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By John E. Tamaesoni and Eerbert C . X e l s a n  . 

Data from 129 f lu t t e r   t e s t s  cmducted in the Langley 4.>foat 
flutter  research tunnel.have been compiled and are reported. The 
investigaticm was carried out t o  obtain informatian which would t e s t  
the valiafty of the assumption of root restraint  used cornmanly in the 
f lu t te r '  analyses of swept wings. This investigation m a  =de with 
wings of 45O and 60° engles of sweepback each having two different 
lengths. Each canfiguraticm Fncluded a.cancentrated mass located at 
var iok  spanwise positians and at two chqdwise  ,positians. 

- The data obtained provided results which indicate that the assump 
tian of root  restraint  is fa i r ly  w e l l  justif ied,   at   lea@t f o r  swept 
wings hamg. lengtb tmhord   ra t ios  of the order of 4.5; Edwever, ncrne 
of the wings tested  with  the roo t s  p e r p e n d l c w  t o  the leading edge 
showed exactly the same f lu t t e r  trends &er a range of spanwise weight 
p o s i t i m  aa those obtained with the correspanaing wing having the root 
p a l l e l .  t o  the stream airecticm. 

The boundary cmditians at the root  of a Bweptback make the 
problem of as exact  structural -ais very c q i i c a t e d .  order t o  
c i r c m e n t  this difficulty, the following siqlmplifglng a s ~ t i a n s ~ ~ e  
sometimes made: that (1) the root is rigidly  restrained normal t o  the 
elastic  mi^, asd (2) the  elastic axla is a straight line. With these 
assunrptiane and with the air forces, modified for sweep by the method 

' of reference 1, a flutter  analysis of a Bweptback wing can be made. 
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, The purpose of this paper is t o  present  experbental  data on the 
flutter  characterist ics of weighted mptback nLngs clamped at the 
root  t o  approximate the canditioss of the  previomlg mentimed assump 
tims. %e models used tn t h e  inveetigaticm are SMLSS t o  the.  swept 
models of reference 2 but are mmLLfied by root-etiffening  plates and 
change of length. !The lengths of the models mre measured along the 
elastic  axis which w a ~  located at the midchord. 

By approximating the simplif'ying assumptime of theory in regazd t o  
r o o t  res t rahl t  and elast ic  axis, the data presented provide a means of 
ev-duatbg the Bufficiency of theory regarding structural  representation 
asd a1z"force evalua=ticm. 

W weight of wing section, pounds per  inch 

WW wei&t of omcentrated weight, pounb 

2 length of midchord line, feet  

b half chord of wing section msasured perpendiculw t o  
the midchord line, feet  

=a distance f'ram elastic axis t o  center of gravity of wing 
eectim,  referred t o  half chord, positfve reamam3 

eW distance from elast ic  &E of w i n g  sect im t o  center of 
gravity of weight, referred t o  half chord, negatfve 
for f 0rwaz-d weight lmatian 

ICG maas moment of inertia of wing section about i ts  center 
of gravity, inch-pound-secand2 per inch 

A sweep angle measured frm an  axis  perpendiculm t o  
air streain in plane of wing t o  e&&ic axis, degrees, 
positive f o r  Bweepback 

I m  ~ S E  moment of iner t ia  of wing section about i ts  elaetic 
axis, inch*ound"eecond2 per inch 
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also modified by root fxbif'fening plates and dhaage of length. The 
wcompnybg sketch a h m e  how t h e  $-inch--ick  root stiffening plates 
-re attached t o  the models. 

elastic axis x / 
t 

- root  torsion gage 
-root bending gage 
-tip torsion gage 
- t ip  bending gage 

&dl changes in the wing length were lncluded t o  dete-e if a a ingle 
effective length could be found which trould give the satue f l u t t e r  speed.8 
as the carrespcazding model of referance 2. The following table lists 
the models with their  respective length 'and sweep angles: 

. 
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5 secticm progerties of the wings axe as follows: 

Chord,  2b, feet  . . . . . . . . . . . . . . . . . . . . . . . . .  0.667 
M o i l  section . . . . . . . . . . . . . . . . . . . . .  Rlat plate 
gh, . n o n a w i m a  . . . . . . . . . . . . . . . . . .  0.01 (approx. 1 

n o a w i a  . . . . . . . . . . . . . . . . .  0.005 (approx.) 
t, i n c h e s . .  . . . . . . .  ; . . . . . . . . . . . . . . . .  0.090 
w, pounds per inch . . . . . . . . . . . . . . . . . . . . . .  0.076 

inch-pound-cand2 per inch O.oOOgg3 
I=, Incb+-gound”second2 per inch . .  e . . . . . . . . . . .  O.OOOgg5 
EI, pound-inch2 . . . . . . . . . . . . . . . . . . . .  O.CQ506 X lo6 

. GJ, pound-inch2 . . . . . . . . . . . . . . . . . . . . .  0.008 X lo6 
+, nandimensimal . . . . . . . . . . . . . . . . . . . . .  0.0 

ra2, n c m w i m  . . . . . . . . . . . . . . . . . . . . . . .  0.39 
+/K; (stai- air damits, no ccnmentrated wei&t) . . . . .  34.1 

. . . . . . . . . . . . . .  *CW 
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Straln @%gee cemented oz1 the wings used in conjunction wlth a 
recording  oscillograph provided a msaas f o r  obtaining the frequencies 
and phase relatimships .of the -borsianal  and bendfng drains at  the 
sge locatiane. The positians at which t h e  strain gages were attached 
t o  the models are  shown Fn %he preceding  aketch. The gage traces an 
each of the oscillograph records in f i p e  1 %e nunibered frombleft t o  
right and repelsent- the respanere of the  root-torsim, root-bending, t ip- 
toreion, and. tipbending gages, respectively. The fifth trace an the 
reoords i a  an mosed calibration frequency. 'The apparatus section of 
reference 2 gives a CwIplete description of the method used t o  obtain 
the phase angles lfsted in .table. I. 

Tha attauation =ked on each' gage trace is  a scale nmiber 
obtalned bJr electrical "tipelfcation where the value of the  attenm- 
t im  is inverse& proportimal t o  the  ma&fication of response. The 
amplitudes of  the traces ccmibine with the attenuatim t o  give relative 
stresses, torquea, o r  mcrmenta. These relative values are obtained in 
the f o l l a r i n g  mazmer, the first two traces of a .record be- used as 
an example: 

A n  investigation at zero airspeed was cmducted  before each series 
of t es t s  t o  obtain  the first three natural frequencies f o r  each f~an- 
wise w e i g h t  posit im. Several spanwise positians of the concentrated 
weight for a canetant chordwise station  constituted a series f o r  one 
model. During each.test the airmeed in  the tunnel m a  fncreaaed 
slowly. A t  the cr i t ica l   f lu t te r  speed the -humel caulitions -re 
observed, and an oscillograph  record of the  model vibration8 w a s  taken. 
The tunnel  airapeed was then reduced immediately m e r  the  cr i t ical  
f l u t t e r  speed was attained in order t o  prevent the model f r o m  being - 
destroyed. 'The  nodele were teated. initiaJly without m y  weight and. 
each of the series of tes tswas accamplished by moving the w e i g h t  
pro@~essively spanwise t o  the  t ip .  After a series of tests iTas c- 
pleted  the model wae retested without the weight to provide knowledge 
of m y  .poesible danaage whfch may have occurred. No difference w a ~  found 
to  exis t .  I . 
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Ichis paper  Freeentg the e x p e r m t a l  data obtained f r m   f l u t t e r  
test'ing 45O and GOo sweptback -wings with the roots  modified by 
stiffening plates. alJ- plots t@ test   resul ts  are presented as 
functiane of the w5ng 1-h 2. 

The experimental results are c q i l e d  in table I. The dynamic 
p e a s u r e ,  f lu t t e r  speed, Mach nmiber, and the first three natural fre- 
quencies f o r  each weight position and the correspmding f lu t t e r  fre- 
quencies.are l i d e d .  Also the phase relaticmahips of -&e tors ional  
and bending stresses at the gas, locations for the second and third 
natural and flutter frequencies are given. The Reynolder number for  
each serfes of tes t s  is given Etnd the chord length wed in its deter- 
mination was the  length parallel t o  the air &ream. A sketch of each 
model teeted is -included in table I with its corresponding data. 

m e  oscillograph  recorde  taken at flutter for the m i o w  cMe8 
tested are s h a m '  in figure 1. The four traces on the recorda in the 
t o p  row only, which represent  the vibratm motions of the model, are 
n e e r e d ,  but t h e s e  numbers pertain in the came order t o  all recorde. 
EEtch is marked with i ts  appropriate attenuation. The unusual tSpe 

~ of f l u t t e r  invol~fng ~ W Q  frequencies slrm;zltaneously, as report'ed in 
reference 2, also occurred in E f e w  cases dur€ng the present tes ts .  

I 

I 

! 

The f lu t t e r  mta of figure 2 show t h e  val idi ty  of the cnmmc;nlv 
used asemqtions  regarding root restrafnt for the models tested. 31 
general, ;the differences between the data from a given unmodified wing 
end that from the corresponding wing having a mdLified root  me mall, 
Indicating that the asaumptfans m e  fa i r ly  well justified. 

The differences in the f lu t t e r  e p e e  &en the concentrated weight 
was a the nlng leading edge were mall. This- indicates that as  the 
length of the with the modified root was increased (€!-I t o  B-2 
or  0 1  t o  O e )  the f lu t t e r  speed appoached that of the unmodified 
wing (B or C, retrpectivdy) f o r  the range -of spaaTise weight loca- 
tions 0 t o  45 percent 1. Erom the 65 to about 100 percent Bpanwise 
weight range an opposite trend is noted. -DI the range from 45 t o  65 per- I 

cent 2 a n  i r r e g u k c   m i a t i o n  exLsts. 

The data for the wefght a t  the midchord lFne inafcate that as  the 
length of the wfng was increased  the flutter speed approached that of I 

the unmodified wfng over .both t h e  0 t o  45 percent and the 65 t o  100 per- 
cent spaswise weigkt ranges wkile the range from 45 to 65 percent was 
irregular. 
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Zn figure 3 the first three natural and the f lu t te r  frequencies 
m e  plotted againkt spewhe wei& position  for each of the  series of 
tes ts .  These plots show the  relation between the  f lut ter  frequency 
and the first   three  natural  frequencies for each of the  configurations 
tested. 

The structural  assumptiou uBually made in the  flutter.analysi8 
of  swept wfnga, that the r o o t  is rigidly  restrained and the  elastic 
axis is a strai&t l ine at--leaEst f o r  the uniform type of wing tested, 
appem t o  be fairly well justified. Exceptions are noted for cr i t ica l  
ranges of' concentrated weight posTt im where ,mall changes in   the 
positim.of  the weight  produce relatively large changes in the experi- 
mentally determined f lu t te r  aseed. 

w e y  Aeronautical  Iaboratory 
National Advisorg Committee for Aeron&utics 

Lmg ley  Air Force Base, Va. 

1. Barmby, J. G., Cunningham, H. J., and Garrick, I. E. : Bvesti- 
gation of the Eefects of Sweep on the Flutter of Cantilever 
Wings. WCA RM L8H30, 1948. . 

2. Nelson, Herbert C.,  and  Tomaseoni, John E. : Ikperimental Lnvesti- 
gation of the EPfects of Sweepback on the Flutter of a miform 
Cantilever WFng with a Variably Located Concentrated Mass. 
NACA RM LgF24, 1949. 
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?-Root torsion 
2- Root beridin.q 

. .  

- NuAbers on gqe truces 
ure ui7enuufions 

Figure 1.- Oscillograph r e c o r b  taken at flutter. 
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Figme 1.- Continued. 
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Figure 1.- Continued. 
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Figure 1.- Cantinued. 
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(a) A = 45O, ew = -1. 

Figure 2.- Variation of the f l u t t e r  speeds with weight posi t ion  for  each 
of the models tested.  ! 
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(b) A = 45O, ew = 0. 

Figure 2.- Continued. 



( C )  A = 60°, ew = "1. 
Figure 2.- Continued. 
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Figure 2.- Concluded. 
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*Natural frequenoy 
-*-Flutter frequenay 

Dlstanae Of weight from root, perO8nt 1 

(a> Model €&l, A = 45O, e, = -1. 

Figure 3.- Variation of the first three natural frequencies and flutter 
. .. frequency w i t h  w e i g h t  poaition. . . -  
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(b) Model €kl, A = 45', ew = 0. 

Figure 3.- Continued. 
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(c> Model M, A = 45O, ew. = -1. 

Figure 3.- Continued. 
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( e )  Model (2-1, A = 60'; % = -1. 

Figure 3.- Continued. 
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Dletunoe of weight from root, peraent 1 
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(f) mdel 0-1, A = 60°, e, = 0. 
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Figure 3.- Continued. 
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(g) Model M ,  A = 60°, e, = -1. . .  
* 

Figure 3.- Contfnued. I 
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Dletanoe o r  weight iron root, gamont I 

(h) Model C-2, A = 60 , ev = 0. 

Figure 3.- Concluded. 
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