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TRANSONIC FLUTTER INVESTIGATION OF TWO 64° DELTA
WINGS WITH SIMULATED STREAMWISE RIB AND
ORTHOGONAL SPAR CONSTRUCTION

By George W. Jones, Jr., and Lou S. Young, Jr.
SUMMARY

An experimental investigation has been made in the Langley transonic
blowdown tumnel of the transonic flutter characteristics of two 64° swept-
back delta wings. Each wing had simulated streamwise ribs and orthogonal
spanwise spars, but one wing had a different stiffness and mass than the
other. Flutter was obtained on the more flexible wing at several Mach
numbers from 0.79 to 1.28 and on the stiffer wing at Mach numbers from
0.84 to 0.97.

At a given Mach number, the value of the mass ratio at flutter dif-
fered for the two wings by a factor up to 2, but the data were correlated
by use of a parameter consisting of the flutter-speed coefficient divided
by the square root of the mass ratio. As the Mach number was increased,
the dynamic pressure required for flutter and the flutter frequency
increased by a factor of about 2 at a Mach number of approximately 1.05;
this increase is interpreted as a change in flutter mode. Reference
flutter speeds were calculated by use of streamwise two-dimensional
incompressible aerodynamic coefficients in a coupled modal analysis.
These calculated flutter speeds were too high for the low-frequency
flutter mode by 11 to 28 percent and too low for the high-frequency
flutter mode by 11 to 35 percent.

INTRODUCTION

Although delta-~wing plan forms are in present-day and projected use
for high-speed aircraft, little is known about the transonic flutter char-
acteristics of this type of wing configuration. An exploratory investi-
gation has accordingly been made in an attempt to define some of the tran-
sonic flutter problems of delta wings. The investigation, which was made
in the Langley transonic blowdown tunnel, consisted of transonic flutter
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tests on a 640 delta-wing plan form (aspect ratio about 2) which simu-
lated in a crude manner one of several general types of delta-wing
construction in present-day use.

The model construction simulated spars normal to the fuselage plane
of symmetry and streamwise ribs. Flutter points were obtained in the Mach
number range fram 0.79 to 1.28 with the model cantilever mounted at zero
angle of attack without body freedoms. The effect of variations in the
mass ratio was determined at subsonic speeds by use of a s=cond, stiffer
model which also had simulated streamwise ribs with orthogonal spars.

The results of the investigation are presented hereir together with
a comparison of the experimental flutter speeds with those calculated by
a simplified method. Also included is a comparison of the measured vibra=
tion modes with those calculated from measured structural influence
coefficients.

SYMBOLS

a streamwise distance from strip reference axis to strip
center-of-gravity location, positive if center of gravity
is behind reference axis, ft

b streamwise strip semichord passing through influence coef-
ficient stations on strip, ft

by reference wing streamwise semichord, mean geometric exposed
semichord, ft

fi measured coupled natural frequencies (1 =1, 2, 5, or L), cps
8h structural damping coefficient in bending
hy contribution of the ith linearized mode to nondimensional

vertical displacement of a wing strip reference axis
(L =" 2 ¥or 3]

To® mass moment of inertia of streamwise wing strip of width o
about the strip reference axis, slug-ft2

M Mach number
md mass of a streamwise wing strip of width &, slugs
mg mass of wing sections (s = 1, 2, 3, . . ., 20), slugs, (fig. 4) y

a dynamic pressure, % pV2, Ib/sq ft
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Sa®

static mass moment of streamwise wing strip of width © about
strip reference axis, positive if center of gravity is
behind reference axis, slug-ft

ratio of wing thickness to streamwise chord

free-stream velocity, ft/sec

flutter-speed ratio, ratio of experimental flutter speed to
calculated, or reference, flutter speed

streamwise distance from leading edge to center-of-gravity
position, fraction of streamwise chord

vertical deflection of wing

vertical deflection of wing at a point where an influence
coefficient was measured (s =1, 2, 3, . . ., 20)

contribution of the ith linearized mode to torsional deflection
of a wing strip about the strip reference axis (i =1, 2, or 3)

width of wing strip used for reference flutter-speed calcula-
tions, ft

nondimensional distance along exposed wing span,

Spanwise distance measured from wing root
Length of exposed span

- Exposed panel mass
(Exposed panel span)(ﬂpbre)

mass-ratio parameter,

sweepback angle of leading edge, deg
air density, slugs/cu ft
angular frequency of flutter, radians/sec

angular coupled natural frequencies, 2nfi, radians/sec

angular coupled predominately torsion frequency, w3,
radians/sec
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Subscripts:
e experimental values
R calculated values

MODELS

Wing Geometry

A sketch of both delta wings showing plan forms, basic dimensions,
and construction is given in figure 1. Each wing had a leading-edge
sweepback angle of approximately 64° and tips clipped along streamwise
lines. The wing sections had a rounded leading edge over the first
4 percent chord, straight parallel top and bottom surfaces to 85 percent
chord, and a straight taper on top and bottom from 85 percent chord to
a sharp trailing edge. Along the span each wing panel had a nearly con-
stant ratio of thickness to chord except that near the tip the thickness
ratio increased somewhat. (See fig. 2.)

Wing Construction

Each of the wings was constructed from a blank of 2024 aluminum
alloy which was shaped into two panels, as described in the previous
section, with an integral mounting block, as shown in figure 1. One
panel of each wing was modified so as to roughly simulate spars normal
to the fuselage plane of symmetry and streamwise ribs. The formation
of the simulated ribs and spars was accomplished by cutting a pattern
of circular holes, some of which were connected by streamwise saw cuts,
through the solid 2024 wing panel. On both modified wing panels the
holes and cuts were filled with lightweight, low-stiffness foam plastic
and wrapped with a sheet of 0.003-inch-thick fiber glass. TFigure 1 shows
that wing 2 has a pattern of streamwise saw cuts which is different from
that of wing 1. The difference in patterns of the saw cuts changed the
number and location of the simulated spars and, along with a slightly
greater thickness for wing 2, resulted in wing 2 being stiffer than wing 1.

Wing Physical Parameters

Measurements were made on wings 1 and 2 of the first four coupled
natural frequencies and node lines, the exposed panel mass, and the
structural damping coefficient in bending. Values of the structural
damping coefficient were determined from the decrement of free-bending
vibrations in still air. The measured frequencies and node lines which
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are presented in figure 3 were obtained by use of an electromagnetic
shaker mounted close to the root (see fig. 3); sprinkled salt crystals
depicted the node lines at the natural frequencies. On the basis of
repeatability of the data the measured frequencies have an accuracy
which varies from about 1 percent for the lowest frequency to about

2 percent for the fourth frequency. The calculated node lines and
frequencies of wing 1 which are shown in figure 3 will be discussed
subsequently.

Structural influence coefficients were measured at 15 points on
wing 1. The values of the influence coefficients obtained are given
in table I(a). The points at which the influence coefficients were
measured are shown in figure 4 which will be discussed in more detail
later.

Fach influence coefficient was obtained in the following manner:
The wing was firmly clamped in a horizontal plane to a massive mount.
A traveling overhead support held a depth micrometer which was used
to measure the deflections of the wing. The micrometer could be read
directly to the nearest ten-thousandth of an inch and interpolated to
the nearest fifty~thousandth of an inch. In order to ascertain when
the pointed end of the micrometer (radius about 0.015 inch) touched
the wing surface, a direct current electrical circuit containing a
neon test lamp was rigged between the wing surface (which was coated
with a conducting silver paint) and the micrometer point. When the
point touched the wing, the neon test lamp 1lit and a reading was taken.
A spark jump as the point neared the wing was virtually eliminated by
a high resistance in the circuit. A micrometer reading was made of the
wing position with no load on the wing, then a weight was hung at the
desired station and another reading was taken. The loading-deflection
reading procedure was repeated several times for each influence coef-
ficient. The deflections thus obtained were averaged and then adjusted
to give deflection per unit load.

For use in frequency calculations the matrix of table I(a) was made
symmetrical by the following procedure: Each influence coefficient of
table I(a) was weighted (multiplied) by the number of deflections averaged
to obtain it. Then the sum of each weighted pair of supposedly reciprocal
influence coefficients was divided by the total of the weighting factors
to give the final influence coefficient value. Influence coefficients at
five additional stations (fig. 4) near the root were interpolated from the
adjusted measured values and assumed zero deflection at the root. The final
matrix of adjusted and interpolated influence coefficients used for fre-
quency calculations is given in table I(b). In table I(a), 78 percent
of the off-diagonal elements were within 3 percent of their corresponding
adjusted values in table I(b), and 92 percent were within 6 percent.
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After testing, the exposed modified panel of wing 1 was cut into six
streamwise strips; and the mass, the mass moment of inertia about the
assumed strip reference axis, and the center-of-gravity location of each
strip were determined. The methods used to measure these parameters are
discussed in reference 1. Each of the wing strips was then cut into
sections associated with the influence coefficients and the masses and
center-of-gravity locations of the sections were determined.

The division of wing 1 into strips and sections, the points at which
influence coefficients were measured and inferred, the assumed strip refer-
ence axes, the section center-of-gravity locations, and a list of section
masses are given in figure 4. Table II gives physical parameters of the
wings as follows: Table II(a) lists some basic physical properties of
wings 1 and 2; table II(p) lists the measured mass properties of wing 1;
and table II(c) lists some computed deflection properties of wing 1 which
will be discussed subsequently.

APPARATUS AND TESTS

The instrumentation, tunnel characteristics, and testing technique
are described in detail in reference 1; only a brief description of these
items is given in the following paragraphs.

The flutter tests were made in the Langley transonic blowdown tunnel
which has a slotted octagonal test section measuring 26 inches between
flats. During the operation of the tunnel, a selected Mach number from
subsonic Mach numbers up to supersonic Mach numbers of about 1.4, which
is set by an orifice plate downstream of the test section, can be held
approximately constant (after the orifice is choked) while test-section
pressure, and thus density, is varied. The density range is approximately
0.001 to 0.012 slug per cubic foot.

The delta-wing models were cantilever mounted at O° angle of attack
in a cylindrical sting fuselage mount which covers the mounting block
shown in figure 1. The sting fuselage mount extends without change of
diameter into the subsonic-flow region of the tunnel and thus prevents
the formation of bow shock waves which might reflect from the walls onto
the model. The fundamental bending frequency of the sting fuselage mount
with model attached is approximately 15 cycles per second.

Basically, the instrumentation was as follows: Wire strain gages,
located as shown in figure 3, were used to indicate model deflection about
two different axes. A recording oscillograph was used to obtain contin-
uous records of the strain-gage signals, tunnel stagnation temperature and
pressure, and test-section static pressure. The records of the strain-
gage signals were used to determine the start of flutter and the frequency
of wing oscillations.
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The Mach number range over which flutter was obtained on the wings
was from 0.79 to 1.28, but an attempt was made to flutter the wings at
Mach numbers up to 1.35 and dynamic pressures up to 4,500 lb/sq B

ANATYSTS

Calculation of Frequencies and Mode Shapes

The symmetrical matrix, table I(b), of adjusted and interpolated
influence coefficlents measured on wing 1 was put into the matrix equation:

{5} = os2[1]me] {vs} (1)

where I 1s the matrix of influence coefficients. Equation (1) was
solved for the frequencies of the first three coupled natural vibration
modes and for the nondimensional vertical deflections of each of the

20 influence-coefficient stations of wing 1 in these three modes. As
shown in figure 4, the 20 influence-coefficient stations of wing 1 were
generally not located exactly at the center-of-gravity positions of the
influence-coefficient sections. As a check, a matrix of influence coef-
ficients at the center-of-gravity positions of the wing sections was
inferred graphically from the values of table I(b) and is presented in
table ITI. The matrix equation (eq. (1)) using this matrix was solved
for the frequencies and wing section deflections of the first four natural
vibration modes. A comparison of the measured frequencies with the two
sets of calculated frequencies follows:

Results using Results using
Measured | influence coefficients | influence coefficients
Mode frequency, of table I(b) of table III
s
- Frequency, | Deviation, | Frequency, |Deviation,
cps percent cps percent
First 108 107.9 -0.09 108.7 0.65
Second 253 21k -15.3 23 -3.8
Third 342 361 5D 370 AL
Fourth bgl | eeeme | cmemaa 463 =5.7

From each set of frequency and deflection calculations on wing 1,
the node line associated with each calculated frequency was obtained
graphically from cross plots of the computed deflection of the wing in
that mode. The computed node lines which are shown in figure 3 appear to
be in good agreement with the measured node lines.
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In figure 5, plots of the calculated vertical deflections of each
wing strip of wing 1 in the first three coupled modes computed from the
influence coefficients of table I(b) are presented (dashed lines). The
deflections shown have been normalized by the extrapolated deflection of
the tip of the quarter-chord line. The deflection curves show marked
chordwise bending in the second and third mode for some of the strips.
Tn order to simplify the theoretical flutter-speed calculations the chord-
wise bending of the strips was removed by fitting a root-mean-square
straight line to each of the strip deflection curves (solid lines in
fig. 5). Since strip 5 has only two influence coefficient stations and
strip 6 has one influence coefficient station and an extrapolated slope,
the calculated and linearized deflection curves for these strips in
figure 5 colneide.

The vertical translation of the strip reference axis and rotation
about the reference axis for each wing strip as cobtained from the linear-
ized deflection curves are presented in table II(c) for each of the first
three coupled modes. The values in table II(c) of the angular deflection
about the strip reference axes are normalized by the extrapolated values
of the angular deflection of the streamwise tip chord about the tip of
the quarter-chord line.

Calculation of Reference Flutter Speeds

Theoretical or reference flutter speeds were calculated for wing 1.
These reference flutter speeds were computed by the use of streamwise two-
dimensional incompressible aerodynamic coefficients in a coupled modal
analysis. The frequencies used in the analysis were the first three meas-
ured coupled natural frequencies and the mode shapes used were those of
table II(c) which were obtained as discussed in the previous section.

The influence coefficient stations on each strip lie along a stream-
wise strip chord as shown in figure 4, Each strip reference axis is the
1ine normal to this strip chord at its quarter-chord point. In the ref-
erence flutter-speed analysis, since the strip reference axes were effec-
tively the same as if the wing quarter-chord line had been chosen for the
reference axis, there was a simplification in the aerodynamic terms.

The equations of motion and the procedure for computing the coeffi-
cients of the flutter stability determinant are given in the appendix.
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RESULTS

General Comments

For each of the flutter points only the modified wing panel fluttered.
The other panel of solid 2024 aluminum was tested simultaneously, but it
was too stiff to flutter in the density range of the tunnel.

The operating characteristics of the tumnel were such that frequently
during a single test run (a test run is defined as one operation of the
tunnel from valve opening to valve closing) the tunnel operating curve of
dynamic pressure as a function of Mach number intersected the wing
flutter-boundary curve of dynamic pressure required for flutter against
Mach number more than once, In such instances, each point of intersection
is presented in the data.

Slightly more than half of the start-of-flutter points were readily
determined from the oscillograph records. Each of these starts of flutter
was characterized by a change from random wing motion to continuous sinus-
oidal oscillations accompanied by an increase in oscillation amplitude.
For these flutter points, when both sets of strain gages were operating,
the frequencies of both strain gages were the same at the start of flutter.
For the remainder of the flutter points a period of intermittent sinus-
oidal type of oscillation preceded continuous flutter and obscured the
exact start of flutter. Such periods are designated low-damping regions
as in reference 1 inasmuch as the sum of the aerodynamic and structural
damping is near zero. Where low damping occurred, two data points were
selected: one point near the start of the low-damping region and the
other near the start of continuous flutter following the low-damping
region. Both data points are presented in the tables and figures.

Presentation of Data

The results of the investigation are listed in table IV. The first
four columns of the table contain a description of the chronological
behavior of the wing during each test run. The first column gives the
wing identification number, the second column the number of the run,
and the third column the chronological number of each data point during
each run. The fourth column contains code letters (defined in table IV)
which describe the behavior of the test wing panel at the time of each
data point.

Some of the experimental results tabulated in table IV are plotted
as functions of Mach number in figures 6, 7, and 8 for both wings 1
and 2. Figure 6 is a plot of dynamic pressure at flutter; figure T is

__jﬁi__; and figure 8 is a plot of the flutter
b fie

a plot of the parameter
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frequency normalized by the third natural frequency, which is designated
as the predominantly torsion frequency. It should be noted that for the
point at Mach number 1.28 in figure T the corresponding ratio of frequen-
cies has not been plotted in figure 8 because the flutter frequency was
not obtained. A typical history of Mach number and dynamic pressure
during a tunnel run is shown for wing 1 in figure 9. Experimental results
normalized by analytical results are shown for wing 1 in figures 10

and 11. Figure 10 shows the variation of flutter-speed ratio with Mach
number and figure 11 depicts the corresponding variation of the ratio of
experimental to calculated flutter frequency with Mach number. In
figures 6, 7, and 10 the low-damping regions are indicated by dashed
lines which extend from the start-of-low-damping point (marked only by
the lower end of the dashed line) to the continuous-flutter point (marked
by a symbol at the upper end of the dashed line).

DISCUSSION

As shown in figure 6, flutter was obtained on wing 1 at Mach numbers
from 0.79 to 1.28 and values of dynamic pressure from 878 to 4,206 1b/eq £t.
Wing 2 was stiffer and slightly heavier than wing 1, so that the dynamic
pressure required to flutter wing 2 was nearer the upper limit of the
tunnel dynamic-pressure range. Consequently, only four flutter points at
Mach numbers from 0.84 to 0.97 were obtained on wing 2 although it was
attempted without success to flutter wing 2 at Mach numbers up to 1.2
with dynamic pressure up to about 4,500 lb/sq ft. The dynamic pressure
required to flutter wing 2 at a given Mach number was about double that
required for wing 1. (see fig. 6.) Table IV shows that at a given Mach
number the density and hence the flutter mass ratio up, differed for the
two wings by a factor up to 2. (Compare, for instance, the values of
wing 1, run 13, point 2 with those of wing 2, run 2, point 2 in
table IV.) It can also be seen from figure 6 that for wing 1 at low
supersonic Mach numbers there is a very sharp rise in dynamic pressure
required for flutter. These data can be discussed with more facility
by making use of figure 7. In figure T, for the two wings investigated,
the data obtained are shown to be correlated by the parameter

V.
= , which was also employed in reference 1. This fact indicates

brahvﬁ;

v

that, at a given Mach number, the flutter-speed coefficient = E
Sy

for the two wings varies nearly linearly with the square root of the

mass ratio for these tests. Figure 7 shows for wing 1 at a Mach number

of about 1.05 a sharp rise in Ve which corresponds to the similar
b_.w
ravte
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rise in q. in figure 6. This sharp increase is interpreted as a change

in flutter mode. Additional evidence that this shift represents a change
in flutter mode is presented in figure 8, which shows a distinct jump in
the ratio of flutter frequency to torsion frequency at the same low super-
sonic Mach number as the shifts in figures 6 and 7. Similar shifts in
flutter mode on a delta-wing model are reported in reference 2.

The possibility exists that a second shift in flutter mode on wing 1
may have occurred at a Mach number of 1.24 as evidenced by a large jump
in dynamic pressure at flutter (see fig. 6) and frequency of flutter
(see fig. 8). The frequency ratio for the point at Mach number 1.28 was
not shown since the frequency was not obtained from the record; however,
the dynamic pressure at flutter for this point is given (fig. 6). The
data available are insufficient to draw a conclusion and the faired
flutter boundaries of figures 7 and 10 are drawn as though a second shift
in flutter mode did not occur.

The values of the flutter frequencies of wing 1 in the low-frequency
flutter mode (175 cps to 204 cps) are between the measured first and second
natural coupled frequencies, whereas the frequencies of the high-frequency
flutter mode (375 cps to 417 cps) are, with one exception, between the
measured third and fourth coupled natural frequencies. The one exception -
wing 1, run 10, point 4 - shows a flutter frequency of 500 cps.

Special note should be taken of the regime below the flutter boundary
for the high-frequency flutter mode. During the tests, because of the
tunnel operating characteristics, a start and stop of flutter in the low-
frequency mode was always obtained before flutter in the high-frequency
mode was encountered. This sequence of wing behavior is illustrated in
figure 9 which is a history of tumnel dynamic pressure and Mach number
during tunnel run 11 on wing l. The circled points in figure 9 are taken
from the data given for run 11 in table IV. On every run, as dynamic
pressure increased in the regime between the stop of flutter in the low-
frequency mode and the start of flutter in the high-frequency mode, some
random and intermittent oscillations were noted which were followed by
a significant intermittent response of the wing to tunnel turbulence
(fig. 9). These intermittent oscillations of the wing were of approxi-
mately the same frequency as the low-frequency flutter mode. As dynamic
pressure increased, intermittent oscillations of the wing at a frequency
near that of the high-frequency flutter mode superimposed on the low-
frequency oscillations and gradually replaced them (fig. 9). After the
high-frequency intermittent oscillations, flutter in the high-frequency
mode began and continued up to the highest value of tunnel dynamic pres-

sure reached during the run.

The reference flutter speeds calculated for wing 1 as described in
the "Analysis" section had several limitations: The use of two-dimensional
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aerodynamic coefficients was unrealistic on such a low-aspect-ratio,
highly swept delta wing. The aerodynamic coefficients were also
incompressible ones which precluded the possibility of predicting the
change in flutter mode which was probably caused by changes in aerodynamic
loading with Mach number. In addition, the effects of chordwise bending
on the aerodynamic forces, as well as on the inertia and elastic forces,
were neglected. In this comnection, it might be pointed out that the
neglect of chordwise bending distorted the true mode shapes and destroyed
the orthogonality relationship so that the off-diagonal terms of the mass
matrix which were considered to be zero were actually not zero. Only the
first three coupled modes were used in the analysis. Since the frequency
of wing flutter in the high-frequency mode was, with one exception, between
the frequencies of the third and fourth coupled modes it might be expected
that, in addition to the use of correct aerodynamic coefficients, the
inclusion of chordwise bending and the fourth and perhaps higher coupled
modes in the analysis would be required to predict the flutter character-
istics. The inclusion of chordwise bending might also have improved the
correlation at low Mach numbers.

In figure 10 the flutter-speed ratios for wing 1, which were obtained
by dividing the experimental flutter speeds by the reference flutter
speeds, have an average of about 0.72 at Mach number 0.80. The flutter-
speed ratios increase with Mach number to a value of approximately 0.90
at Mach number 1.05 where an abrupt shift in Ve/VR to a value of about

1.13 occurs. After the shift, which is attributed to the change in
flutter mode, the flutter-speed ratios increase steadily with Mach number
to a value of about 1.35 at Mach number 1.28. As shown by the flutter-
speed ratios of figure 10, the reference flutter speeds were too high
(unconservative) for the low-frequency flutter mode by 1l to 28 percent
and too low for the high-frequency flutter mode by 11 to 35 percent.

Figure 11 shows that agreement between experimental and calculated
flutter frequencies in the low-frequency flutter mode (values of we/wR

around. 0.95) is somewhat better than the agreement between experimental
and calculated flutter speeds. However, in the high-frequency flutter
mode the calculated flutter frequencies were much too low as shown by
values of “b/wR of about 1.9.

CONCLUSIONS

From a transonic flutter investigation of two 64° sweptback delta
wings having streamwise ribs and orthogonal, spanwise spars but different
stiffnesses and masses, the following conclusions were obtained:
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1. At a given Mach number the values of the mass ratio for the two
wings differed by a factor up to 2, but the data were correlated by use
of the parameter consisting of the flutter-speed coefficient divided by
the square root of the mass ratio.

2. On the more flexible wing both the dynamic pressure required for
Tlutter and the flutter frequency suddenly increased by a factor of about
2 at a Mach number of approximately 1.05: This increase is interpreted
as a change in flutter mode.

5. Reference flutter speed calculations made for the more flexible
wing using streamwise two-dimensional incompressible aerodynamic coef-
ficients in a coupled modal analysis were too high for the low-frequency
flutter mode by 11 to 28 percent and too low for the high-frequency mode
DS EeN 55 ipercent .

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 13, 1956.
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APPENDIX 3
EQUATIONS OF MOTION FOR REFERENCE FLUTTER-SPEED CALCULATIONS

The equations of motion used for the reference flutter-speed calcu-
lations are derived in reference 3 and are as follows:

(D12> .
AL - (G?) (l + 1gl) + C11 §l + C12§2 + C15§3 =0

2
L igg)} + Cpppbp + Cozbs = 0

Copkq + < Ap [1 = <%2—)

2
Cz16y + Caobp + A5|:l - (U—Z-) (1 + igB)jl + Cx50 k5 = O

where gi(t) = gi OemyC is the generalized coordinate which is a function
J

of time, the amplitude of which expresses how much of each normal mode is
included in the general vibratory motion.

The necessary and sufficient condition that solutions for the simul-
taneous equations of motion exist (other than él =Ep = 55 = O) is that

the determinant of the coefficients equals zero.

The coefficients in the equations of motion may be broken down as
follows:

Ay

P + P + Pz

A2=CP4+CP5+CP6

=
W
|

=197 o0+ Pg
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where the values of ¢ for wing 1 are

15

as follows:

P = Z mh128 = 0.00011499 Ps = Z Iaa,226 = 0.00000024200
¢, = Z L a“125 = 0.0000018522 Pg =2 z Sqhp0sd = =0.000002773k
P35 = 2 Z Sy h1® = 0.00001211% P Z mh528 = 0.000059833
Q) = 2 mh226 = 0.0001086k4 Pg = Z Ia%za = 0.000015351
Pg = 2 Z S 5050 = -0.000026389
and the summations are over wing strips 1 through 6. The Cij terms
are.
a G F G |
F T ol i i
C = np |0 -ch + =0z - i([— @), + — 0O +__._(p>
kil il GI‘2 2 kI‘ 5 <kr L kI' 5 kr2 2
= =
F Gr 1 Fr Gr
G = MPl0= = L O +-—<I>-i<—<b P =B I B
2 5 kre 6 k. i = O e kr2 6> i
[ F G B Fr Gy
o RN el (R, S R alf= st = Gy o O
15 P 9 k 2 10 kI' Cbll l<kr - kr 11 kr2 10
|3 T
e 1 e
R
i Fr Gy. 1 Fr Gr
o w8 ¥ —50o t g Og -i<—k;®l9+k—1"®18+_§®l7
0 Ky Ky i
[ Fr Gy ik Fr Gr q
Gz, = A - —— D fl—nat el g R B
2ea= TR 00 krg Pl e 22 (kr 23 Tk, 22 kr2 21
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where F, and G, are the Theodorsen functions

L9_k‘r2 kT

Ky Ky
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Fr Gr el Fr Gy
C3p = #Bldg = =5 Gol, + &= 05 - 1(" o6, Ha o5 we ol

Fr

Czo = mp|dpy = —= @ +-G£<I> - 12 gpg + =
3 20 29 ke 28 k'r 29 ke

e

F

C i GI‘ o (1AL
o =0 e e il e e e e

Ky

brw

and ky = - and the values of @4

Il

P10t P12t % P15

0.00049930
2b : = 0.00056098

r P33 = 0.0005609
2br(®ll ] @15> = 0.0021970

oy (913 + 916 ) = 0.00015015

i 1 )
Pr7+ 3 %9+ 5 %2 * g P23
-0.00033548

20, (9, + @pg) = -0.00062021

erpEO + @24> = 0.000066768

9

(S

15

1y

kS

1)

Fr

{7

for wing 1

el
o8 + 5 ¢2%>

G
@52 + L @51>J
AL

corresponding to 7
T

are as follows:

p)

- 15 ik
=%25 * 3 %27 7 5 %30 * § Y51

= 0.00018040

= 2br2@29 = -0,000551T5

= 2br<®26 + @28> = 0.00062875

= erp28 S @52> = -0.00025036

2
= 2br @54 = =0.00025457

= 2br(¢l8 + @55) = =0.00094354

= oy (053 + @py) = -0.000094898

=055 & P

8

Pyo = 0.00044528

-
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17

@)
18
(0

19

20

23

22

25

N

2br2¢59 = ~0.000027012

2br<$56 i @58> = 0.0014210

br6$38 - ¢u1) = -0.000022526
Pyp + 2 Py + F Py + 20
o ™ 3 Y T 3 YT T g Yh8

~0.00012882

2
2b_ 9, = 0.00078900
2erp45 4 @45) = 0.00017566
br(@u5 i @49) = 0.0002686k4

2br2@51 = 0.00029982

25

26

27

28

®29

s

@51

®52

%5
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2o, (%p6 + ¥50) = 0.0011821

= br(¢5o + @52) = 0.000026320

2br2@55 = 0.00017780

= 2br(cp45 4 @52) = =0.000%260k4

_ br6$52 + ¢u9> = 0.0000177%
= 9s), + Dog * % Psg = 0.00012599

= 2br2¢58 = -0.00036476

2brcp55 + @57) = 0.00044084

o br(®57 i @6o> = -0.000020573

The following values of ¢ for wing 1 can be evaluated from table II
(the summations are over strips 1 through 6):

I

j{ 'b2h128 = 0.00042157

j{ bhy® = 0.0039323

0.000071649

o
N
=
Fb
=
(o]
Il

0.00051504

o
o
3
Fb
!_1
(o4
I

Py = ji bhiay® = 0.0045975
2
Pyg = j{ bhal ® = 0.000016207
_ 5o 2e, &
P16 = j{ b’a,“® = 0.000092856

S
'_.J
—
I

o 2 . &
}Z bh hB = -0.00031040
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o1

Pan

Il

]

1l

Il

z bhyhyb = -0.0014950

Z b5hla28 = 0.000026839

2 -
Z b%h a8 = 0.00025751

D bhyasd = 0.0026438

D ©7hpa16 = -0.000080K7T

>

b“alagzs — 0.0000046340

3 _
Z ba b = 0.000052808

Zb2hlh36 = 0.00021445%

thlh56 = 0.0020758

Z b5hlox36

)

2
b hla o)

]

]

-0.00015097

-0.00080303

th .8 = -0.0045219

)

E: L

)

3
b h3a16
b alaBS

9
b ala56

Il

0.000056820

-0.000045483

-0.00021057

Ps5 = Z b2h,a &
@5y = ) bhpmd
P35 = Z b2h226
936 = ) by

P37 = Z ©2h,0,0
Pz = D D0
Pz = Z bha,0

Puo = Xb“a :

g = ij“e% =

oup = Y vihghsp
0y = Y Vhghsp
oy = Pngegp
Pys = D U hposd =
Py = ) bhgasd
Pyg = D Dhisaod -

NACA RM L56I27

= -0.00041701

= -0.0020863

= 0.00046584

= 0.,0029824

= =0,000021208

= -0.0001059%

-0,00022138

0.0000017402

0.000014730

= -0.00025049

= ~0.00078501

= 0,0002%529

0.0011406

= 0.0064663

0.000015340
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gy g
Pug = Z bl*q,eq,as = -0.0000097254 Py = Z b h5 8 = 0.00024409
Pyg = Z b50r,2oc,56 = -0.000052972 Pssy = Z bh528 = 0.0016278
2 = > &
Pog = Z by, = 0.00031713 Psg = Z v7h 0.6 = -0.000L7757
P51 = Z bhsa)® = 0.0024572 Vg = Z b2ha,B = -0.00073542
2 ) 2
95p = ) bPhyand = 0.00012502 Psg =  Dhyagd = -0.002989k
e th @,8 = 0.0014572 B z bt 25 = 0.00015805
5] 52 5 )
9o = Zb5a526 = 0.00065213
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TABLE I.- INFLUENCE COEFFICIENTS ON WING 1

Deflection Load Points
Belate | | 2 I 3 I i , 5 , 6 I 7t l 8 ' 9 l 10 l it 12 l 13 l 1k , 15 ] 16 j LT l 18 ’ 19 ’ 20
(2) Measured influence coefficients, % X 107
1
2
5
L
5
6 3.50  12.05 | 0.917 | 0.611 [ 0.4k | k.41 2.13 L7 0.832 3.40 1.9 | 1.62 | 2.84 3.00 2.9
T 1.88 3.33 il Sl 693 | T.43 4.08 2.92 12353 6.52 L34 312 Tl 5.84 8.50
8 582 2.17 Lo 2.36 1,78 5.0k 8.42 6.64 5el2 12.2 10.8 8.07 | 14.5 15.2 4.6
9 .662 |1.02 2.33 L.75 5.6k 2.72 6.62 | 12.8 14.6 10.3 d53 21.3 19.1 31.3 29.8
10 428 JT63 | 1.63 5.38 [40.3 1.50 3.48 | 16.4 50.0 741 20.9 51T 2.8 55.8 56.8
il 4.28 [7.43 L.88 [2.61 |1.58 [20.2 [15.2 8.67 5.20 | 27.0 Al | | Ay 27.3 20.2 26.6
12 2,40 |4.63 8.05 6.41 | k.00 |15.0 21.6 17.8 1551 39.8 36.2 | 29.0 | s2.2 b7 5k.9
13 1.23 2.69 6.22 12,8 1857 8.42 119.9 36.8 42.5 36.2 60.2 72.2 79.5 99.2 116
b LT85 [1..44 4.38 [14.9 |48.6 5.58 [14.8 43.8 134 27.3 T70.3 (175 93.3 200 202
15 3.31  |6.49 [11.5 |10.2 7.05 |28.0 |uo.4 36.9 2747 82.9 75.0 | 58.8 |109 97.5 115
16 1.83 |4k [10.1  [16.7 |e0.2 16.9 [35.2 | 60.2 7k 70.3 120 136 180 209 260
17 152 [3.28 | 7.93 [20.8 |[50.6 103 28.6 70.8  [174 57.8 135 328 202 455 513
18 3.05  |6.72 [14.0 |e0.2 |25.8 |o7.1 54.0 | 82.8 9.3 (110 188 202 337 348 L7l
19 2,55 |5.38 [13.0 [28.3 56.8 [21.2 |47.5 |102 201 99.2  |212 452 354 833 1,170
20 2.80 [7.08 |42 [29.5 [52.7 |[ak.2 54.8 |112 202 118 254 505 468 1,200 1,960
(b) Adjusted and interpolated influence coefficients, % x 109
1 0.12510.100/0.0850 [0.00667 [0.000833)0.220 |0.15% 0.0650  0.0580( 0.0325( 0.221 [ 0.150 0.0875| 0.0658| 0.199 | 0.133 0.090] o0.175 0.173 0.174
2 .108| .0370 [ L0117 [ .0108 167 .250 | .108 k2 L0750 417 .250 167 .158 367 So5) .150 375 .358 .383
3 125 | .0292 | .00833 | .ok17 | .0833| .225 J2h2 .108 .225 a7 317 .250 383 .358 333 L5 ko8 433
k4 .308 LOhg2 .0250 | .0333| .108 375 .233 117 333 500 583 167 500 583 917 1.25 1.25
5 2.92 .00833| .0250| .0833 2333 | 1.92 .0833| .29 .708 | 2.92 .0833 583 2.33 1.08 2.08 2,42
6 3.50 |1.98 .749 648 433 1 43k 2.30 [ 1.30 .800 | 3.33 1.86 | 142 | 2.98 2.82 2.89
7 3.33 |1.96 1.07 JTHO | 743 k.32 2.80 ST 6.50 k.37 3.20 6.92 5.67 .62
8 L.42 2.34 1.68 k.97 8.22 6.43 k.75 11.8 10.5 8.0n |Falii2 15,2 4.k
9 L.75 | 5.57 2.68 | 6.56 | 12,8 14.8 10.3 15.9 | 22,00 | 19.7 29.8 29,8
10 40.3 1.54 3.70 | 16,2 49,2 (725 20.3 512 25.8 56.2 54.8
il 20.2  115.0 8.50 539 [ 27.6 2 By Y e B G [87 200 20.8 25.4
12 21.6 19.2 14.9 1.1 55,9 | 28.8 5343 46,1 54.8
13 36.8 43.0 36.5 60.2 | 7.5 | 81.2 101 115
14 134 27.5 70.8 |174 93.3 200 202
15 82.9 3.9 58.2 [110 98.3 116
16 120 135 182 211 257
7 328 202 453 509
18 337 351 469
19 833 1,180
20 1,960

L2I9CT Wd VOVN
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22 NACA RM L56I27
TABLE II.- PHYSICAL PARAMETERS
(a) Wing properties

Parameter Wing 1 Wing 2

A dEE o o e © 5 & 5w re w5 o s R s s s 63.6 64
I T e e SR I 1.092 1.085
Panel span, £t « « « « o o o o o o o o o o o 0.421 0.418
Ben £l e el ST e e . 0.24T7 0.2k
Xogr BVE « v e e 00 o . 5 . o4k | —eeeee-
- S 0.0283 0.0216
] I 0.3158 0.2991
wE/% ................... 0.7398 0.7196
Exposed panel mass, SIUZS « o « « o o o o o 0.00587 0.00681
£15 CDS o o o o o o o o s o o o o s o o o o 108 160
£y CDB o o' s 4 @ & x s wies o @@ oss e 255 385
s, eps .+ .o . . : o @ e e Ew 342 S5

(b) Measured mass properties of wing 1
Strip md, L Sa®s 5, £t |b, £t |a, £t
slugs slug_ft2 slug-ft

IRt « P 0.00184% | 0.000187 | 0.0003435 | 0.056 |0.438 | 0.1866
Pie 5 o 5 e e .00188 | .0001219 .000268 | .0833 | .360 | .1434
S .00120 | .0000L30 .000128 | .0833 | .276 | .1067
R By AT .000674 | .00001297 | .0000483 | .0833 | .192 | .0716
B (e om ol e <ot o e @ .000241 | .00000173 | .0000084 | .0833 | .108 | .0358
6 5 50w e el e s s .0000413 | .00000005 | .0000009 | .0311 |.0521 | .0208

(c) Computed deflection properties of wing 1
Strip hy ho hz £41 % oz

1od . 0.00021 | -0.0017 | 0.004k4 | 0.00098 |0.00015 | -0.006k
2 T T e T L1, -.027 .039 L0267 | -.0019 | -.1250
;T e i o= A s .063 —.1h2 156 .1070 L0194 | -.4984
J s . .19k = .28k .158 .2597 0972 | -.8955
Dh Jo bek o e e e el b e L79 —.2h2 S1i6 .5970 5022 | -.6629
e s e .862 .596 .662 L9311 .8892 .5918




- L}
TABLE III.- STRUCTURAL INFLUENCE COEFFICIENTS INFERRED AT CENTER OF GRAVITY OF SECTIONS OF WING 1, % x 10°
Load Points
Deflection
points
0 2 3 N 5 6 7 8 9 10 11 12 15 14 15 16 17 18 19 20
il 0.2120.00833 0.0020] 0.00183) 0.00150 0.167 {0.0833)0.0333[0.0250 0.0250f 0.100 [ 0.075 0.055| o0.0417| o0.142 0.07335] 0.0558( 0.150| 0.117 0.117
2 .208 .0108| .00158| .00233 2158 | .250 | .133 | .0833 05k2] 317 L1671 .125 L0583 .175 .158 L0917 20T .200 +B53
3 -208 | .00750f .00833| .0375| . 12501 385 | 100 L0017 .267 458 233 192 bt 553 233 375 333 3h2
s 267 .180 0367 .06k2| .125 | .267 333 127 335 T 917 bt 617 817 .833 967 1.06
5 1.k2 <0333 .0583) .0858| .367 | 1.92 L0458  .187[ 1.04 2.08 .292 933 1.ko .58 1.23 1.25
6 3.12 [1.98 <758 | 587 L33 | 404 2251 1,21 825 | 3.12 ST 1.46 2.75 2.5T 3.10
7 3.35 11.96 .98 2758 1 6.50 | 4.32| 2.59 | 1.48 6.13 4,21 3.2 6.32 | 5.84 T7.85
8 hk2 |2.12 1.75 5.18 | 8.22| 6.0k 4.88 |11.k4 10.2 8.26 3.7 15¢3 14.8
9 5.07 | 6.22 2.52 | 6.25]13.5 16.2 9.92 | 17.2 =al it 20.3 28.2 27.9
10 55.0 1.57 | 4.25[18.2 | k1.1 7.58 | 2241 46.0 28.7 50.6 48.5
1 16.7 14.5 8.10 6.10 (24,9 16.7 12.2 25,2 22,2 28.3
12 21.6 (18.7 | 15.6 |38.3 | 35.1 29.4 512 ls 56.7
13 40.8 517 5558 64.7 79.6 85.0 |109 118
14 118 29.2 | 15.2 |152 105 183 177
15 0.0 18707 60.4 102 99.3 113
16 132 146 183 223 265
17, 303 226 Lo8 L3l
18 339 388 502
19 T6k4 %8
20 1,700

L2I9GT W VOVN
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TABLE IV.- COMPILATION OF TEST AND ANALYTICAL RESULTS

Wing panel behavior code:
F - flutter
E - end of flutter (dynamic pressure increasing)
D - low damping

Subscripts:
1, 2, 3 - associated with first, second, or third occurrence
of flutter during test run

NACA RM L56I27

Test Hing valval s " ra:h;ns e w :e, o Ye | B q:, Ve brae
sl e M| e s A e B
1 N F; |0.801|0.739[0.004416.55| 2149 | 1269 | 0.9572| 736| 997|1.387|1.878|1181| 0.3409 |0.4259)
1 20| Fy .856| .54 | .0025[29.13| 2149 | 1188 | .9276| 929|1233|1.751|2.323]|1083| .3244 | .3159
I 5 L Fy .873| .43 | .0023|31.67| 2149 | 1125 | .8836| M8|1276|1.785(2.403|1027| .3172 | .2931
2 Ey .89%| .759| .0023|31.67| 2149 Bl 968(1276(1.824|2.403|1070| .3240 |------
3 Fp .929| .785( .0023|31.67| 2149 | 1188 | .9330|1001|1276|1.886|2.403|1149| .3351 | .2931
N E, .962| .806| .0023(31.67 2149 [ —-=m [ -me--e 1028(1276(1.938|2.403|1218| 3443 [---mm
T 4 1 Fy .852| .716| .0022|33.11| 2149 1144 | .9012| 929]1297(1.750|2.44k4 [ 963| .3042 | .3042
2 Ey .892| .755| .0023|31.66( 2149 el e 963 [1276[1.814 |2.403[1056 | .3224
3 Fp L919| .775( .0023[31.66 2149 | 1181 | .9280| 988|1276[1.862(2.403(1113| .3308
i E, .975| .815| .0023|31.66[ 2149 | ---- | ------ 1039|1276 (1.957|2.403 |1234 [ .3478
5 D; |l.172]1.1k2} .0040}18.21] 21hg [ ---- | o-mme- 1178 {1031 2.219{1. 9432786 .5201 [--vmem
6 F5 |1.161(1.188| .0047[15.50| 2149 [ 2620 |1.9681(1155| 972|2.176]|1.832(3162| .5530 | .5603
1 | Dy .810| .766 | .0031]|23.50| 2149 | ---m | ------ 869(1135(1.637(2.138 1164 | 3377 |-=----
2 F .795| 764 | .0032[22.76| 2149 1257 | .9663| 8571121 (1.614%]|2.112]1184 | .3383 | .3623
1 6| 1 Fy .909| .750| .0022|33.11| 2149 [ 1152 | .9082| 973 [1297|1.832|2.hkk [1047| .3185 | .2924
2 By .58 .783| .0022{33.11] 2149 | —oem foeeee 1016 [1297{1. 91k 2. b0k 131451 13326 famumem
3 Dp [1.231f1.174 | .0040[18.21| 2149 [ 1257 | .9531|1211|1051(2.281(1.943 2943 | .5345 | .2564
i Fp |[1.236(1.214 | .0044]|16.55( 2149 2513 |1.8955[1209| 996(2.278|1.877|3214 | .5601 | .513k
1 (0 Dy 847 o726 [ .0024]30.35| 2149 | —m-m | --m-m- 910 |1254 |1.715|2.362|1008 | .3114 |------
2 F1 .905| .80 .0025|29.13| 2149 [ --om | -ome-m %2 1234 [1.812]|2.324 [1149| .3358 |-----=
3 By .980) .833| .0025129.13] 2149 | —mem §ommeme 1028 11234 11.93612.324 11328 1 .3588 |---m--
1 8| 1 F1 .810| 745 | .0029|25.12| 2149 | 1257 | .9723| 8681164 |1.63k4[2.195[1090( .3261 | .3577
1 9| 1 ) .821) .715| .0025|29.13| 2149 | 1169 | .9129| 882 (1234 |1.662(2.324| 976 .3080 | .3274
2 Ey .973| .8u2| .0027|26.98| 2149 | -mmm |--m-mm 1009 [11981.900|2.256 [13TL| 3658 |------
3 Dy [1.087[1.063 [ .004L|17.76( 2149 | =--on [----mm 1086 |1022|2.047|1.925|2402 [ 4857 [---mmm
I Fp, [1.070]1.131 | .0053|13.74| 2149 2450 |1.82851054 | 932]1.985]|1.755(|2926| .5355 | 5741
1 |0 1 F; | .852| .70L| .0022|33.11| 2149 | 1100 | .8666| 909 (1297 |1.713|2.444 | 927 .2977 [ .2989
2 E) | .992( .801 [ .0022|33.11| 2149 | ---- [------ 1039 (1297 |1.958 (2. 44k 1168 | L3402 |------
3 Dy [1.249]1.291 | .0053]|13.74| 2149 [ =—--= | —---mm 1202 932(2.265|1.755|3846 | L6111 [--w-mm
i Fp [1.238(1.313 | .0060(12.14 | 2149 | 3142 [2.3294 [1175| 894 |2.213(1.685 4152 .6351 | .6605
e B (] F1 813 .70k | .0025(29.13 | 2149 | 1150 | .8981| 868 [1234 |1.635|2.324 | 930| .3030 | .3272
2 E1 .935| .79 | .0025]|29.13 | 2149 |- 981 |1234 [1.849(2.32k [1192| .3425 [------
3 Do [1.152[1.126 | .0042|17.34 | 2149 [ --ee |-em-mm 1141 (1013 [2.149]|1.908 2745 .5161
L Fp [1.156[1.156 [ .0045]|16.19| 2149 | 2476 [1.8643 [1142] 988]2.152|1.862(2917 .5350
T Pazileg Fy .820| .680 ] .0022|33.11| 2149 | 1150 | .906k4| 882297 (1.662|2.4kk | 878 .2889
2 Ep [1.068| .872|.0023|31.67| 2149 [ === |-=---- 1113 [1276 |[2.096|2.403 [1410 | .3726
3 Do [1.294[1.338 | .0051[|14.28]| 2149 [ —-em |--m--- 1263 | 94k [2.380]|1.779|4039| .6297
I Fp [1.281[1.353 | .0056(13.001| 2149 [ ==-n |------ 1238 | 915 [2.332|1. 724 [4296 | .6468
Al g || Fy L7904 | 1695 | .0025(29.13 | 2149 | 1150 | .8983 | 854 [1233 [1.610|2.323| 924 | .2983 | .3326
2 Ey L9671 .84k | ,0027126.98| 2149 P 1011 1198 11.905(2.256 (1405 | 3667 |------
3 Dy [L.063[1.089 | .0045(16.18 | 2149 | ---- [--=--- 1076 | 988 ]2.027|1.862(2616| 5040 [-==---
L Fp [L.O4k4 [1.137 | .0054|13.49 | 2149 | 2513 [1.873k [1053 | 926 [1.983 |1. 744 |2995 | .5399 | .5895
2 ab || Ak Dy .918 [----- .0043[20.12( 3362 | 1571 |------ 956 |-=== [1.165 [ ===~ 1968 | .25% | .k010
2 Fy JOLT |-mmmm .0055(15.73 | 3362 | 1652 899 |---- [1.096 | -~~~ 2L6T| 2764 | Ju48k4
2 21 1 Dy 973 e .0052116.64 | 3362 | - 999 [---- f1.218}-ammm 2585 | .2985 |-eemm-
2 Fp | +966 |-=--- .0066|13.11| 3362 | 1759 932 |-=== [L.137 | ----~ 2892 | .3139 | .4605
2 Z N Fy B\ E— .0053[16.32| 3362 | 1678 [------ 1004 |---- [1.22k |-=e- 2662 .3031 | .4O78
2 I I Dy 820 |- .0058[14.91 | 3362 | -mmm [-mm--- 851 |---- [1.037 | ===~ 2098 [ .2686 [-=v---
2 Fy JBu2 e .0067[12.91| 3362 | 1816 [------ 859 |---- [L.04T |- 2475 | .2915 | .5158
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Figure 1.- Sketch of 64° delta wings showing construction details and
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Figure 2.- Variation of ratio of average thickness (over flat part of
wing) to chord along wing span for wings 1 and 2.
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WING / WING 2 =
Fundamental cant/lever Cﬁ>)
frequency, cps
108 Measured Measured Ffundamerrtal %
e /079 Calcvulated from table 7(5) = cantilever frequepcy,cps -
s 108.7 Calculated from toble II[ AN A Neo &
N R o)
i R
o ak .
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{ )
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) 49/ Megs. ’ A
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Figure 3.- Measured and calculated coupled natural vibration frequencies
and node lines, shaker location, and strain-gage positions. b3
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-
iy
5 NOTE: All dimensions in inches
Streomwise distance
Strip trailing edge to strip
reference axis, in. N
1 7.89 A = s WingEieterenceNayls
2 6.48 = (quarter -chord line )
3 4.97 %)
4q 3,46 =]
5 Zoos5 [T N e e e Strip reference axis
6 194
-\O (]
8] ® - Points at which influence
Masses  of ~ coefficients were measured
wing sections | L)
1 1 & & O - Points at which influence
Section Mass X ) , -
(slugs X 109), \ coefficients were interpoloted
! 63,60 R
B 5767 ———-\——-l O - Meosured cg position of
I 34,41 N + @ 8\ [ Ssection
} 1 p a
4 4177
T ¥
5 6,43
Numoers locate influence
6 | 3764 1 2 7 m\ ¢ i .
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Figure 4.- Sketch of wing 1 showing strips, influence-coefficient

sections,

stations, and section center-of-gravity positions.
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(a) First mode - calculated frequency 107.9 cps.

Figure 5.- Calculated strip mode shapes and root-mean-square strip mode
shapes of wing 1.
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(b) Second mode - calculated frequency 214.4 cps.

Figure 5.- Continued.
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(c) Third mode - calculated frequency 360.9 cps.

Figure 5.- Concluded.
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Figure 6.- Variation of dynamic pressure at flutter with Mach number for
wings 1 and 2.
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Figure 8.- Variation of ratio of flutter frequency to measured predomi-

nantly torsion frequency with Mach number for wings 1 and 2.
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Figure 10.- Variation of flutter speed ratio with Mach number for wing 1.
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Figure 1l.- Variation of ratio of experimental to calculated flutter
frequency with Mach number for wing 1.
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