Reproduéed from the Unclassified / Declassified Holdings of the National Archives-
Reproduced from the Unclassified / Declassified Holdings of the Nationa! Archives- : .

A

- NACA FILE COPY

SRSSWSSESS: [/ ORANDUN REPCH

s on last
" r:bagk gover. ;- )
RN

“ORMATION
MTTEE .~

Woathiviigesis Ly D
[ e

- BLADE MOTION B ’ 3 g




Rep.roduéed from the Unclassified / Declassified Holdings of the National Archives-

;)Eﬁ(;’swﬁb“ _" 2

Q AUTHORITY L
< %V.ziNARA DATEJ l‘{ 7 e

’ fo b : A
: %% R BT \\, o
RANDUM REPCRT o
il
R B BLADE MOTICE AND BOUNCIHG TESTS OF XKD-1 ﬁHTOGMRO
1 B'z JO?:;?’J B. WHEATLEY |
3
! e
! o ‘ SO < :
' There are forwarded herewith the resulbs of blade motion
. e ~
| end bouncing tesnc on the Kellett KD-1 threemfﬂladed“’aata‘o"iro-.
b tlen Eleture reeerds and tﬁo‘eemﬁonent acceTePcmeter ree@rds f
o - : . ., )
o were taﬂea in il*ﬂ T aurﬂng gll@es at air gpeeds. frOﬁ 30 mlles
' per hour to 100 mx7es per hour indicator readings. Galmbraﬁlon ff
? ' curves of corregt inqipated air ;Speei and rodorispead as
~ functions of air speed meter reading were established with a

~

trailing pitot-static head and a rotoscope, at 2,000 ft. alti-

L

b ma@e at aporox1mat31v taau deasity.

(o : T

g';”v Tne teSU results are given in flgufes 1 to l& and. tables

B ; 1 to III. Botor spned andgga(d Eﬁﬁgéaaze shown a8 fanctloas

'fof 1ndlcate& alr speed.ln flgﬁre L. A typical eufve oz flamplng

engle ﬁ and of the angular motion ;\ abeat the vertical plﬂ
as functlons of azlmutn angle V’ are g;ven ln\fxgnre 2 s&sw;

’1pgvt he relatlve dlSDer31@n of the expeereﬁtal data. .All‘

J

cufves of tnls tjp“ heve been.; anal Jvrd7on the. assummtlon that

ey awe expresczb¢e in tne formS'

i e i o 8

v tude and aﬁ 2ir d.331qy of 0. 00231 slug/ca fu. all tests beln¢ .'?ﬂj

it
;ﬁ.ﬂ(‘.
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and

A = ~8q cos ¥ — Db sin % - ap cos Ey/_— b2 sin 2 O
and the resulits of this snalysis are shown in figures % and 4
T The
OR " 4
Twist of the blade al the Tilteen foot radius has been plotied

and btables I and II as functlouns of the speed ratio

- ~ — k1 = Ao - I LY PruLs L
in figures 5 to 12, the dynamic wwist € Dbelng the differencs

vetween the zero reading, which varieg for different rTuns

“because of the camera position, =znd the curve pf piteh angle ©

‘as a function of gﬂ This twist sngle hag been asgumed expregs—

ible in the form
1 ‘ :
O = €+ € oos}// + My sin WV + 620052}9
4 ' 3 in B
| +fﬂ281n2§0+ €3cos;~y/ +qf158131J?7
and the resultant data is shown in figure 13 and in table III.
Figure 14 shows a typical accelerometer record obtained simul-
tansously with the blade motion Gaia.
< Much of the test date 1is gelf~-cxplanatory, so only items
of particuler intersst will be discussed. In figures 3 1t will:
be seen thal &, differg Trom its usugl form 1n that 1% does
v
LR

pleined by reference to the curves of pitch angle & againgt

not increasge gteadily with . This ean be adequailely ex-—

s

¥, which show a variation in blade pitch angle which would

?
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curves of €© agsinst yﬂ are consistent with the fact that
the c.g. posgition of the rotor blade zlong the chord is at
22.5 percent ¢, which is always fOTW&Td cf the c.p., giving
a2 washed-out blade when the rotor develops thrust. The amount -

<

of washout varies with the thrust and the c.p. position of the

thrust, and congseguently with ;ﬂ; The thrust is a animum and
the c.p. position farthest afi between sz 0 and 'yU: 90°,
and this ie reflected in the marked Jecresse in © 1n that
£

range. Figure 10 is particularly noteﬁﬂfﬁ v becausge of the
high-frequency vibration of the blade menifested in part of
the renge. It is thought that at this particulaer roter speed
the ﬁatqral frequency of the blade Iin torsion igs an integral
multiple of the rate of rotaltion of the rotor, which resulis’
in & repeated oscillation in phase with itsgelf during succes-

give rotor revolutions. At =2 different rotor speed the

phage relstion would éhange and merely result in dispersing

the data. Figure 14 shows that in the gtrictest sense there

is no bouncing in this rotor, bouncing belng s vibration will
a frequency of three times the rotor speed. The vibration in
the normal acceleration ab 34 miles per hour occurs at twic

rotor speed, or spproximstely at 6 Gycles/sec.: as the air

£

speed 1ncreases, there is superposed on this V7bfat¢Oﬂ aﬂOuhST

one of the same frequency as the rotor speed, giving sn

3
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scceleration record resembling a2 cyclold curve.
of the same freguency as the rotor can be ascribed to a

difference
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The vibration
slight

engle of the individual blades, which

would result in a slightly uneven distribution of the thruse

load.

vibration at

¥o explanatiocn has been found for the presence of a

twice rotor speed. The scale on the normal com-

ponent of the accelerometer is 1 inch of ordinate equals 2.33

-

Approved:

‘emorial Aeronautical Laboretory,

nal Advisory Committee for iQ?OH““tiGS,
daﬂg;ey Field, Va., June 13, 1935.

John B. Wheatley,
Junior Aecronawilicel Englneer,

Eltod W. Miller,

Pr;a01ng

i

Mechanicel Engineer.
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| TABLE I

' .

| XD-1 TEST

\

i T

E j%;'_P aO al by 2, b 5

|

f 0.125 | 8.44 | 0.94 | 1.86 0.09 ~0.15
158 8.14 1.53 1.86 .15 - 17
.188 7.79 1.62 1.93 L1l -.15
.21 7.72 1.50 1.99 .16 -.18
248 7.52 | 1.79 2.00 .18 -.20
273 6.50 | 1.24 | 2.0k .28 ~.16

- .298 6.97 1.40 2.11 3L -.25

. 317 .26 1.37 2.15 38 —-.28
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§ TABLE II

!}

: XD-1 TEST

| SUMMARY A

= ,

. 1

‘ } ?‘% al ?1 ag b 5

? 0.125 ~0.55 0.08 | 0.0L 0.01

B ~ 158 ~.60 . 2% .01 .01

| .188 —.54 .20 .01 .02
217 -.53 13 .02 .04
. 246 -.56 .20 .03 .04

| .273 - 4T s) .01 .06

| . 298 -.55 .08 0 .03
317 ~.52 0 0 .04

ot
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|
|
. KD-1 TEST
smmARY ©F
| v € € n € M € g
| Fo¥:3 0 1 1 2 2 3 3
| , :
; 0.125 | -1.1% | 0.12 | -0.51 | 0.0l | 0.02 .| 0.13 | —0.14
158 | =.57 | =.20 | -.69 | .10 | -.14% | .06 | -.06
188 | -1.16 | Lol | ~.77 | .08 | -.15 1 -.05
.217 -.90 ~.1% | -1.05 .17 | ~.15 .12 -.08
246 | -1.38 | .12 | -1.27 | .20 | -.14 .18 | —.13
.273 i ~1. 11 "’0 09 "'lo 46 GT:E- e 42 e 06 ; 016
.298 | -1.51 JFL | =1.61 A48 -3 .21 .21
|sl7 | -1.63 52 | -2.13 JTA (=019 | B4 | =12
L ) 4
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