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EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF SWEEPBACK
ON THE FLUTTER OF A UNIFORM CANTILEVER WING WITH
A VARTABLY LOCATED CONCENTRATED MASS

By Herbert C. Nelson and John E. Tomassonl
SUMMARY

The results obtalined from G5 subsonlic flutter tests which were
conducted in the Langley 4.5-foot flutter research tunnel on untapered
cantilever wings with sweepback angles of 0°, 45°, and 60° and carrying
a single concentrated weight are presented. The welght used throughout
the series of tests was 1l percent heavier than each wing. A primary
purpose of the investligation was to present sexperimental information to
be used as a basis for evaluating analytical procedures for determining
the flutter speed of welghted sweptback wings.

The welght was mounted at a series of spanwlise positions on the
leading edges and on the midchord lines of the wings. The results of
the tests in which the wings were welghted at the leading edge indi-—
cated that the flutter speed was greatly affected by the spanwise
position of the welght and, in these cases, the change in sweepback
did not appreciably alter the flutter speed. For the cases in which
the wings were welghted at the midchord, an increase in sweepback
generally caused an increase in the flutter speed and, as the sweep
angle was increased, the effect of the spanwlse weight position became
more pronounced. The results are presented in the form of plots of
flutter speed and frequency as a function of spanwise welight position
for the sweepback angles tested..

INTRODUCTION

The purpose of thls paper 1s to present experimental data on the
flutter characteristlcs of sweptback untapered cantilever wings
carrying concentrated welghts. These data were obtained from 95
flutter tests conducted in the Langley L.5-foot flutter research tunnel
on wings, each carrylng a single weight at & series of spanwise
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positions on the leading edge and midchord line. The investigation
covered sweepback angles of 0°, 45°, and 60°.

Several analytical methods have been devised for calculating the
flutter speed of an wmswopt wing carrying an arbitrarlily placed welght.
The methods of reference 1, which treats a uniform umswept wing by a
differential—equation method, and of reference 2, which treats a
general unswept wing by using chosen modes, were appraised with the ald
of the experimental data presented in referemce 3. Reference 4, which
presents a general amalytical method for swept wings, does not explic—
1tly develop the procedures for including a cancentrated welght and
comparison 1is made wilth experiment for uniform wings omnly. The present
paper furnishes experimental data that can be used to. examine methoés
for predicting the flutter speed of a weighted gweptback wing.

Because of the lmportance of the wibratlion characteristics in a
flutter analysis, the nodal-line patterns associated with the second
and third natural frequencles of the models at zero alrspeed are
presented. This Information may serve to check the method used in a
flutter analysis for ansalytically obtaining the coupled modes of
vibration of a wing at zero alrspeed.

The models weré made from umiform thin sheet metal with thelr
leadling edges rounded off and, 1f destroyed by flutter, they could
eeslly be reproduced. The models tested were practically the same
in characteristics except as changed by sweepback.

Essentially one welight was used throughout the series of tests.
This welght approximately similated the mass characteristics of an
engine. The results of tests as presented in this paper may be
regarded qualitatively for the effects Investigated and furthermore
used quantitatively for comparison with subsequent analyses.

SYMBOLS
W welght of wing model, pounds
W welght of concentrated welght, pounds
1 length of midchord line, feet
b half—<chord of wing model measured perpendlcular to

midchord line, feet

+ thickness of wing section, inches



NACA RM LgF24 3

A sweep angle, poslitlve for sweepback, degrees

x distance between elastlic axis and center of gravity of
wing section, referred to half—chord

distance between elastic axls of wing sectlion and center

€
v of gravity of weight, referred to half-chord, negative

for forward welght location

I mass moment of inertia of wing section sbout 1ts center
of gravity, inch—pound—second2 per inch

Iga mass moment of Inertia of wing section about its elastlc
axis, 1nchrpoundrsecond? per inch

Iy mass moment of inertia of weight about an axis parallel
to leading edge through its center of gravity, inch-—
pound—secaond

ET bending rigidity of wing section, pound—inch®

+% S torsional rigidity of wing section, pound—inch®

m mass of wing per unit length, slugs per foot

ry nondimensional radlius of gyratlion of wing section about

fI
its elastic a.xis( ﬁ)
mb2

ap dynamic pressure &t flutter, pounds per square foot

o air density, slugs per cublc foot

Ve true—etream veloclty at flutter, feet per second

2

K mass ratio (“g? )

8hs8a structural dampling coefficlent in degree of freedom
indicated by subscript

a angle of attack of wing section, positive leadling edge up

h bending deflection of wing section at elastic axis,

posltive downward



L NACA RM LgF2h
APP ARATUS

The Iangley %.5-Foot flutter research tumnel was used for this
sorles of tests. The testing medium was alr under approximate atmos—
pheric conditions. . L

The models used in the Investigatlon were flat—plate cantilever
wings made from 24S-T aluminum with their leading edges rounded off.
The unswept model had a length of 3 feet, a chord of 0.667 foat, and a
thickness of O. 0900 inch. Two sweptba.ck models were used, cne having
a sweep angle of 45° and the other, 60°. The midchord lines of the
swept models had a length of 3 feet, and the other properties were the
same as for the unswept wing.

Each model was xnotmted as a vertlcal rigld cantllever wing with
its root at the top of the test section paralilel to the alr stream.
This type of mownting resulted in flutter invelving no bending or
torsional displacements of the root. The sweptback models were effect—
ively obtalned by rotating the umswept wing about the intersectiom of
the midchord line and the root. A sketch of each model is shown, with
1ts data in table I. The wing propertles based on the unswept wing
are as follows: ' ' '

¢ = o . 0.667

o e o = . 4.5

" '® ® e ¢ @ @ l

Chord, 2b, feet . - « » &
Length, 1, feet . . . . .
Aspect ratio (geometric)
Taper ratlo . « « « « +» &
Alrfoll sectionn . « « . . . Flat plate
€hs nondimensional . . . 0,01 (approx. )

Bgs NONAIMENBIONAL . ¢ ¢ « ¢ e ¢ s « o+ s o o » o » 0.005 (approx.)

Thichless ’ t, inches L] - - - - - - - . - - - L L J - - - - - - o- m
H’ Pomds L ] - - - - - . - - - - - - - » - L J - - - - - - - 2.735
Togs j.nc:h—-pou::ui—csec::rn.d.2 POYr INCH . v ¢ « 2 2 = « « « « « « . 0.00995

IEA, inCh—poma.—BeCOIlda PBI' mch - . @ - - e = @ - .- = = -« ® 0 (mg

EI, Polmd.'—j_nch - e - - * a - . - [ - . e . . - - s = . 0- m‘jos >< l
G’J, Pomd—incha . L] . - - - - -« @ - L - - - - - - . . - 0080 x 106

xq,,nonclimernsiona.l........................ c.0
ru'z_; nmdimmsimal L] - - L L] L] - - ... - L - - - - - - L - - 00331'-

1/ (standard air, no veight)................. 34.1
A, deg@rees . . .« .« o o o ¢ s o o ¢ s e 2 2 s e s e s s e e e s 0O

The elastic axis and center of gravlity of the wing sectlons were
located at midchord. Because of the type of mount used in the investi—
gatlon, 1t was necessary to use three wing models, each having the sams
properties, except as changed by the sweepback angle.
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Two welghts which were essentially the same were used; one was
moved along the leading edge and the other, along the midchord line of
each model. The propertles of the welghts were as follows:

Leading-edge welght | Midchord weight
Wiys pounds o . 3.12 3.12
o o o o ... -1.0 0
Iy e o o o o 0.0100 0.0098

The two weights were each about 14 percent heavier than the wing.

Vibration records of the bending and torsional osclllations of the
wing during flutter were obtalned electrically by the use of strain
gages cemented on the wing. The straln gages were connected through a
system of bridges and amplifiers to a recording osclllograeph. Two
sets of gages were used an each model. One set of gages was mounted
on the midchord line approximately 4 inches from the root and the
other, on the same line about 4 inches from the tip. The approximate
location of the strain gages 1s 1llustrated as follows:

—— A

» L A

The squares represent the bending gages and the circles, the torsion
gages. The numbers 1, 2, 3, and 4 represent the root—torsion, root~—
bending, tip—~torsion, and tip-bending gages, respectively.
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The system used in obtalning the proper phase—angle relationship
between the bending and torslanal stresses of the wing as recorded in
table I 1s as follows: .

Leading edge Midchord Tralling edge
-1 0 _ 1

Zero dis piacament 3

c.g. of wing section

Section A-A

The preceding sketch shows the relative directloms of positive

bending (h) and torsional («) displacements of the wing Bection. A
couple, which twisted the wing in the positlve o—direction, was applied
at the tip. This actlon Induced positive twist at each section of the
wing; therefore, the direction 1n which the torslon—gage traces moved
on the oscilllograph record for positive twlst at the gage staticns was
obtalned. A force was then applied, which deflected the tip in the
positive b—direction, thus producing positive bending curvature at each
section of the wing; therefore, the directiomn in which the bending-gage
traces moved on the oscillograph record for positive bendlng curvature
at the gage stations was determined. Thus, the phase-angle
relationships between the straln-gage traces an the osclllograph record
for positive torsional and bending stress at the gage statlons was
established. Each model was treated in the same manner. The root—
torslon—gage trace was used as & reference. If the traces of the other
geges were displaced In the same directiom as the reference—gage trace
for positive twist or bending curvature, they were in phase {09); 1f
not, they were out of phase (180°). The following table gives the
results of the callbration:
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Phase—-angle relationship
Model
Gage 1 Gage 2 Gege 3 Gage k
A Reference 180° o° 180°
B Reference 180° o° 180°
c Reference o° o° 0°

The way in which this table was used is 1llustrated with the aid of the
following sample oscillograph record:

Calibration

Gage 1 Gage 2 Gage 3 Gage 4 frequency

Root torsion Root bending Tip torsion Tip bending (100 cps)
AY Vi Vi ———
) { { =
/I \\ A ;él
1 I ] ] =
K / I =
N Z I/ :E:
N 4 1 =
r[ T\ ‘\ .
i A ~ N \ e
' ! S 3 Y =
Timing lines » } :;:
\X 0.10 sec / 7 [/ / E
Y 7" 1 =
» /] A 11 —
7 AN AY =
7/ N AY —
) =

If the record is assumed to be obtained from any one of the models, the
phase—angle relationship between the bending and torsional stresses of
the model at the straln gages would be obtained as follows:

Model Gage 1 Gage 2 Gage 3 Gege L
A Reference o° 180° o°
c Reference 180° 180° 180°

The gage traces on the sample osclllograph record are numbered and
labeled and for all the records of figure 1 and data of teble I the
identification 1s the same.
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TEST PROCEDURE

) Since flutter 1ls usually destructive, recognition of flutter,

recording of the necessary data, and reductlon of the alrspeed to save
the model must be accomplished In a very short time. The alrspeed was
increased slowly, and at the flutter polnt, oscillograph records were
taken and the tunnel condlitions were recorded. The first three natural
frequencies of each model at zerc alrspeed for the various welght
positions were recorded before the model was flutter—tested. After
each model had been made to flutter with various welghted conditioms,
1t was retested with no weight to establish whether or not 1t had been
demaged by flutter. In additicn, the nodal—line patterns assoclated
with the second and third natural frequencles of the models at zero
airspeed (fig. 2) were cbtained.

PRESENTATION OF RESULTS

. Experimental results, obta.ined. from the flutter tests of wings
with sweepback angles of 0 , 45°, and 60° and carrying a single concen—
trated weight at a serles of spenwise and two chordwise pesitions, are
presented in table I and in figures 3 and 4. In table I the quantities
listed are dynamic pressure, flutter wveloclty, Mach number, natural and
flutter frequencles, and phase—amngle relatlionships of the bending and
torsional siresses for the corresponding secomnd and third natural and
flutter frequencies. A sketch of each model configuratiom 1s Included
in the table with 1ts corresponding data. )

The oscilllograph records taken at flutter for the 95 flutter tests
are shown in figure 1. The gage traces In the records are numbered
from left to right and are: (1) root torsiom, (2) root bending,

(3) tip torsion, and (4) tip bending. The gage traces are marked at
the top of each record with thelr sppropriate attenuatioms. The rum
nunbers are glven iIn the lower left—hand corner of each record.

The second and third natural—frequency ncodal lines of each model
configuration-weighted at the leading edge are shown In filgure 2. The
progressive change in these nodal lines with spanwlse welght positicn
i1s 1llustrated.

. In figure 3 the flrst three natural frequencies and the flutter
frequency are plotted against spamwlse welght position for each sweep
angle and chordwise welght position. These plots show the relation
between the flutter frequency and the first three natural frequencies
of the wing for a given welght position.
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The variation of the flutter veloclity wilth spanwise weight position
for the configurations weighted at the leading edge and those weighted
at the midchord are shown in figures L(a) and 4(b), respectively.

DISCUSSION OF RESULTS

The models used in the series of tests were s0lild metal.cantilever
wings with thin rectangular cross sections and could easily be repro—
duced in case flutter proved to be destructive. These models were of
such a nature that they fluttered at low Mach numbers. The l1lifting
characteristics of the airfoil sectlion used are approximately the same
as those of a conventional airfoll with the excepiion that flow separa—
tion associated with the stalling condition occurs at a lower angle of
attack. Since the model was mounted at essentially a zero angle of
attack, 1t is very unlikely that the flutter speed was appreclably
influenced by this separation effect.

The first three natural frequencles, the flutter frequency, and
the Flutter velocity of each model configuration tested are given in
table I. The quantities have been plotted in figures 3 and 4. The
figures show that, in general, a marked change in flutter frequency
andi a large increase in the flutter speed occurred when the welght was
located between 4O and 80 percent of the wing length.

The variation in flutter veloclity due to a variation of sweepback
for a given chordwise and spanwise position of the weight 1s shown in
figure 4. The second and third natural modes of vibration of the
models weighted at the leading edge (fig. L4(a)) were of a highly coupled
nature as shown by figure 2. Apparently this large amount of coupling
had a greater effect on the flutter speed than did sweepback. In
general, for this leading-edge weight position, varilation in sweepback
d1d not cause a large difference in flutter speed. The majJor effect on
the flutter speed of the models welghted at the leading edge was due
to the spanwise location of the welght.

In figure 4(b) the flutter velocitlies of the models welghted at
the midchord are presented. In this case the mass coupling was rela—
tively small. As is noted in figure 4(b), the effect of sweepback was
more pronounced. The flutter velocity c¢f the unswept wing was not
greatly affected by spanwise weight position. When the wing was swept
back, however, spanwise weight position did have an effect, probably
because sweepback induced an amount of coupling which was further
increased by the additlion of the welght to the wing.

An unswept wing carrying & single weight on the leadlng edge was
experimentally Investigated in reference 3 and analytically investigated
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in reference l. The ratios of the welghts and mass moment of

inertias (‘—;"— and EIE) used. 1n the reference papers were approximately

the same as those used 1n this paper. In reference 3 and this paper a
complete spanwlse survey of the unswept wing could not be experimentally
obtained because the flutter veloclty exceeded the divergemnce veloclty
over a large range of welght positions. However, a camplete spanwlse
survey of the wing ln reference 3 was analytically obtained In refer—
ence 1. Tt 18 of interest to memtion that the tremd with spanwise
position of the analytical results cbtalned in reference 1 for an
unswept wing was simllar to that reported 1n this paper for the swept

wings, each belng welghted at the leading edge.

Two flutter speeds were cbtalned from the unswept, unwelghted
wing. In the neighborhood of the lower flutter speed the flutter was
not of a destructive nature amd the lower speed range could be exceeded
and the higher flutter speed obtalned. The flutter occcurring at the
lower speed appeared to involve a significant amount of wing second
bending, and at the higher speed the model appeared to vidbrate very
little in bending and Its motion was predominantly torsional. The
unweighted, unswept wing was the anly model for which two flutter
velocltles were recorded. All other flutter velocliles reported herein
were the lowest values obtalned regardless of the vlolence of the
flutter.

In table I several of the recorded flutter freguencies are marked.
The flutter in these cases was of an unususl nature. (See fig. 1.)
Consider run Tl, for example, in which case two distinet fregquenciles
were cbtalned simultansously at flutter. This case was unexpected
since flutter usually involves anly cne frequency or, In some cases,
occurs with a burst of cne frequency, then a burst of & different
frequency. Run Tl (weight at 4l1l.67 percent 1) was not an isolated
case unrelated to those in which the welght posltion was nearby an
either side. As the weight was moved spanwise (rums 67 to T4) the
model experienced a change In flutter mode. The amplitude of the tip
gage traces diminished as the welght was moved toward the tip of the
wing (runs 67 to TO). In run Tl the tip traces came In at a higher
frequency, and a high frequency persisted an the tip traces In rums T1
to Th. The root traces, an the other hand, had a relatively constant
amplitude and frequemcy In runs 67 to 71 and then were inactive in
rune T2 to Th. On the basis of the records presented Iin figure 1,
run Tl can be considered to be part of a flutter-mode change.

A poseible explanation of such an unusual type of flutter is that
the flexibllity of the thin plate—llke structure and the assoclated
nodal—line patterns may be involved. Furthermore, these models had low

structural demping.
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Table I contalns the phase—angle relationships between the
torsional and bending stresses of the second and third natural frequen—
cies and the flutter modes of vibration of each of the models tested.
The phase angles pertelning to the flutter modes were read from records,
portions of which are shown 1n figure 1. The phase angles pertalining
t0 the natural modes were read from records not appearing in this paper.
All the phase angles were obtained using the system illustrated in the
section on apparatus. It should be kept in mind that these phase angles
relate the wing stresses at the gage statlons and not the deflections.
In order to obtain a deflectlon curve, the spanwise stress or moment
distribution must be known. Since the wings tested carried only two
sets of gages, this spanwlse distribution was not obtained. Thus, 1if
the tip and root bending stresses are out of phase, 1t merely indicates
that there 1is at least one Inflection polnt in the mode shape but not
necessarily a nodal point. On the records in figure 1, the various gage
traces are marked with thelr appropriate attenuations. Since the ampli-
tude of the gage trace 1s Inversely proportlonal to its attenuation for
a glven stress and the amplitude is directly proportional to the stress,
the bending moment at the root may be #pproximately related to the
bending moment at the tip and the torque at the root to the torque at
the tip. The relative bending moments and torques and the phase angles
between bending end torsion at two stations on the wing can give no
direct information as to the flutter mode but might be used as a check
on results cobtalined analytically.

The large amount of coupling present when the weight was located
on the leading edge of the wings is clearly l1llustrated by the sketches
shown in figure 2. Note that the third natural frequency was of a
torsional nature when the weight was near the root but changed to one
of & second—bending nature as the weight neared the tip of the wing,
and, conversely for the second natural frequency. Figure 2 slsc serves
to 1llustrate that sweepback alone induced coupling.

The sketches of the models Indicate that the roots were parallel
to the air stream. An investigation of the effect of a change in root
restraint on the models tested would be desirable.

CONCLUDING REMARKS

The effect of sweepback on the flutter characteristics of a uniform
cantilever wing carrying a concentrated weight has been experimentally
investigated. The results as presented may be used In conjunction with
analytical methods of predicting the flutter speed of sweptback wings
carrying concentrated weights to indicate the validity of the methods
used.
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Wings carrying a single weight (14 percemt heavier than the wing)
at a series of spanwlse positions on the leadlng edge and on the
midchord line were tested at sweepback angles of 0°, 45°, and 60°. A
comparison of the results obtalned from the tests 111 which the wings
were wolghted at the leadling edge Indlicated that the flutter speed was
greatly affected by variation of spanwlse welght position, and in these
cases the change In sweepback angle haed a small effect an the flutter
speed. For the wings welghted at the midchord, the general effect of
increase in sweepback was to Increase the flutter speed and, as the
sweep angle was Increased, the effect of spanwise welght position
became more pronounced.

Langley Aeromautlical Laboratory
National Advisory Commlttee for Aercmautics
Langley Alr Force Base, Va.
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TABLY I.— EIPERTMENTAL DATA

e Froquencies Phaso—angle relatiouship of tending and toreionsl streasas,
ar v | weot | or wmiuh: (opa) (Ref indiontss refarence strain gags trass)
Nodel B (19 fag #6)| (2ps ) [ooeber | from root Eaturel 20 natural mols 3rd oatwral molle Flutter mode
(pevoent 1)
1st] 204 | 3rd Flutter 1 2. 3 k 1 2 3 & 1 2 3 L
(292) |(30g) | (2g) (asg) [{2ag)|(ang)|  |(deg)|(dem)](a0g)
Model A 1| 339 [ama8loasis| o (2.2403.68)10.68 g0 |—-|Rer | - | 280 [merf e | 0 | e [oee| o | o |-
"ﬁ‘;’::__lma leatingl o | 26.05 |120.5| 1085 o 2,24 13,65(19.64( b7 |---|Ber | - [ 180 [met|[ - [ 0 | --- [mer| 36| o0 [216
Reymolds number ¥ 3653.0v,| 3 | 16,99 |129.2{ .2075) 5.5 [2.26|13.64 19,38) %80 |---|Ber | - | 180 |Baf|-— | 0 |~— [mae| 3| 0 | 217
8| 821 [161.5( 1389 w1 [2,26h2.88717,48) 10.06 [Rer|180 | - | 0 [Ber| 0 | 0 | 180 |Ber| 0 | 0 | o
5 27.86 1160.5) .13T9| 16.66 |2.25[10.78[16.2) B.51 |Ret|-=- | - | - [Rer| O 0 (180 |Rer] 32| 0 32
6 28,30 (161.9 ,2390| 22,20 |2,23| 8.83|16.2%1 T.M1  ([Rer) ..m | - 0 (Bef| O 0 | 180 |[Raf| 50| 22 | 3%6
T 33.91 |177.6] .1323| 27.77  |e.20| T.&2[16.28) .51 |Rer| 280 | - 0 |ger| o ¢ [180 [Ret| 3| 3» ]| 3
8 35,18 {172.3| .1MBO| 33.33 [2.1%]| T.11|16.2%| Divergence| Ret| © - 0 |Ret| © 0 [ 180 j-o=| = wu | uu-
= | meeee | eeemal ce-| 3890 [2.07] 6.85|15.98] Divergencelmer [ 180 | = | o |met| 0 | 0 | 280 [—] — | - | -
- e me=|  =mmme | mewes| —m—mmd ARG (1,97 6.82(15. 75 Divergenoe|Ret| 180 | - 0 |Bef| O 0 (180 |=ee| == | = | ---
. - rernn | wcued| cemee| 50,00 (1.83| 7.11|15.46{ Divergeooe|Ret| 180 | - 0 (Ber]| 0 0 | 180 |—=| =] = | au-
= | ameae =emma| =e=eu] 55,50  |1.7h| 7.32715.01] Divergenca|Rer| 180 | - 0 |Ref} © 0 180 feme| w= | o= | n--
. R [— emmma] wemeel 62,01 ]1.63] B.28(1k.62{ Divergence|Ber| 280 | 0 | o [mer| o | o [180j—-| - -- | -—
1 — | ——— m——ee|  86.66 |2.53| 8.82|1h.22|Divergence{Raf| -—- | 0 G |Ref| Q 0 [ 180 |mmu| o= | == | ==
- e | pmare| ceemel 72020 |1,k | 9.61[17.50] DivargenceRer| © o 0 |Ret| -] © | 280 [~ ~ | o= | a-m
g 35.%9 [1B1.9] .1560| 80.50 [1.38[10.08}13.62 DivergencelRar| © ] 0 |Ret} © - | 180 [~=e] == | - ---
10 22,9h | 145.8| .a250| 083.30 |127he.12[13.68) 11,80 [mer| o o O |Ref| 180 | © 0 |Rer|! 99| 0 | 319
‘.._'_..'__21, L[ 1234 |106.9( .0915| 88.90 |1.18(9.77(13.85| 12,09 |Rer] © | 0 |1Bo{Reri18e [ 0 | o [Rer| 43| o | ---
L

= = =t 12| 10,62 | 98.6; 05| 9440 [l12{9.2118.00] 12.00 |Ber| 0 [ 0 [18ofmer|180 | 0 | o [|mer| 123] 0 | 230
13 20,28 | g9T.h| .0839| 9B.60 [1.06] 8.69|14.03] 12.12 |mer| o 0 | 180 |Rer| 180 | © o |Ret} 7| 0 | 337

*Hote osolllograph record, Hgure 1.
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PARIE I.— EXPXRTMENPAL DATA — Omtinued

7T

' 1om Phas o relxtionabip of banding and taraicoal strosses.
Distanoe zup) of indicates refsrencs sivain-—gage irese)
- g Te - | Maah | of welght
liodel (1b/sg £t)| (fps)|cmbar m:w': Eataral | 224 pateral molda 3rd natowl mods Fluttar wods
(pazoumnt 1)
(ao) | (d0)| (20}~ |(2na)|(20g) (eow)|  [(008)|(¢eg)| (4s2)
Model A | 17.23 |129.1{0.11R0 o B,22)|13:47/19.95 | Ik.57 |- |Bet | =~ | 280 (Ref| - 0 - imer]| 1B | 0 | 138
Unswept untapered wing
vmm%mgnm 1| 19.00 1307 1235 55 2.30{13.33/15.48 | 14.63 |- |Ref | - | 180 |Haf| - ] - |Bet| 26| 0 | 22§
losy a, =
Sapwolts msber ¥ 37T, Tr | 16| 2838 |361.2) Ju390] .20 |2.27]10.00[29-k0 .;f:g per | - (2B0(me| - | 0 | - ||| - |
17| =8.%0 |161.3] .1390| 2T.7T- |2.2% B.ow]iB.oe| 10,80 |~ |Mef | - | 180 [Rer| - 0 - |mef] O 0 '3
18| e9.65 |15%.9| .1k20] 33,33 {8.15] 8.99(|1B.3T] 0.9 (~|Ref | - | 1B0|Raf| - ] - |Eef] 0 0 8
LN LY ig| 29.2 |153.1 Jkop| .90 |R,.08] 8.03[17.80 m:& ~|Raf | - j1B0(mar] - | © - |Ber| O 0| &
g0] er.h0 |188.% 1355 M0 (2.0 8.08(17.22 ( 12.87 |- [Ref | ~ | 280 - & - |xe2| © 0 0
f 21| 3.5 [17.2] TS| 0,00 | L.89) A.A3)16.63) B.00 [-{Rer ] - ]| 1RO - L - |ze2! 0 o | 180
| ;33 (IR MW W0 | A.TB| 9.0918.29) B.90 (-{Ref | - { 1BO\Ref{ - Q o |Ret{3e6] ~ | 230
: i Y | | sm (ze.s] uss] gL [n.er|ao.otlimse] &8z l-lmer | - [Bo|mee] - | o | -[Ree] 0 [0 | @
2| sy |260.0 0| 66,66 |1m[r28{15.60| T {-(mer | - [ olmer| - | @ | - |Bef| B | - | @7
i 29| a2.77  [1TR.s| 1m0 TRL20 | L9|12.TS|15.% n&igo ~|2ef | - | 150 Rer| - Q = temelmma | = | amn
s 2p m 33-1‘ J-TR-T . T{lm 1.3 Ja,ﬂ- J.'J.m Igi?’w = st - J.ﬂ:l m - Q - m— - - i
H— o1l 9.00 | BB.9] .oveo] 8330 [1.30|apslmeBafazan [~imer] - [2%0]|mer| - 1 0 | - |mer| T3 { 0 | @
28| 0.08 n:i 0 TS - T [N U U Ty N (O R ey pu A B S FY TR BN T
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TABLE T.— EXPERINENTAL DATA ~ Continned

Phase—angle rolationshlp of baoding mnd torsliooal strasses.

et " vt | soan ogi:’m n“%::‘)’i" (Bef indicotes refarsnns mtrain-gage trace)

{(Ibfeq rt)|{fre ) |mmbar | from root e r— 2nd natural mode 3rd natural mods Tlutter mode
il IR Py ey TN TR SR R N EN P (S BN E
Modal B 29| 292 |1f2.0fo.mag| —11.11 (257 |w91(20.30] 12.12 |Rerf - | - | o |Ber| O | 0 |180(|mer|2% | O | 2%
B"’x :n; viags 30| 29.29 |161.8 .1k16 o 2.48 1k.91(20.23| 11.28 |Rer| - - 0 |Ber| © 0 | 180 |Ber| © ] 0
'dﬁ;rf.ﬂm‘m 1| 271.22 |156.2] .1369 5,93  |2.48(1k.5% (18.87} 11.30 [Rer| O - 0 |Rer| 0 0 |[180|Rer) O 0 Q
Begnolds number ¥ 5310.2¢, [ o[ 25,30 [250.6] 1313] 1.1 [e8[ie.8af17.20] 10,2k [Bet{ 0 [ - [ o [Rer| 0 | ¢ |180|mar|nn | 0 [ a2
33| 22,13 |140.9| .1229| 16.66 |2.k6a0.m1[1T.2k| B.96 |Ret| O - 0 |Rar| O 0 | 160 [Ret| O 0 ]
| =051 |135.7] .1183] e2.20 2,44 6.82(17.99] T.85 |Ret| O - 0 |mary O 0 | 180 |Rer| 0 0 0
ml 2110 [137.7| -1200] o7.TT  |2.41| 7.75(17.88] 6.T9 |Rer! O - 0 |Ref| © 0 | 180 (Rer| O 0 0
36| o7.8% [158.%| .1380| 33.33 |2,38| T.09]1B.02| 625 |Rer| O | - | © [Rer| O [ O |1BO|Rer|2x | O | 2%
37| 53.17 (219.8( .1918| 3B.90 |2.27| 6.76|1B.00| 5.96 (Rer| 0 - 0 |Ret| © 0 |180|Rer{262] 0 | 162
| B 99.90 [206.5] o585 mko  [2.6] 6.7s[a7.63( %535 [mer] 0 | - [ o |Rer| 0 | 0 |10 ([Rer] 0 [ 0 [
39| 1k.50 |327.9] 2088 s0.00 [2.0k; 6,06[17.%4] 216.96 |Rer| © - 0 {Bef| © 0 | 180 [Rer] 0O 0| -
& ' / bo| w30 [366.8] 23] esm0 |nen| Toasiir.e|[ ™8T Rt 0 | - | o [mer| 0 | o [180(Rer|12 |22 | ©

aj w80 |38, .3357| 611 |1.78] 7.94(16.88) %28.6 [Rer| 0 | - 0 [Rer] 0 | o | 2180 Poor record
1 w2| 130.60 {389.1] .m0} 6.6 |1.65] 8731882 .§'_’5§° sot| 0 | - | o lgee| 0 | o |18 5ee| o | o } 180
' 83f 16120 [392.7) .me1| TR20 1| 9.32[15.8% .;133" Be? o got| 0 | o | 180{mer| 0 | -- | 180
b 75.28 |26h.2| .2200 77.80 |1.M1(10.30|15.26| 15,88 |Rat| O ] 0 [Ref| @ o | 18¢|Rer| © 0 °
! gl 33.89 |176.L] .1525| 83.30 |1.33|10.7k[1k.78| 13.70 |Rer| Q 0 0 ¥o recard Ret| O 0 0
: 1 . 1| a6 [113.5) L0080 88.00 |1.24|10.91]18.11 ,g:? get] 0 | 0 | —==lmet| = | = | 0 [oee]ome | o= | -
_—.}—_-=-|-=-=$ 47 9.5 | 93.3] .080s| 9n.40 |2.16|10.48[13.90 %13:1;5 Ref| O 0 | 180 |Ber| O 0 O |ama| cue | = | -
48 8.52 | 83,1 .0160| 98.60 |1.10| 9.92[13.63| 12,50 (Ref| O 0 | 180iRer| © I ] ] Rafl L o | 328
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TABLE I.—~ EXIFERTMENTAL DATA ~ Continved

5 O T O ot Ml i -y sy vy Ty Sy
1 B2 1n/ag £4)) (o8 ) [mumber (n-m) Hatural 2nd natural xofe | 3 natwl nods |  Flutter mode

T e [ ) 3 | e o] e e, e ek

Model B k9| 27.00 |13T.k[0.3393| © £,50(14.89(20.18 | 12,11 |Ref| ~~~ | ~ { O {Rat| 0 { O |180(Rer| 2% | O [ 2
““:?m vinas s0| 26.79 |196.9] .1390] 1111 {2.a9|ak.m8le0.2 ! Lon{mael 0 | - | o frer{ 0 | 0 [o|mer] 0 | 0 | 15
"'iﬁtmfn'ful;ﬁga,-o 51| 27.00 |17.7) J3%5| 16,66 |2.48(14.08]20.00 | 10.80 (Reri O | ~ | O IRer|{ 0 | o [1B0(mer| 0 [0 | ©
Roynolds muder ¥ SUT.O%el 00T o6 g0 | 186.6] J13k5] 21.77 | 2.K7|10.51|20.00 | 9.2 |Raz] 0 | ~ | O |Ra| 0 | 0 | 180 |Ret|3%0 | o | 33
53| 28.33 |261.7| .13%9| 33.33 © {2.40| 9.45|18.67 | 8.60 (Rer o | - O(Ret| 0 ] © J-em|Bee| 0 | 0 | ©

A se| 3599 |182.6] .1%69] .90 (2.3 8.97(18.57| 833 (mer| 0 [ - | o mer 0 | 0 |.fm| 0 [0 [0

- ss|  41.03 ]19%.1] .1675] M40 |2.20] B.87[18.00 | w.T1{Ret| O ] - OfRef| 0| O |-em|met| 0 | 0 | O

- / 56| k1.03 |19%.1] .2675| ®0.00 |2.06] 9.33)117.19 | 13.% {Ref| © - 0 |Ref| O 0 Joem |Ref|{ O | © 0

57| 31.68 {18T.Y .605] 30 [L.93] 9.78[16.81 | *13,23{Rez] - | - | O |Rer] O [ 0 |-m{met| O | 0 |-

~1' 1 =8! »8.25 j@12.2] .18R0| 6111 ]1.80(10.86{16.39 | ®5.80 |Re?| ~~- | - 0 {zet| 0 -_o 1B0{Ree{ O | 0 |--a

. ! 591  A3.70 [R01.9] .1730] 66.66 {1.6T{12.31{158.22] T.T® |Ref|~~- | ~ 0 |Bef] O 0 |480iRer] © 0 |-

: 60 .. ko.ao' k.9 15701 TR.20 |21.55{13.50|16.11 | T.%0 |Ref| ~=< | = 0 |Rer] O 0 1&0 Bef! O 0 {---

' €11 37.Ta |287.5 .1608| 7TT.80 {1.h5{1k.06[16.331 6.99 |mar| © o 0 [Raf| © 0 |280{Rer] 0] 0 |-

16l 3.8 [19.8 0% 83.30 [1m|wz.ms.13] alaee] 0 | 0] 0 [reef 0] 0 {28072t 0 0 {---

v—:l__+__ b 63 31,00 |1T0.0 JA%5} 9h.hO ‘1.1511.9015.28 4.3% |Re] 280 | © 0 [Ref{ O 0 | 180 |Rer} © 0 (+]
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TARLE I.— EXIPEHIMENTAL DATA — Oontlnoed

Diatance Fregnencios Phaso-angle relationship of bending ard torsicnal miTesses.
odel fan ar Tr | Mach | of weight (ope) (Ref indicates refsrence strain-gage trace)
(1v/eq rt)| (fpe) |umbor (;:: ;:o: e . 2od naturel ods purpra— A ——
wt| 2ma | 3re 123 Telaf2]3s[ R [1] 2 3 | &
(ang) |(4eg) | {dea) (d0g) ((dog) | (20g) (deg) |{20g) |(d8g)
Model O 68| w02 [190.7|0.1670| —9.8k |2.ok|17.%2|e2.35 | 13.33 | Rer| 180 | - 0 |Ret| © - 0 |80 |Rer| 180 | 1n | o
B“wp: 5’3”‘““‘“’ é3| »0.72 [193.1] .1670 0 2.93|17.55]21.% | 13.62 | Res| 280 | - 0 |Ber| 0 0 | 180 |Rer| 280 | 1k | 19
'.1$;:::d-ﬂ-ius 1eadine 66| 33.50 |17.6| 1310 13.88 | 2.92]|13.T0J19.7 | 1Lkl | Ref| O 0 0 |Rer| o 0 | === {Rat|-— | O o
Renolds mmber T 7306.2v,) ¢71 30,98 [168.2| Lus0| 19.8%  |2.92[an.k3feeee- 10.19 |[Bet| 0 | 0 | @ ¥o racard Ret| 36| 1% | 1B
&3] os.9¢ |183.8| .1328| 24,00 |2.B8] 9.TL{20.51 | B.7% | Ref| —— - Q |ree] BRaf [ = 180 |Rat| =8 | 12 16
63 27.78 |1%9.2| .1373| 30.% |2.88| B.40j20.B83| 6.12 | Ber| 180 | - 0 |BEef| 0 0 |18o|rat] & | 33| 39
70| 36,84 [1B3.3 .1585| 36.11 |2.8| 7.7h|er.21| T.00 |Rer| 1801 0 | 0 |Rer| 0 | DO | 1Bo|Rer] 208 | 205 | 9
-~ 7| 96,88 [299.3| .2600 k1.67 |2.70| 7.32|20.83 nga'ﬁo Ref| 180 | 0 | 0 |Ret] 0 | © [ 180 Refar to recort
72| 126,10 [3%3.3] 2589 u7.22 |2.33) 7.33|20.51 | O3h.20 | Rer| 180 | © Ref 0 |180| Refer to rocord
7 o ] 366.1| 3189 | s2.TT |2.38| T.5%|20.33 | B37.90 | Ber| 180 | © Ret| © 0 | 18¢| Refsr to recort
p | ™| 2e.00 [465.8] .xomo| 38.33 |2.13] B.10[20.00 af,,?go Rer| 180 [ - | 0 |Bor| 0 | 0 | 180| Rafer to recora
75 [Amiting tumnel veloaityl 63.89 |2.00| B.8|19.23 | ~---—| Baf| —- | - 0 {Ber| 0 | 0 | 180 No flmtter
N ' 76| 216.60 |459.8] .3995 | 69.M% |1.81( 9.46|19.h0 | 22,20 | Baf| - [ © | O je-[Rer [ 0 [ 180 |Rar| T9 | 32b |22
77| 126.30 [3Ms.k| 2996 | T5.00 |1.68/10.20|28.7% | 18.33 [Bet| © | © | 0 {-——|Rer | . | 280 |mer| 129 | 0 | 32
8| 68,53 |os1.2| .217h| 80.% |1.59|01.12|17.78 | 1T.02 | Bef] © 0 0 (oo |Ber | - | 280 [Ref| 362 | «u- 0
' I 791 36.7% (183.h! 1581 | 86,11 | L.55|1.T6|16.9% | 15.00 | Ref| © 0 0 (Ret| 280 | 180 ] O [Ret| 152 | 158 | 3T
tl'___._|_2-p 80} 2111 |138.B 1195 91.67 | 1.35]|11.T0{1%.91 | 14.67 | Ref| O 0 Ret| 1680 { -~ | O [Rer| 165 | --- _3_50_
T_T_° Bif 15.28 |[18.1] .1013| 9722 [1:oM|11.32[15.20[™3.33 (Rer] 0 | © | 180 Rer| 180 | 0 | o |met| 125 | 3B | 6

®Nota osolllograph resord, figare 1.

w5

Hed6T WS YOVN

Lt



TAEIE I.-- BIFERTMENTEA, DARA ~ (oneludad

81

" . v | m mf:?“ Phan mu&mubwmwmsu-m.
F“‘ (1p/aq £t)|{Zpa) [aomber (m) ——— o P Eera—— pry—
Int|mnd | 3ea |PPbter [T 2 [ 3 [ & |2 2 | 3 | » | 1]2 |3 ] &
(2og) ] {dog) [(2 _|{do) | (Aag) | dog) |(dag) | (ang)]
Modal 0 fe, LO.9R |1s@.T{0.1670| © 2,94 17,50 2,35} 13,33 |Ref| 280 | - | O |Ref( © | O | 180 |Rer|1E6E| O | B
Ewezt o viogl 83 .5 {190.0| uge| 13,88 [e.967.orj22.5| 13,64 [mer( 10| - | 0 |mer| 0 | 0 |2ojmerfiro| 0 | 8
v’*ﬂtﬂm’ o w0 (8] 3% [#e7] 8] @0 [essphasieio| 12,00 Jaer| 0| - | O [Rer| O | O | 180 |Zeris a1 8
Reynolds mober § TSUGv,| 89] 31,23 [igh.3] .1678| 30.33  [e.gopR.kafe1.80( 9.82 |Ret| 230 | - 0 |Rer| 0 0 | B0 (Ret| 50 | b | 3
.r( 8] »uas |193.9) .6m8] 6 {eesfu.omjenee| 10.00 |Rerf180{ - | o |Rer| o | o | 80{mer| 50| | &
ar| w89 |230.3) 195w MLET R.T3PO.N20.39]| 5.2 (Ref[ B0 | - | O |Rer] @ | O |2BO(Ref| 23] 0 | M0
. T 83| T2B |90.k( 2058} MT.22 ]2.60[0.21|25.7T] 1n.6% |Ref| 180 | - 0 |Ref]| O 0 | 120 [Re?| © 0 | me-
| Y| Taar [em8.3] mesei se.rr |2.42]o.ng|19.06] 15.58 |Bet| 380 - | O (Ref] O | O |~ Bef| O | O | O
] g0 77.20 |egm.1] .aw] .33 Je.swhukeis.es| 15,28 imet| 180 - | o {aet] 0 | o jiBOlmer| 0 | O | ---
3 ! ¢ s=.98 lag6.n] e8| S8y [e.08132.6%|1T.89| 10.00 |Rerj1BO{ - 0 |mar{ o 0 |B0[Ret]| 8 O | -
s | 8659 |aB1.k] .o0E0] E9.4% |1.90{k.R1|17.50] 10.00 |[Ber|1B0 | 0 0 [ast{ © 0 |180|Ref| 20 O | ==
gn| e.gr |2R.8] 251 TR.00 |L.TAPS.3 m.aa' 10.91 |Ref 280} © o |a=f{ O 0 |[180|Rer{2B0 (| O { -~
' 1o} TLzh (2sh.2{.e2en! B0.26 [1.60[8.20|1B.50 M.89 [Rer|280| o | o |met| 0 | 0 |2BO|Rer]BA ] 0 | -—-
oy w L™ To Zimiber best mmde | 9157 7.6 fN15{1T.35 o reocxaiRef | 280 | 0 [ O [mer| 0 | 0 ] 2180 ¥o recad
_ "%“—f-‘ | 5.6 [mAs|.as8| ot Jimpeslisre| sm jmer[10] o} o ae| 0 | o (om0 ] 0 [
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" (a) Model A; A = 0% e, = —1.

Figure l.-— Oscillbgr'apli records taken at flutter.
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(b) Model A; A = 0%; e, = O.

Figure -l.— Contlnued.
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(c) Model B; A = 45°, e = ~1.

' __'Figu're 1.— Continued.
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(d) Model B; A = 45°, e
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(e) Model C; A
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natural frequency nodal lines
natural frequensy nodal lines

(a) Unswept, untapered wing; e, = —1.

Figure 2.~ Progressive change 1ln nodal lines with spanwise weight position.
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(b) Swept, untapered wing; A = 45°, oy = —L. . .

Figure 2.— Continwed. =~ -~ _
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(c) Swept, untapered wing; A = 60°, e, = —L.

Flgure 2.— Concluded.
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SNAtA

24
—a—~Eatural frequsnoy
s —&-Flutter fraquency
20 . : '
o———e———'—-—g\& -
S S N T B B e i e
éz 12 Ho\\ \h\ } Lo— 81 & " r-w
- b g .
Eg. M\Na\’::"g‘”"ﬁ /
s S PR i e N
> g
e |
4
- 18t _ -
% 15 20 ) o 5% b ﬁi{o JB % 100

Distance of welght from root, peroent |

(b) Model A; A = 0% e, = O._

Figure 3.— Varilation of first three natursl frequencies and flutter

frequency with

welght posltion for the veriocus models tested.
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Figure 3.— Continued.



30

NACA RM LIF2k

—a—
—-

tursl Crequsncy
tter freguency

iR
)
4
/

20 -
25\1 :
—— :
\ T~
16 E ’ - &\ “:\&
R e e \ .\B\l
12 T, , /3\0_
s = : ad
5*‘ t'——v—:e:_.a.
L 1lt -
P - h Or - O P—e—o——e | &

055 ~1o 0 16 20 £3) %o 50 7o
Distance of welght from root, peroent I

(e) Model C; A = 60°; e, = —L.

Flgure 3.— Continued.
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Figure 4.~ Concluded.
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