0.002048 0.0018931 0.0066443 0.655 0.538
For the following date points ' -
a) andfor by # c® + 2%
5 k=]
ALPHA
PT. THETA SHAFT 81 b1
Lo 8 & 1.0 0
b1 8 8 2.9 0
L2 10 6 4.8 0
43 10 L 2.9 0
L3 10 2 .5 0

e

=40


Dow
Text Box
40


.IEST 31Q.0 RUN 20

WIND AXES COEFEICIENTS, BASED DN ROTOR BLADE AREA AND RBTOR TIP SPEED
cp

ALPHA ALPHA

BY.  THEYA  SMART  COMTROE CLR
i. £.0 0.0 «9¢5 0042433
B BaD D0 =F4b. 0.035035
3. 5.8 0.0 =78 $.0256B5
& 300 §.0 248 0‘03%513
- 1 B.8 ~2:0  ~131.1  0.0231555
ba 9.0 =259 ~32+9 G.028571
Ta &.0 2.4 =941 Q.0L36861
e Ba . Bl m%20 =948  0.008131
9. 8-0 ~& LG ~1149 0.008192
- 18.0 &5l ~13+8 0.01233¢
Ale i8-8 e . Byl ~0.00%29%
12. ﬁ-ﬂ onﬁ Wﬁéé 09003?53
13. 2.0 -2l .1 D.80%138
LAfe BB 030 | 3.3 0.01%783
i5. G0 §.0 ~ja} G.0DBHE5
i6. 2.0 2.8 -B41L D.022638
Ae 8.0 %0 0.7 02028392
18- Q.0 6l 31:9 40.04399%
i%. G.0 8:8 24%  0.069857
4 ¢ PR % ! B8 L BaS 0 B.077460
2la E-O 5.4 =6 Q.05%174
224 2.0 L3% 4] =18 {.04%084
- PR 7' AR =349 0.069483
28, &0 2.8 ~&i8 0.035527
25: 40 L% 4] =»5:8 Q«02208%
Ty 68, 2l =T.0 8.04099%
27s 2.0 2.0 ~2s86 G.029982
28, ﬁ.ﬂ 6Lﬁ “369 0:051958

ROTOR SCALE DATA * PROGRAM LA3S30 # WIND AXES

Table I ~ 23,

34 FT. 001z ROVOR

LAR

-0.007378
:ngﬁbﬁﬁﬁ
-0, 007874
~Ja. 008471

. =0:008527

~0. 089255
0007842
~0u0076321
-3 008782
~PuD923T

~3-0056792

-0 Q0%307
~0. 305738
=0.006237
-0, 008992
-G-00BTA5
~0. 008075

LYR

~Q.003489
~0.003241
~0.003312
~0. 004429

~G.002841

~0.008354
~0.001913
Q601079
~D.001291
~-0.001858

~D.000497.

~8.001258
-0.000898
g.001688
~0-00i049
~0.002303

=8.003314

-0 008164
~8.013652
~0:012668
-8=J0PT786

-0 (08925
=G QDT 655
=0 009735
~ 3. 008098
~0e(l2662

=0:810625

-B.004136
~0 . 005547
~B.Q08B270
-3, P058508
=3 .006394

-0.005402

-0.00%61%
~{. 003085
-0.004883
~0.0038177
-8.006819

Roter No. 3.

VIOR = |78

Lui

8.908086
“9,00929?
8.804025
8.006067
0.800155
~3=080160
-8, 008159

~8.000449

~8. 808584
-0, 008401
~§.008283
—ﬁ.ﬂcﬂﬁ?ﬁ
~-§. 008254
9.009151
-8 008159

8.0080405
82800090
~8.000286
~@-,0088627

~§- 000714

~0. 008033
-0,008014
0.008424
6.000879
0.6068552
0-000455
~8,000174
B.008586

Mila0)(90) =

cuy
0+011269

- Q.011667

0.0125068
0.014633)

0,015036

0.016678
0.0313371

. 0.013045

0.013948
G.0315318

8.813878_

0.013830
0.014519
0.914338
6.014338
€.014850

0.000343

0.017640
0.017723
0.020643
0.015205
0017847
0013595
0.012571
0.012943
§.012802
0.01278%
0.012702

L. 7 S

0.002807

- 0.002138

0.001803
0.002815

BO

0.5023610

€.0018053

9.001734]
0.0021107%

Lrg

04/01768 PAGE 5
TIME 785,85

0.0072555

0.0061226

0.0075200
0.0084422

0.061578  4.002 ;;gg $.0085221
0.002524 Q.0 DOZ2908 0.009243%

0.001849 Q.0017536 0.0075867
0.0015891  0.0073510

0.001538
ﬂﬁﬂﬁl!&l
(.002232

0.001360

0.001546
0.001277
.0.901389
0.00109