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LOCATED CONCENTRATED MASS

By Jdohn E. Tomassonl and Herbert C. Nelson

SUMMARY

Data from 129 flutter tests conducted in the ILangley 4.5—Ffoot
flutter research tunnel have been complled and are reported. The
Investligation was carried out to obtaln information which would test
the validity of the assumption of root réstralnt used commonly in the
flubtter analyses of swept wings. Thils investigation was made with
wings of 45° and 60° angles of sweepback each having two different
lengths. Fach configuration included a-concentrated msss located at
various spanwise positions and at two chordwise positions.

The data cobtalned provided results which indicate thet the assump—
tlon of root resitraint is falrly well Justifled, at least for swept
wings having length—to-chord ratios of the order of 4.5. However, ncme
of the wings tested with the roots psrpendicular to the leading edge
showed exactly the same flutter trends over a range of spanwlse welght
positions as those obtained with the corresponding wing having the root
paerellel to the stream directlon.

. INTRODUCTION

The boundery conditions gt the root of a swepbback wing mske the
problem of en exmct structural analysis very complicated. In order to-
circumvent this difficulty, the following simplifying assumptlons are
sometimes made: +that (1) the root is rigidly restrained normal to the
elastlic axils, and (2) the elastic axls 1s a stralght line. With these \
assumpbions and with the air forces, modified for sweep by the method :
of reference 1, a flutter analysis of a sweptback wing can be made. .
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The purpose of thls paper 1s to present experimental data on the
flutter characteristics of welghted sweptback wings clamped at the
root to approximste the conditiomns of the previously mentloned assump—
tions. The models used In the Investlgation ere simllar to the. swept
models of reference 2 but are modified by root—stiffening plates and
change of length. The lengths of the models were measured along the
elastic axls which was located at the midchord.

By approximating the simplifying sssumptions of theory in regard to
root restreint and elastic axis, the data presented provide a means of
evaluating the sufficlency of theory regard_ing gtructural representation
and alr—force evaluation.

SYMBOLS
W welght of wing sectlon, pounds per inch
Wyr welght of concentrated weight, pou:qd.s _
1 ~ length of midchord line, feet
b half chord of wing sectlion measured perpendicular to |
the midchord line, feet
t thickness of wing sectlon, inches
A sweep angle ﬁea.sured from an axls perpendicular to

alr stream in plane of wing to elastic axis, degrees, '
posltive for sweepback

distance from elastic axlse to center of gravity of wing

X
@
sectlon, referred to half chord, positive rearwerd
Oy distance from elastlc axls of wing sectlon to center of
gravity of weight, referred to half chord, negative
for forward welght location ,
ICG mags moment of lnertia of wing sectlion about its center
of gravity, inch—pouml—ser::o:mﬁ.2 per Iinch
Tma masg moment of Inertls of wing sectlon about 1ts elastic

axis, inch—pound—second.e per Inch
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I, mees moment of. inertia of welght about its ;:s_anter of
gravity, :l:l:Lcil:l—-pound.---se_c:o:ad.2
ET bending rigldity of wiﬁ'g section, pcnmd—inché
torsional rigid.i'i:y of wing section, pound.—-incha
m nmass 1of wing per unit lemgth, slu@lper foot
nondimensicnal radius of gyration of wing section

about its ela;stic axls ( .]_:E&)
-qm'ba

ap dynamic pressure at flutter, pounds per squsre foobt

p ] alr density at fllit‘ber, pounds per square foot

vy stream velocity at flutter s feet per second’

K wilng meas-—density ratio at flutter (—’%:'—2-)

8hs &g structurel demping coefflcient in bending and torsional

degree of freedom, respectively
APPARATUS

The experimental results presented hereln have been obtained in
the Langley k4.5—foot flutter research tunnel with alr used as the
testing medium wmder atmospheric conditions. In this Investigabtion
models B~l and B2 were the sames as model B of reference 2 except as
modified by the root stiffening pletes and change of length. Models C-1
and C-2 were -of as nearly the same dlmensiong as model C of reference 2
as menufactured 0,090-inch aluminum sheet stock would permit and were
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also modified by root stiffening plates and change of length. ﬂle
accompanying sketch shows how the 32-— Inch~thick root stiffening plates
were attached to the models.

AAMENRINE AR /

root stiffening plate

midchord

and
elastic axis . -root torsion gage
)& ~ -root bending gage
N -tip torsion gage

- -tip bending gage

Small chsnges in the wing length were Iincluded to determine if a single
effective length could be found which would glve the same flubtter speeds
ag the corresponding model of reference 2. The following teble lists
the models with thelr respectlive lengths and sweep angles:
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1 A

Modsl (£%) (deg)
B (reference- 2) 3.00 .
B 2.75 L5
B 2.83
¢ (reference 2) 3.00
C—=l 2.75 60
c2 3.00 -

The s_ec‘bion propertlies of the wings are as follows:

chord—, 2b 3 feet - L d e, .. L] L] L] L . L] a - L ] L] L] . L] L L] - L J L] . o . 667
AdrPoll sectioR ¢« « o o« ¢ ¢« ¢« ¢ o o 6 2 o o s ¢ o = . o Flat plate
- @, nONAImenSIoNAL . ¢ s s 4 s 4 4 o e x e s e .. 0,01 (approx.)

8g, Dondimensional . ¢ 4 . e @ 4 s e e s e b0 o oe e 0.005 (approx.)

t’ inGheB « & o o @ @ % ® & 6 s & ©6 & ® ® & ¢ & ¢ & 8 = & e @ 0-090
'W', POUD.dS per inch e ® 8 & ® e @ @« ¢ ®e 8 8 ¢ € & © v s s ®m @ 0.076

ICG»’ inch—pound—second® per INCE « « « o « o o o« o o o « « » 0.000995

Iy, inch—pound-second® per INCH « « ¢ o « « = « « o « » « o 0.000995
EI_’ pO'lmd.—iIlche . - ] - - - - . a - - [ ] ] . . . - . . 0. 00506 X 106

_GJ’ Pomd—mch2 ¢ & s o s o s e e s s e e s o . . o 0.008)(106
Xqg, nondimensional . . ¢ J v e e e 0t e e e s s et e e 0.0

2 . B
T, , BONAImensionAl . .+ « o ¢ s 4 e s s s s s e sTe e e e s 0.334

1/k, (stendard alr density, no concentrated weight) . . . . . 3.1

Two welghts which were essentlially the same were used in the tesﬁs.
One was atbtached at verlous positlons along the leading edge end the
other along the midshord line of each model. The welght properties
are:

Ttem Teading-edge ~ Midchord
weolght " welght
Wes 1D 3.12 | 3.
Oy —1.0 0
I,, in.-lb—sec? 0.010 0.0098
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Strain gages cemented on the wings used in conjhunctlon with a
recording osclllograph provided a means for obtalning the frequenciles
and phase relatlionships.of the torsiomsl and bending strains at the
gage locations. The positions at which the straln gages were attached
to the models are shown in the precedlng sketch. The gage traces om
each of the osclillograph records In flgure 1 are mumbered from left to
right and represent the response of the root—~torsion, root-—be:a.d.ing, tip-
toraion, and tip-bending gages, respectively. The fifth trace on the
records is en imposed calibration frequency. The apparatus sectlon of
roference 2 gives & complete description of the method used to obtalin
the phase angles listed in table I.

The attenuation marked on each gage trace lg & scale number
obtained by electrical mutiplication where the value of the attenua—
tion 1s Inversely proportlonal to the megnification of response. The
amplitudes of the traces combine with the ettenuatlion to give relative
stresses, torques, or moments. These relative values sre obtained in
the followlng manner, the first two traces of a record being used as

an exemple:

Stress (1) _ [Attenustion (1)\fAmplitude. (1)
Strese (2) \Attemnation (2)/\Amplitude (2)

TEST PROCEDURE

An Investligation at zero alrspeed was conducted hefore each geriles
of tests to obtain the first three natural frequencles for each span—
wise weight position. Several spanwise positlons of the concentrated
welght for a constant chordwlse statlon constituted a series for one
model. Durlng each test the ailrspeed In the tunnel was increased
slowly. At the criltlcal flutter speed the tunmel condltlons were
observed, and an osclllograph record of the model vibrations was taken.
The tunnel airspeed was then reduced lmmediately after the critical
flutter speed was attained In order to prevent the model from belng -
destroyed. 'The models were tested 1nitlaelly without any welght and
each of the serles of tests -was accomplished by moving the welght
progressively spanwise to the tip. After a series of tests Wwas com—
pleted the model was retested without the welght to provide knowledge
of any possible damage which ma.y have occu.rred.. No difference was found
to exist. -
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PRESENTATION AND DISCUSSION OF RESULTS

This papér presents the experimental data obtalned from flutter
testing 450 and 60° sweptback wings with the roots modifiled by
stiffening plates. In all plots the test results are presented as
Punctions of the wing length 1. '

The experimental results are complled In table I. The dynamic
pressure, flutter speed, Mach number, and the first three netural fre—
- quencles for each weight posltion and the corresponding flutter fre—

guencies.are listed. Also the phase relationships of the torsional
and bending stresses at the gage locations for the second and third
naturel end flutter frequencies sre given. The Reynolds number for
sach series of tests 1s given and the chord length used In its deter—
minstion wes the length parsllel to the alr stream. A sketch of each
model tested is Included in table I with 1ta corresponding date.

The oscillograph records taken at flutter for the varlous cases
tested are shown in figure 1. The four traces on the records in the
top row only, which represent the vibrabory motions of the model, are
numbered, but these numbers pertdin in the same order to &ll records.
Each is marked with 1ts appropriste attenuastion. The unusual type

"of flutter involving two frequencies simulteneously, as reported in
reference 2, also occurred in e few cases during the present tests.

The flutter deta of figure 2 show the validity of the commonly
used agsumptions regarding root restraint for the models tested. In
goneral, the dlfferences between the data from a given unmcdified wing
end thet from the corresponding wing having a modified root are small,
indicating that the assumptions are falrly well Justified.

The differences in the flutter speed when the concentrated welght
wes on the wing leading edge were small. Thls- Indicates that as the
length of the wing with the modified root was Increased (B-1 to B2
or C~1 to C—2) the flutter speed approached that of the wmmodified
wing (B or C, respectively) for the range of spanwlse weight loca—
tions O to 45 percent 1. From the 65 to about 100 percent spanwlise
wolght renge an opposite trend 1s noted. -In the range from 45 to 65 per—
cent 1 an lrregular varlation exists.

The data for the welght at the midchord line indicate that as the
lengbth of the wing was increased the flubber speed approached that of
the unmodified wing over both the O to 45 percent end the 65 to 100 per—
cent spanwise welght renges while the range fram 45 to 65 percent was
1rregular. .



8 NACA RM IL9J2la

In figure 3 the first three natural and the flutter frequenciles
are plotted agelnst spanwise welght posltlion for each of the series of
tests. These plots show the relation between the flubtter fregquency
and the first three natursl frequencies for each of the configurations

tested.

CONCLUDING REMARKS

The structural assumptlions usually made in the flutter analysis
of swept wings, that the root is rigldly restrained and the elastic
axls ls a straight line at-least for the uniform type of wing tested,
appeer to be falrly well Justifled. Exceptlons are noted for critical
ranges of concentrated weight posltions where small changes in the
poalition of the weight produce relatively large changes in the experi—
mentally determined flutter speed.

Langley Aeronsutical ILaboratory ‘
National Advisory Comlttee for Aeronsutics
lengley Alr Force Base, Va.
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Figure 2.— Variation of the flutter speeds with weight position for each

(a) A =45° o = -1.
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