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SUMARY -- 

Brief measurements of the do.mp,lng characterlstus of a rotor m 

pltchlng osoillatlon were made, prunenly to vcr~fy the simple tochnlquo 

proposed for a fu1.l research pro&,rmx on thu subJcct. The results 

obtained have not been fully an~lysud or compawd wtb theory, but the 

technquc employed appears to be satisfactory. 
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I Iritroauctlon - 

In mntmuatmn of the research programme on a 12 ft dlanleter 

and July, 1969. The I? ft dumator rotor and drlvuxg motor have been 
fully described in Ref. 1. Prlnclpal data arc ~;~ven UI Table 1 and 
Fzg. 1 l~ur’mont of the osclilatxx tests the rear stug was supported 
by a cable and corl sprmg attached to n point above the open test section 
of the tunnel A tenslonml, weqht of 56 lb also hung from the rear 
St1l-g, (SW fl&. 28). 

In order to ir~vesiigaix the effect of frequency ratlo on the rotor 
dampmg, n few data were obtauxed with the mod-ifxd rw shown in Pig. 2b, 
mhlch had a natwal pcrlod about four talcs greater. 

The osclllatlons of the model were uutlated by hand and then left 
to daq out. A cu+-camera, runnLny, at approxunntely 22 framcs/scc., 
rccodeed the movements over a scalo of a pouter attaohcd to one of the 
cables, and d tlnimg clock was plzed in the flold of YNW. Dam~l”g 
measurements were made owr a range of rotor r.p.m. m still air, snd. at 
var’1ous tumel speeds for a. rotor speed of 6% r.p.m. The effect of 
mcllnmg the rotor clxz.s was also mvcstqstcd. In order to show the 
degree of accurncy of the tcc’hnlquo, ropcnt runs wore made for several 
CCX.EOS. I”mally a rough cheek of rotor lag was made by alqnlng the 
cmckxunc~~a m ‘ho plane of the rotor disk and recording the osclllatlons 
of the disk and the stmg suwltancously, hllo rnalntalnrng apprownate1y 
constant ampl%tudu by hand- 

3 3 1icsu1ts 1icsu1ts _I- _I- 

The film records have been reduced to plots of smplltudo against The film records have been reduced to plots of smplltudo against 
tlmo, from vhxh have been obtalncd val.ucs of ‘k’,, the damping co- tlmo, from vhxh have been obtalncd val.ucs of ‘k’,, the damping co- 
cfflcmlt ln the dinp11tudc equation:- cfflcmlt ln the dinp11tudc equation:- 

-1;t 
at = ii0 e 

A typxcal plot of ql~tudc against tvnpl IS shown XI Fxg,. 3. The 
damply coe?.?jclent kl< of the rotor alone ws.6 obtamed by subtracting the 
damping coeffxxnt with rotor stationary from the measured dsmpulg co- 
efflclent k for the vd~ole 1-3~. T,?blc 2 [gvcs the values of k 6. kR found 
for various tunnel speeds, rotor speeds, and shaft incllnatlons. These 
results are plotted in Flp,n. 4 ,3nd 5. i”1.g. G l,ecords the result of the 
test on the lag of the rotor dxk behlnd the sting and the shaft. 

The apparently uregular effects of forward speed, as shown In Flc. 5, 
were unexpected and no cxplanatlon can be offered at present. 



It w~l111 be seen m Table 2 that all but one of the repeat tests gave 
values of ‘1.’ agreclng w1thm 5:: w1tt1 the prcv1ous result. Vlth rotor 
ruimmg and WI.& on, the permd of oscLtlatlon docreases a few per cent, 
m accord alth the dogree of dampmg. . ii’lthm the accuracy of these 
experments 1-L 1s not possible to compare these small varlatlons nlth the 
theoretlcai values. 

4 Conclusmns -- 

The smple technu~ue employed proved adequate for the mvcstlgatlon 
of rotor dmpmg charactorlstics m pitch OYW a vlde range of oondltxons~ 
The expermcntal data obtamcd mere msuf’f’~cxmt to Justify dctalled 
analysis. 

LEST CF SY?KBOJS 

Radius of rotor 

tunnel velocity (ft/scc., 

angular velocLty of rotor (rads/sec.) 

shan’t mclmatlon (de&rem) posltlve when shaft 1s tilted forward. 

t1p speeii rat10 2 

smplltude of pztchmg osclllatlon at tme ’ t’ . 

dsmpmg coeffxx3t of whole system 

dampmg coeffwlent of rotor 

No. - Author lC1t1.5, etc. -- 

1 Squ3.rc, Fall V/md Tunnel Tests on a 12 ft 
and. zyre Dmnnetur Helxoptcr Rotor 

RAE Regori; No. Aero 2j21&, April, 1949 
Aa.2 12,524 
(To be publmhed.) 

--_ --- 
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ileizht of rotor ccntrc z.bovr: pltchinz nxis 

iici:ht of cnch blr<c 

0.5 ft 

NAGA 001 2 

113.1 sq ft 

0.0796 

O.lGi6 ft 

1.4i5 ft 

10.52 lb 

I.228 ft 

2.25 slug? ft2 

3.52 
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80 

6” 

8O 

40 

4O 

00 0' 0 0 0.017 - 0.017 
200 0.036 - 0.038 
300 o.oiy - 0.079 
400 0.149 - 0.149 
500 0.228 - 0.226 
600 0.326 - 0.326 

CO 12.8 600 0.034 O.L&5 - O.LJ.& 
3i.5 0.099 0.370 0.360 0.365 
5c.3 0.155 0.433 - 0.433 
76.0 0.202 0.399 0.399 0.399 

15O 3i.5 600 0.099 0. ji2 0.364 0.36G 
76.0 0.202 0.34‘? 0.344 0.343 

113.0 0.300 0.407 0.426 0.41i 

jOO 37.5 600 0.099 O.jYG - 0.396 
X.0 0.202 0.4li - 0.417 

00 3i.5 600 0.099 0.386 - 0.306 
16.0 0.202 0.354 - 0.354 

15O 3q.5 600 0 0.405 O.L,50 0.427 
0.099 0.3io 0. jOG 0.3ic 

,6.0 0.202 O.jj6 0.3Lt4 0. xc 
95.0 0.252 0.342 0.354 0.3G 

7 % 
0 
0.021 
0.062 
0.132 
0.2il 
0. jO9 

0.351 
0.326 
0.400 

00 

80 ) 00 .Q 200 0.046 
jO0 

0.029 
0.071 0.054 

400 0.096 a.079 
$I: 0.132 0.182 0.115 

0.165 
L 
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FIG. I DETAILS OF 12 FT DIA. ROTOR. 
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SCALE 
READING 

2 2 PROPORTIONAL OPORTIONAL 

FIG. 3 TYPICAL PLOT OF AMPLITUDE DECAY WITH TIME. 
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8C.=S0 MEAN is = 0’ v.37 5 FT/SEC R PM=600 jl”=O 099 
FILM SPEED - 23.5 FRAMES/SEC. 

-r 

MEAN VALUE OF AMPLITUDE RATIO OVER 20 FRAMES:- 
RUN 1 1.370 

HENCE 41 = 
RUN 2 1.350 

LOG= 1370~~ = 0.370 

42 = 
LoGo 1*358x G5 * 0.360 

EO 

a90 
=i%? = 1.36 
a 110 
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FILM FRAME No 
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FIG.4 VARIATION OF ROTOR DAMPING WITH ROTOR SPEED ( rc(N = 0) 
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FIGSa & 5 b VARIATION OF ROTOR DAMPING WITH TIP SPEED RATIO. 
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SCALE READING 
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FIG.6 

9, =a0 MEAN &I 0’ v = 0 FT./SEC RRM. = 600 FILM SPEED = 23.5 FRAMES/ SEC. 

AMPLITUDE RATIO 

AMPLITUDE 
0.64 UNITS 

FILM FRAME NO 
AVERAGE LAG OF ROTOR RELATIVE TO STING = 2.47 FRAMES =, 0.105 SECS. 3 42” PHASE LAG. 

PHASE LAG BETWEEN ROTOR 8 STING IN MAINTAINED 
OSCILLATION, 

PITCHING 
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