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Swnmary

The c¢ffect on flexurc~aileron flutter of a tuncd danping
devicc attached to the ailcron was investigated cxparimentallye) The
results obtained confirm the thooretical conclusion that the usec of
an ailcron-ourried damper would not bo a reliable flutter proventative.

Introduction
§1.- ¢ and osc of the Investigation

Report 81 061 describes tests on the uffect on flexurc-aileron
flutter of artificial damping applied directly to the cilcron by a
damper oarricd in the winge 7The cmount of damping for flutter prevention
indioated by theso cxperiments oould probably be supplicd by dampers of
snall mass as oompared with the balance mass vihioh the dampers replaos,
but tho damping forcos to bo overcome during normal operation of tho
oontrol oolumn would bo too groat. A tuned damping device attached to
tho oontrol surfaoce vhich would norm:lly offer littlo resistance to
movements of' the control wos suggested as a possible altcrnativoe 4
theorotioal investijsation on tho eff'cot of tuncd dampers has boen
cerried by Frazer ond Jones?13. The present report describes o parallel
‘experimental investiation.

A balanoed aileron=carried dampoer was tosted under oonditions
ocorresponding to zero altitude, and to an altitude of 30,000 fte: a few
tests on an unbalanocd ailcron oarriod danper were also madee

82. Dosoription of the hiodel

(1) Dogrces of Frcedom

(i) Wing flexure with lincar modo of displdocment
from tho wing root.

(i1) Adleron angulor movaaent about the hingo line.

(1i1) Angular moveuent nbout an axis coincident with
the aileron hinge axis of tho damper disc®.

2y
142! REVORT

Inclo

%o darpur ai : to tho darpe ing of 8 &
P 8c corresponds tho danper casing o 5.'%. it _‘(,éﬂ |

1.or?do§. a. 7/2-}
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(2) Soslem.~ The linear and speed sosles of the model
were chosen to be 1/20 and 1/./20 of full scale respectively. Henac
the soales for wouwents and products of inertia, fruequencies, elsstic
stiffness Sm.lent per rodian) and damp coerficients (mouent per rodian
per second) were rospectively 1/20%, o/

i
20, 1/20% and 1/20%./20.

(3) Construction of the Model.= Thc plan form and the full
soale dimcunsions of the wing are shown in Fige 1.

The model ing was o light rigid structurc with plan form
and scction saemis .
but without oambor. It wos attach.d nt its root to a mock fuuclogo
by ball buxwrings +vhioh purmittcd wing floxural wovement onlys The mook
fuscloge was tixed to tho tunnel woll and the wing wos supported in a
horituzr:ontal pooition by the hclical springs which provided the floxural
[ 88e

Tho rigid aileron, with tho damper oasing fixed to its
inboard ond, wus attcched to the wing by two small ball bearings. From
the outboard tip of the aildron a balance arm, vhich was also usud for
the ottaclhuent of ailoron stiifncss springs, projeoted into a cut-out
in tho wing. The niluron scotion had straight sides and a D-nose vhich
fittud oloscly into the shroud. '

The arran_ uient of the tuncd damper is showm in Fige 3. Tho
brass disc A vics enclosed by the dapur onsing B and wins ocarricd by
o8 spindlu surported on two smnll ball buorings fitted to the dampur
oasings Ono ¢nd of the spindle proJjected outside the casing and oarricd
o fitting C to vhich on¢ ¢nd of aspiral spring was olarpced. The
other ¢nd of tho spirnl spring was claped to the outside of tho casing
by fitting D« Tho cnsing was provided with filler nd drainegu plugs to
oenable virious damping fluids to be introducud into the casinge Thus tho
disc rotctud ruylative to the cnsing about an nxis ooincident with the
aileron hinge axis; the nwtion being resisted by the clastio forccs of
the spirel spring and by the damping iorous dus to the fluide The spiral
sprin:s uscd vore mado from stocl wire of various diamvters and were
wound with cithcer 4 or 1% completo turnse The inertianl valucs of tho
diso oould bo varied by balance masses ploocd on two smell crms attached
to tane fitting C.

¥hon the bolonccs nasses vere symwetrioally placed about the

rotation axis tho device corrusponded to the "mass balanoed-aileron
oarried dampexr" as defined in 8581,

83. Definition of Symbols
Symbol 8ignificamce
11 Aileron angle

Darper diso angular displacouicnt rclative to
aileron

? Wing displocauivnt in fle.ure

'-I?? mouent of inoartia of wing, incluuing aileron, about wing
root as mensurcd in still air at h = 0

b | Nowmers of inewtia of ailoron uxoluding douper disc about
the hinge line as noasured in still nir nt h = 0
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Polar moment of inertia of damping disc and associsted
balance masses, including the virtual mass effeot of
the damping fluid

Yroduot of inertia of aileron excluding the damper disc
with respcot to the aileron hin e sxis and the wing root,
as measured in still air at h = 0

Produot of inertia of damping disc vith respest to the
disc oxia and the wing root

Illastio stiffness of wing in flexure expressed as moment
per radian

Natural froequenoy of ving in flexure

Flostio stiifness of aileron exprossed as the aileron hinge
moment per rodian defleotion

Klastio stiffness of damper disc expresscd as moment per radian

srtificiel damping coofficient between daumper diso and
oasing vxpressed in monwent pur roadian per seconde The values
quotud arc those obtained from 1orced osoillation experiments
on tho diso with tho casing stationoary

2% x natw-al frequonoy of the urdamped disc
Altitude

Critioal spced and frequenogy respeotively for the onset of
flutter (lower critionl speed and froquency)

Critionl speed and freguengy at whioch the existing flutter
is supprossed (upper oritiool spoed and froquency)

%These synbols are barred when thoy rofer o the effective values
at the uppor eritionl spoed (soe

84, Method of Test

The lowest value of p was obtained with the damper casing
eupty: higher values vicro obtainoed by filling tho daaper onsing with
o0lls of various visoositiese Tho oils usud ranged from light machine
oil to hoavy yecar oil. For cach value of p, oritiocal specds and
froquencios viero mecsurcd in tho usual way for a rango of values of
n cbtaincd by changing tho dasuper springe To kuup the value of I'VY
oonstant it wvas noocssary to ocorrcet for the di furvnce botween the
virtual momunt of inurtia of tho diso vhen immersed in oil ad in
nlxe This ocorrvotion was made by adjustuiont of tho balanoo masses
on tho diso zrmae « wwasure of the value of p for ocach oil wos
obtained by a forcud osoillation oxpuriuent on tho dise while the
casing was hcld station ry. Vhon applivd to the flutter tcsta this
valuo mat be rogarded as quelitativo since it noy not be truly
oppliuable to the conditions obtaining in fluttor, 'hoen both diso
and oasing rotatoes Since the voluo of p was found to be dependont
on froquonoy M was always muasured at o fregquenoy closc to tho
fluttar fruquonoye Tho value of n was oaloulated frou the measurod
valucs of Ir , oard 1.".
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In order to late the cxperiments with the theoretiocal
work of Frazer and Jones“?”, the cffective model inertial and stiffness
oostfioients vere adjusted to correspond approximately with thoae
assumed in the thoorutical worke For tests applicablc to zero
altitude the aotual model vaiuecs of I P and I were too high

and recourse vas mode to additions to the claastio stiffnesses to
obtain effectively the ruquired incrtial values. The effuctive value
of IE for antisyumetriocal flutter (1 s 0) ond the effective

value of I ¢ assooiatod wvith a ving flexural stifnoss 7.?, are
glvon ruspectivoly by the following rvlotionss

gy - ripp Caty/kE

e+ aigq - g g

whore symbols with tho prefix T rofur to tost values and f is the
flutter fruquenoys Due to the alight diifurcnce betweon fy and ?; . the

voluos of I 3 cd Igg ocorrusponding to Vo ond V, differed
by about 5 pir ‘ounte

The offoot of altitude was simulatud on tho uwodol by
inorcasing the noneacrodynamdic oouffioiunts (incrtin, doaping, stiffnoas)
by /@ vhuro ©,» ©p aro respuctivoly tho air donsities ot the
altitude of tho tust and ot oltitudo he It was not practiocable to
increese the moment of inertic of the domper disc to the desired value
but the reasults vwure referrod to the dosired effeotive value of Iv Y

associatud vith an effuctive stiffnoss given by

1 L) 222 L -

y -y e llyy - lpg)
The offcct of the difference between fg and ?o wos to give
difforent volues of I and honce different values of =n
oorreaponding to the lower and upper oritiocal spoodse

.5. sult

All values quotod throughout tho ropert refex to the full
scale aircraft and aroc oxpresscd in slug-feot=secord urndtss

{(z) h_=_ 0, balonoed dampar

Tho rosults are given in Table 1 Curves of oritical
spoud ogainst 1/n for oonstont volucs of p are plotted in Figek.
For o amall ran,c of the diso natural fruquoncy noar the natucral
froquenoy of the wing in rflexure flutter was provenied for valuos
of § ¢ 51 This range ias narrowur than that predicted thooretiocally
(see Pige6, 8581) and did not show much varintion with pe For
b w 71 and over fluttur occurred ror ail natural freguoncica of the
domper disce

(b) b_= 30,000 ft. balonced domper

The roesults aro given in Table 2 and are plctted in Pige5.
Flutter ocourred for all tho variations of n and 4 toeateds A




-5-

small inoresse in V, wes found when the natwral frequencies of the
damper disc and of the wing in flexure were ncarly equale These
experimental resuits agree qualitati-ely with the theoretioal results
plotted on Fig. 9, 3581,

(o) h_a_0O, unbalanced demper (Table 3, Fige 6

For thusu tcsts mass vas piaoed on the disc axrm forward of
the axise The mass uscd was not quiie sufficient to eliinate rlutter
when the damper dise was locked to aileron, and fluttcr coourred over
& small ran.c of wind speode iith the damper disc spring oonstroined
to the aileron, fluttcer was not obtained for any fini:c value of n
tosted vhon n was grouater than 2xf, but was present over a vido
rango of -.ind spued for oertain values of n  less than 21(1'? .

8.6 Conclusions

(1) Tho oxpurimonts provide qualitative oonfirmotion of
the thuorutionl reoults givun in 8581 ond 9946 and cupport the conclusion that
the wse of on aileron~ocarried damper would not be a reliablo flutter
preventatives

Refcronocos

Mlexural-iileron Fluttar Tusts on o hodel
of BaieCe Ying Type 167: Tho Effoct of
Artifioial Aileron Dompinge 8106, 044556

Re ae Froger ond Tho Influcnoe of Tunud Damping Dcevious on
We Pe Jonos Flexural iileron Fluttere 8581, 0.480.

Yie Ps Jones Some furth.r Caloulations on the Influenoe

of Tuned Damping Devicus on Flexure-aileron
Fluttere 9%6' 03607-

Pable i/
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48 for Ant cal tter with a
Damper = Zero Altitude

.gmg_ Conditions
(o) Stiffnesses Ig 0
1.? 14892 x 108

(b) Inertias Iw 5¢73, Iyp = ©
IIE 148 (1?7 s 04128 If!)
frg 4841 (IW“,‘ a 0119 f} s)
I?? a 224 x 100 (t? = 1.46)
T‘P? 2 25.3 X% 105 (?? s 138)
Irq s R36

: / %Speed Range for Flutter ) Critical fregquencies
Test No.;i/n  ip | '

[
! P v : %o %o
;0,052 ! 281 ] 1605 1452
: 0»%1 i i . 1 -h-6 1453
0,373 ; 1e46 1452
0.077 : 1446 1452
0.095 | 146 152
0,107 | 15 1+52
8'1 07 i . 4 0’05 1 '50
442! - -
0.126 | i 1446 1.50
! 0e433 | 1448 1451
[/ 1151 ; 1e47 151
0.158 | 1.46 1451
0.183 1.46 1451
0e284 1eki6 1.52

0,052 | 32 145 152
0.“1 l 1.‘010- 1 '52
© 04073 | 1e46 1.50
. 0.077 ! 1e46 1451
' 06095 ; 146 1450
: 0~1°7 ' Lrd

60112 | -
+ Ol 26 ! 1647 1450
P Ca423 17 1.50
1 O: 145 ' 1e47 1454
! 0-1_‘.)8 ; 4 -h-6 4 '51
| 04183 147 1452
i 0.284 1446 152

! 0,052 | 54 145 153

-

P e R -
FUND 00PN WN >

JREPUREBS AT

N
[

Table 1 Comtimued/
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Table 1 Contimued

/ ‘8peed Range for Flutter . Critical frequencies
i/n YO

' '
] c fc

: : p
v Vo ! i

-

0.061 . 126 ©497 i 1.45 1 1452
© 00070 133 1 198 1446 . 1453
0.077 . 131 . 198 145 1452
. 0sO% ; 146 ' 186 1eli? 152
i 0107 . No flutter -
i 0112 No flutter - =
. 0126 . P17 157 1447 1454
© 0133 114 - 167 “1els7 151
0e1h5 114 i73 1446 1451
, 0158 ; 110 : 177 146 1452
- 0a183 i 113 ) 1 1446 1452
. 0284 ! 113 L8, 16 | 1452

i 04052 126 : 1ek6 154

0s061 . 127 ; 146 1453
i 0.073 ! 130 | 1 .1.6 1452
. 0077 130 ; 146 153
" 0.09, : 131 ] 1el7 1452
. 0107 ! i 1.’&6 1452

0e142 ' : 1047 1.52
. 06126 127 1e46 1452
" 06133 . i 128 : 146 151
RICH 125 ; 1ebb 1051

0.158 q 122 . 1.2‘.5 1.51
S 001831 1 424 - 146 1452
| 0e281, 1446 1452

| 0,052 : H 1446 153
! 0061 ° P12 1e46 1452
| 04077 . 125 1e46 152
i 009, : t 1047 1453
losoz: | 423 ; 148 1452
C0et42! P23 : 145 1452
| 04126, ' i 1445 1452
¢ 0a133 | 125 146 153
i Ollid | 124 145 153
: 00158 ; 125 : 145 153
| Oe284 | 125 | 1elib 1454




- 8-
Table 2

Besults for Antisyumetrizal Fluttc: with a Balanced Alleron-Carried
Demper = Altitude 30,000 ft.

General Conditions
(a) 8tiffness:s 1.! 0
g 14892 x 16B
(b) Inertias Iyy = 50 Iyg = O
Igg 48 (1”, = 0.128 I,gg)
Ipg 22,5 x 10° (t? n 1ekb)

Tyg 836

| Lower Critical Speed |  Upper Criticol Speed

. Vo 1 f,  /m . V! ‘ fc . 1/n
66 11 1166 | 1.46 ' 0.072L 547 ‘1675 | 0.068
67 , 1 65 ! 1eli6 !, 0,081 ' 350 1 076 , 0.075
68 168 | 149 10,087 5u8 1 076 ' 06084
6 ! 165 : 147 | 04093 {356 1476 ; 04085
70 . 173 ek | G0, 1 380 J - P

" 177 143 0.110 M 1459 ! 0.102
72 185% © 1.47 i 0,110 ! 334 1.7% 0.098
T 155 :1el5 j 04119 | 333 1473 0410
75 157 1149 | 04120 336 174 0105
76 157 147 | Ou12p = 333 ie76 ! 0s107
K4 159 | 147 ! 041313 336 1676 °  0Oe111

172 | 147 | 0,072 i 349 1¢7% i 04069
170 Telds | 0,082 1| iell 0,076

170 | 144 | 0.088 350 1e7h% 0,084
|17 {1047 | oe0%3 351 | 1 0.085
175 ' 1e45 | 06103 Vo342 1.70 U086
175 | 147 | 04108 336 . 177 | 0079
157 1448 00109 : 333 172 . 0099
152 1e47 Oe11} Qe 1.73 i 0e1OY
153 1e46 | 04116 1«73 | 0103
154 1e47 | 00118 174 0103
156 1 ohﬁ 00122 1¢74% . 0106
156 146 | 04125 174 0.107
160 145 0e133 174 - Oe112

0073
0.088

Test No. g

-
-]

|
;_

1.7 . 0.069
1 075 : 00084
0e103 173 i 0093
145 | Oet111 175 . 04098

TN :
|

P1e47 | Ol | 1.73 . 04100
f
i

i1-).5
" 1ehd

i
i
|
|
|
|

i 140 ! 0e119 173 . Oe1Oh
1 1edo | 06125 172 ' 00109

i 1648 | 0e131 175 | Oeti12

BYRERLLL BIBIRKLRREEI

®Intennittent fluttor between 125 and 185 fepese
Table 3/
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Table

Results for .ntisymmetrical Flutter with an Unbalanced ijleron-Carried
D, axr = Zcro Altitude

Geperal Comuitions
(a) Stirfnesses 1.5 0
g 14892 x 10°
(b) Inertiss 1!3 L6e1
Tyy 50a9
Iye 23.2 x 100 fp = 1446
oo 2642 x 10° Tg = 135

I! ¢ 836
Tyq = =29

Speed range for Flutter , Critical frequenocies

" ;

Test Nos | 1/n l
)

{

v, S £,

1
"

0s091 - -

100 - 0.159 | )
101 i Oet 67 i 1457
102 ' 0,198 | 1455
i 0e272 ! 1¢55
104 0.4:29

l#" = 12.§A;
99

157
1456
1455
1.58

1452
154
1452

0.058 280 No flutter -
0.203 @ No flutter -
00278 . 1436 | 176 1456
Oel31 RE 180 1457

Damper disc 148 164 1049
locked to |
aileron |
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h=0,
Iyy =028 I!'! for lower critical spaads

Toe® Odlb'.t“ For uppar critical spaads
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h =0 I I 'ne.?‘_‘s...
1,;0-.!4 I,s GO'MU:" F:N’,u. =38 .-"/

I =0287 = 026! L¢ 4 For all othar waiues
TIyp =-a07
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