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ROYLL IRCRLFT EST..BLISHMENT

Prelininary leasureanents of the Aerodynamic Damping
wn Patch ol a 12 £t diameter Helicopissr Rotor

by

C.il. Britland, D-ie
and
R, A, Pail, B, Sc.

Brief measurcments of the damping characterastics of a rotor an
pitching oscillataion were made, primaraly to verafy the smmple technique
proposed for a Tull rcsearch programme on this subjgect. The results
obtained have not been fully analysed or comparced with theory, bul the

technique employed appears to be aatisfactory.
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1 Introduction

In continuation of the research programme on a 12 £t dirameter
helicopter rotor, lhe deszgn and operat won of which us described in
Ref. 1, 1t was proposed to investigate the damping characteristics of

the rotor in patchang oscallations. This note places on record the
few preliminaery measurements which were made, primarily to verily the
technigque.  No analysis of the resulis or comparison with available

theory has been made.

2 Descripgtion of Tesls

The tests wore carricd cut wn the 24 £4 wind tumnel duwring June
and July, 1949. The 12 £t dremeter rotor and driving motor have been
fully described in Ref. 1. Prancipal data are gaven in Table 1 and
Fig. 1 Pur most of the oscillation tests the rear sting was supported
by a cable and coil sprang attached to a point above the open test section
of the tunnel A %ensioning weight of 56 1b also hung from the roar

sting, (Sce fig. 2a).

in order to invesligate the effect of frequency ratio on the rotor
damp.ing, a few dato were obiained with the modafied rig shown in Fig. 2,
whach had a natural pericd aboub four {times greater.

The oscallations of ihe meodel were ainitiated by hand and theon left
to damp out. A cinc~camcra, running at approxunaiely 22 frames/sec.,
recorded the movoments over a scale of & pountcr attached to one of the
cables, and a tuning clock was placed :n the f10ld of vaew.  Dampang
megsuraments were made over a range of rotor r.p.m. in s$ill air, and at
various tunnel speeds for a rotor speed of 600 r.p.m. The elffect of
melining the rotor axis was also wnvestigated. In order to show the
degrec of accuracy of the fcocrniyue, repeat runs were made for sevoral
ceges. Pinally a rough check of rotor lag vas made by aligning the
cinc-camera in the plane of the rotor disk and recording the oscillations
of the dask and the sting JLmultanoougLy, vhile maintaining approxunately
constant amplatude by hand.

3 Resulte
The f1lm records have bean reduced to plotz of amplitude against

time, {ros which have been obtained valucs of 'k', the damping co-
efficient in the amplitude equation:-

J-kt

A typrcal plot of amplitude ageainst tune is shown in Fag. 3. The
dampang coellicrent kp of the rotor alone was obitained by subtracting the
damp Lng COBf;lClent with rotor stalionary from the measured damping co-

efficient X for the whole rip. Table 2 gaves the values of k & kp found
for varaious tunnel speeds, rotor speeds, and shai't inclinations. These

results are plotted in Fags. 4 and 5. Fag. 6 records the result of the
test on the lag of' the rotor disk behind the sting end the shalt.

The apparently zrregular effects of forward speed, as shown in Fig. 5,
were unexpected and no explanalion can be offered at present.



It wzll be sesn in Table 2 that all but one of the repeat tests pave

values of 'L' agrecing within 5% with the previous result. With rotor
running and wind on, the period of oscillation decreases a few per cent,
n accord with the degree of damping. ~ Within the accuracy of these

experaments 2t 1s not possible to compare these small variations with the
theoretical values.

4 Conclusions
The sample technigue employed proved adeguate for the investigation
of rotor damping characteristics an pateh over a wide range of conditiong.

The experimental data obtained were insuffacient to Justify detailed
analysis.

LIST OF SYMBOLS

R Radius of rotor

v twmel velocity (£t/sec.,

0 angular velocity of rotor (rads/sec.)

i shalt inclination (degrees) positive when shaft 1s tilted forward.
Hyy tip speesd ratic S%— .
ay amglitude of paitching oscillation at tame %',

k damping coefficient of whole system

damping coeffaicient ol rotor
g
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Table T

Lucding Particulors of hodcel Rotor

Dnametor 12 It

No. of blodes 3

Blade chord 0.5 Tk
Blade scction HACR G012
Insx arca ' 113.1 8q £t
Solidaty 0.0796
Tlapping hinge offsol 0,1076 £t
Height o.i‘ rotor centre above priching axis 1.475 £t
Weicht of cach blede 10.5:2 1b
Distance of blade C.G. Trom flapning hange 1.020 Tt
Moment of inertic of blade cbout flapoing hince 2,25 slugs £t°
Lock's incrtia nuwsber (ebout flapping hange) 3,52
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Table IX

pamping Coelficicnts

Rig A Poriod (rotor static) = C.97 sces
i
9o 15 Y AP Hy = (check] Kijcan ko
It/scc teo bs)
g° o° 0 0 0 0.017 - 0.017 0
200 0.038 - 0.038 0.021
300 0.079 - 0,079 0.062
400 0.149 - 0.149 0.132
500 0.228 - 0.228 0.211
600 . 1 0.326 - 0.326 0. 309
ge o° 12,8 600 0,032, 0. 14,5 - 0.445 0.428
37.5 0,099 0,370 0. 360 0,365 0. 348
50.3 0.155 | 0.433 - 0.433 | 0.416
76.0 0,202 0.399 0.399 0.399 C.302
8o 15© 37.5 600 0,099 C.372 0, 364 0. 360 0. 351
76.0 0,202 0. 342 C. 344 0. 343 0.326
{13.0 0. 300 0.407 0.4.26 0,417 0,400
g% 30° 37,5 | 600 G.099 0.396 - 0.39% 0.379
76.0C 0.202 0417 - 0.417 0. 400
4° 0° 37.5 600 0.099 0. 386 - 0,386 0.369
76.0 0.202 0. 354 - 0, 354 0.337
L° 150 0 6C0O ¢ 0.405 0. 150 0.427 0.410
37.5 0.099 0,370 0. 386 0.376 0. 361
6.0 0. 202 0.356 0. 304, 0. 31,0 0.323
55,0 0.252 0. 34 0. 354 0. 340 0,331
Rig B Period {rotor stabtic) = 4.00 scos
b 18 v RE I R B
© Tt/zec -
8o . 0o .0 200 0.046 0.029
300 0.071 0,05,
400 0.096 0.079
500 0.132 0.115
600 0,182 0.165
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