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¢ FLUTTER TESTS (0S1) OF THE
0.02-SCALE SHUTTLE ORBLTER WING/ELEVON
SEMI-SPAN MODEL 23-0

By
Michael H. Kotch
Rockwell International

ABSTRACT

A series of simple wing/elevon flutter models of the Shuttle Orbiter
| were tested in the NASA Langley Research Center's 26-inch Transonic Blow-
down Tunnel. Flutter points were obtained for two levels of scaled elevon
actuator stiffness. This report makes no attempt to analyze the data ob-

- tained or draw a correlation to the actual vehicle; it provides a des-

’ cription of the wind tunnel models and the test procedures utilized in
this experiment.
Descriptors
Aeroelasticity
Flutter
Space Shuttle
Wind Tunnel Models i

Wind Tunnel Testing
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SECTION 1.
INTRODUCTION

This report describes the results of Test §S1 (TBT Test #545) con-
ducted in the NASA Langley Research Center (LRC) 26-inch Transonic Blow-
down Tunnel (TBT) during the period of 6 through 10 August 1973. The
configuration tested was the Space Shuttle Orbiter wing/elevon flutter
Model 23-0. Purpose of the test was to acquire, early in the design pro-
cess, experimental flutter boundary data in the transonic flight regime
to support analytical flutter predictions. Grumman Aerospace Corporation
(GAC) was responsible for model construction and for analyzing the test
results, which includes a correlation with analytical data obtained sub-
sonically with the Wright-Pa*terson doublet-lattice computer program
(AFFDL-TR-71-5), converfed to a flutter program in Task NAS9-10635-10,
and supersonically with the Mach Box method.

Preliminary model flutter boundaries (M vs gq) are presented for two
levels of simulated model elevon actuator stiffness. These boundaries
include flutter points in the subsonic and transonic flight regime. Also
included in this report are descriptions of the models and their proper-
ties and a presentation of tunnel test conditions and results.

Al1]l material presented herein is unclassified.
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SECTION 2.
REMARKS

A total of thirty runs was completed in seventy-two occupancy hours
for this test including nine hours for model installation.

The most frequent model flutter damage was loss of the outboard
elevon. In these cases, the damaged models were quickly repaired with
spare hinges and elevons. During runs #22 and #27, flutter was violent
enough to fracture the wing frame of two models (#1 and #2). Post-run
frequency checks were used to detect any non-visible model damage.

During run #2 the oscillograph paper jammed due to a defective sup-
ply roll. Data for this test were lost. Several of the model instrumen-
tation signals were lost during runs #9, #14, and #28, due to high-speed
flow in the test section plenum which pulled the model wiring out of its
protective sheath. These occurrences required a change of the model
wiring protection system during high Mach number test conditions.

Erratic traces of the model torsion signal, experienced on numerous
occasions, were found to be due to faulty tunnel cabling. The problem
was never severe enough to require repair. A similar situation with
the tunnel total temperature thermocouple was corrected by switching to
a backup thermocouple.

Camera coverage of the model was obtained for runs 3, 10, 12, 13,
23, 27 and 29. Film from these runs was edited and copies sent to SD,
GAC, and NASA-LRC.




SECTION 2. - Continued

During the test, it was felt that the flow over the model was not
sufficiently turbulent to excite flutter when the model initially entered
the flutter boundary. For example, Runs 4 and 20 in Figure 11 show Tow
response even when well into the flutter region noted. To insure turbu-
lent flow, grit was applied to the leading edge of wing #2 for run 22.
During this run divergent flutter was experienced, indicating the grit
may have had an effect. Because of the lengthy time required to apply
the grit and the test objectives had been reasonable attained, the test
was completed without transitions strips on the model.

High frequency, low amplitude oscillations were noted at several
points in the test (see Run 12 in the run schedule). It was felt at the
time that these oscillations may have been due to some unique arrangement
of shock waves in the tunnel. However, it was found using Reference 1
that no shock wave effects because of tunnel/model geometry were indicated
but that a high subsonic buzz condition might have existed for the elevons.

Reference 2 provides a descriptive outline of the possible buzz mechanism.




SECTION 3.
APPARATUS

3.1 Test Facility

NASA-LRC 26-inch TBT description provided by Chrv<slc+ (found in 3.1 of
DMS-DR-2067).

3.2 Model Description

Model 23-0 was a 0.02-scale semi-span model of the Shuttle wing/elevon.
The predicted full-scale frequency ratios (fi/fl1) and node lines of the
flutter critical modes were simulated to assure that the experimental

flutter mechanism was closely similar to that predicted by analysis.

Models simulating two full-scale wing/elevon configurations were fabri-
cated. The simulated configurations were the basic wing and;
1) 11 Hz inboard and 13.5 Hz outboard elevon rotation frequencies.
2) 11 Hz inboard and 11 Hz outboard elevon rotation frequencies.
The elevon frequencies were selected on the basis that an upper limit of
approximately 14 Hz on the full scale configuration could be achieved

because of elevon/wing back-up structure flexibility.

The full-scale stiffness distribution was used as the primary design i
guide for the models, with mass distribution playing a secondary role
in achieving the desired frequency ratios and mode shapes. Stiffness

distribution on the model was obtained by properly locating cutouts in

a tapering thickness aluminum alloy plate.




Aerodynamic contour was achieved by shaping end-grain balsa wood bonded
to the plate to minimize the stiffness contribution of the balsa wood.
The balsa was sealed with a sanding sealer for surface smoothness and
protection. Mylar strips were attached to the wing leading edge to in-
sure against flow penetration between the balsa and the base plate, and
to provide distinctive contrast of the wing for the movie film. The

elevon trailing edge was also painted orange for contrast.

The elevon frequencies mentioned above were simulated by beryllium-copper
flexures attached at the wing/elevon interface. For the 11 Hz/13.5 Hz
configuration, flexure thicknesses were 0.050-inch for both the inboard
and outboard elevons, designated (50/50) configuration. For the 11
Hz/11Hz configuration, flexure thicknesses were 0.050-inch and 0.040 inch,

respectively, designated (50/40) configuration.

The elevons were attached to the wing by hinges at the inboard and out-
board ends of each elevon, which defined the elevon hinge line. Each
hinge consisted of two small flexures which restrained any elevon move-
ment except rotation. Since the hinges acted as a torsional spring, con-
tributing to the rotational frequency, they were installed during the
pretest tuning cf the elevon frequencies. As there was no shear tie

between elevons, each elevon/hinge/flexure assembly simulated its own

rotational frequency.




To simulate a slab wing, steel flexures were installed on the elevons,
and the flexible hinges were replaced by tight fitting pins. This raised
the elevon frequencies sufficiently that the elevon rotation would not

be a part of the flutter mechanism.

The following model items were available for this test:
8 wing/elevon assemblies (Nos. 1-8)
6 spare elevon sets (Nos. 9-14)
3 spare elevon hinge assemblies
5 spare elevon flexure sets {11 Hz/13.5 Hz)
5 spare elevon flexure sets (11 Hz/11 Hz)

2 steel (rigid) elevon flexure sets

3.3 Model Nomenclature and Dimensional Data

Nomenclature for Model 23-0 is as follows:

W13 Wing
Ezq4 Elevon
X17 Transition Strip

The following two pages tabulate dimensional data for the wing and the
elevon, based on the VL70-000139 lines study-orbiter, modified to exclude
camber, twist, and dihedral. Also, the thickness distribution from

Yo = 108 to Yo = 199.045 has been reduced to aarge with the Model 30-0TS

design (see Reference 3) - to assure continuity at the wing/body interface.

Page 10 describes tne location of the transition strip on the wing lead-
ing edge.
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X17  Transition Strip
Description: Wing transition strip is composed of #220 carborundum grit
on a base of polaroid Print Coater. Nominal density of grit coverage is

10% of strip area.

Location: (Ful1-Scale Stations)

Strip midline starts at Xg 793, Y¢ 105 and extends to Xf 793, Y¢ 130.
From there the midline follows the leading edge cuff planform, 0.5 in.
measured perpendicuiarly from the cuff leading edge. The line intersects
the point X¢ 1045, Y¢ 185; from this point tie midline follows the 15%

chord Tine to the wing tip (see sketch below).

Strip width is 0.10 in.

XF 793

= === TRANSITION STRIP

S
-»—‘/
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MODEL COMPONENT: ELEVON - 24

GENERAL DESCRIPTION: Orbiter Configuration 3 modified.

NOTE: Elevon has some planform es E22 with different eirfoil

thickness for W1ll3

Model Scale = 0.02

DRAWING NUMBER:

Area - FT2 205,52
Span (equivalent) - IN. 353.34
Inb'd equivalent chord 114.78
Outb'd equivalent chord 55.00

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord .208
At Outb'd equiv. chord 400

Sweep Back Angles, degrees

.. - Leading Edge A ___0.00
L Taiiing Edge B iio.zu
Hingeline A 0.00

Area Moment (Normal to hinge line)- FT3 _1548.07

>

1

MODEL SCALE

—0.0822

—T120068

—R:2956
1.1000

208

400

0.0

-10.24

0.00

0.01238




MODEL COMPONENT:

WING=W 1113

GENERAL DESCRIPTION:

Orbiter Configuration 3 Modified

NOTE: Seme glanform es W103 (VL70-000129), except no dihedral, incidance,

*Aft of UOC:

Yoriard ot

twist, or cember. :
20

Q5. 5-61

Straight line extrapolation from Yo =

199.0.

t Mod tq nmatah thiclkness of

Model Scale =

section aft of .40C.

TEST NO.
DIMENSIONS ¢

TOTAL DATA
Area (Theo,)
Planform
Span (Theo In,
Aspect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees |
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root 2Theo) 8.P.0.0,
Tip, (Theo) B.P.
MAC

’ FUS. Stao Of 025 MAC
. w.p. Of .25 MAC
B.L. of .25 MAC \

EXPOSED DATA 2
Area (iheo) Ft
Span, (Theo) In. BP108
Aspect Ratio
Taper Ratio
Chords
Root BP108
Tip 1.00 b

- MAC
Fus, Sta, of .25 MAC
W.P, Of .25 MAC
B.L, of .25 MAC -
Afrfoil Section (Rockwell Mod NASA)
XXXX~64
Root%" @ Yo = 108

Tipb =
P 3

Data for (1) of (2) Sides

Leading Edge Cuff 2
Planform Area Ft

Leading Edge Intersects Fus M. L. @ Sta
Leading Edge Intersacts Wing @ Sta

Ft?

12

DWG. NO.

FULL-SCALE

2690.00
936.63

2.%62
1,177
0,200

0
0

:sz__;%.t

10350

MODEL SCALE

1

0. 200
—_— e

1 -
_O-~.
£43.00
10.26 ___
22,209

peM 387-6 _Exp. Dete 8/2/13
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3.4 Model Drawings

Model drawings describing this model are as follows:
Nunber Title
$S-S-00275 General Arrangement; Wall and Splitter Plate Supports
$5-S-00326 Basic Wall Mount and Side Plate
$S-S-00328 Wing - Assembly
$5-5-00329 Wing - Elevon
$S-S-00330 Wing/Elevon Fittings
$5-5-00332 No. 1

Wing/Elevon Fittings
$S-5-00333 No. 2

Wing/Elevon Fittings
$S-S-00334 No. 3

Wing/Elevon Fittings

§5-5-00335 No. 4 - Wing/Elevon Fittings

S$S-5-00336 Flexures

Model drawings are available from GAC. Reduced drawings of the general
arrangement and the wing/elevon are included in this report (Figures 1 and

2). Checkout of test items is summarized in Reference 5.

3.5 Instrumentation

Instrumentation on the model consisted of two strain gage circuits of
four gages each and two magnet-induction coil pickups. The strain gages
were located near the wing root and were used to measure wing bending
and torsion. The magnet-induction coils are located between the wing and
the elevon to detect elevon rotation. Figure 3 illustrates the model

instrumentation locations.

13




Tunnel parameter instrumentation consisted of two static pressure trans-
ducers, one total pressure transducer, and two total temperature thermo-

couples (one spare).

One high-speed (1000 frames/sec) movie camera was set up to view the

model from the side and record any model dynamic instability.

Model and tunnel parameter instrumentation was input through amplifiers
and signal conditioners. Resultant output was recorded on a high-speed
oscillograph. Also recorded on the oscillograph was a static pressure

reference, a 60 Hz frequency reference, and a "camera-on" reference.

Additional instrumentation required for pre- and post-run frequency and
damping checks was provided by LRC. This included a dual-beam oscillo-
scope, a vériab]e-frequency oscillator, an electromechanical shaker,

and a suitable amplifier to drive the shaker.

Figure 4 illustrates, in block diagram form, the arrangement of the test

instrumentation.

3.6 Model Installation

The model was installed on a splitter plate to isolate the model from

boundary layer at the tunnel wall. The plate was mounted on the starboard

wall of the test section, looking upstream (see General Arrangement draw-

ing; see also Figures 5 and 6).

14
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SECTION 4.
PROCEDURE

4,1 Test Conditions

Model 23-0 was tested at nominal Mach numbers of 0.55 to 1.3, and nominal
dynamic pressures of 2 to 30 psi. The actual test conditions for each

run is shown on the run schedule (Table 1).

4.2 Test Procedure

The general procedure adhered to for each run was as follows:
1. Install and visually inspect the model in the tunnel.
2. Perform sign checks of model instrumentation.
3. Perform the pre-run frequency and damping checks.
4, Make preparations to achieve the desired tunnel operating
conditions (Mach number and total pressure).
5. Perform instrumentation and system checks, including pre-run
pressure transducer and thermocouple calibrations.
6. Begin run, starting camera at pre-selected total pressure.
7.  Shut down the tunnel when the operating limit was reached
or when flutter occured. Take post-run calibrations.
8. Perform the post-run model inspection and frequency and
damping checks to determine if the model was damaged.
During a series of runs, where the model was not damaged in the prior run,

only Steps 4 through 8 were followed.

The sign checks performed in Step 2 above were to assure uniform trace

direction on the oscillograph record for all models. The sign con-

15




vention utilized was:
1. Positive bending - Tip up
2. Positive torsion - Leading edge up
3. Positive elevon rotation - Trailing edge down
The positive direction on the oscillograph traces was always to the right

of the zero line, facing the recorder.

The technique utilized to obtain a particular flutter point depended on
the region of interest and the known characteristics of the model response
in the neighborhood of this region, but aiways followed one of two ap-
proaches:
One approach was te set a constant nominal Mach number and increase
tunnel total pressure (and corresponding dynamic pressure) until

the tunnel operating 1imit or flutter was attained.

The second approach occasionally used, which was felt to minimize
the potential for damaging the model, was to slowly increase total
pressure to a selected value and then increase or decrease Mach
number until flutter was achieved.
This latter approach provided more data points close to the flutter bound-
ary, but used up a greater volume of stored air and did not always achieve
the desired Mach number and dynamic pressure due to the operating limita-

tions of the tunnel.

4.3 Data Recording

A11 tunnel and model instrumentation data was recorded with oscillbgraph

16
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traces, both during the run and during pre-and post-run frequency and
damping checks. Pressure and thermocouple calibrations to references,

and a thermocouple zero reading, were taken immediately prior to and after
a run to provide requisite deflection references for these channels.

Since only the dynamic response was of interest for the model instrumen-
tation, no deflection reference for these oscillograph recordings was
required (Run #1 cleared the model of any potentially excessive static
loads; for this run a nominal 10q§ was applied to the model and recorded
as a reference for that run). A 60 Hz reference trace was provided, how-
ever, to check the model frequencies. Figures 7 and 8 show typical

oscillograph traces to flutter, in these cases during Runs 12 and 27.

Model fluctuations during a run were also recorded on high speed movie

film, as previously mentioned.

4.4 Data Reduction

Mach number and dynamic pressure data were calculated using the measured
freestream static and stagnation pressures from selected points of each
run. These data were plotted on a typical operating characteristics

chart for the Tunnel (see Figures 9, 10 and 11) and used for determining

the conditions for the next run.

Points were selected from each run to be read from the oscillograph traces
by LRC personnel, reduced, and printed in tabulated form. Table 2 presents
the tabulated data format. The data reduction procedure utilized is summed

in the next section.

17




4.5 Equations and Methods

Constants:

Cy = 4290 ft2/sec2- °R

Y =1.4

R = 1716 ft2/sec? - °R

RHOSL = 0.0023769 slugs/ft3

: -1
Calculate M: ) - 172
0
_[ACEs) -1]
v-1

Convert T, from °F to °R

To (°F) + 459.69 = Ty (°R)
Calculate Tg:

Ts = To (1 + LLu)”

Calculate Q:

- 2
Q= '%” MPg
Calculate A:
Y
A =(y RTg)

Calculate V:
V=AM
Calculate RHO

RHO = %S

Calculate RHO/RHOSL:

RHO/RHOSL = %%ggr

18



Calculate VKEAS: 1/2
inl 2
VKEAS = [ 2 x 0 x 138 (In7/¢e) ] [0.5921 (kts/ft/sec)]

Calculate o'

T, R 8 1b
= —— - -SeC
Ho 2.270 To T 1986 x 10 —fz
Calculate RN:
Tg 198.6
Y~ + -
o= o Y T\ 2217 * T,
Ho (v-1) Cy To Ts ']":'"T§§T§
'o

Above procedures are from Reference 6, with the exception of the VKEAS

term, which is found in Reference 7.

19



SECTION 5.
RESULTS

5.1 Calibration Data

Table A-1, Appendix A, presents the pre- and post-run frequency calibra-
tion data acquired during the test. The frequencies shown are close to
the model frequencies obtained during the Ground Vibration Survey (GVS)
completed prior to the test, with the exception of the circled frequencies,
which indicated model damage. GVS frequencies are summed in Table A-2 of
the appendix, and node lina locations for the models are illustrated in
Figures A-1 through A-8. Measured mode shapes for wing #1 with 50-50
flexures are presented in Figures A-9 through A-13 and with 50-40 flexures

in Figures A-14 through +-18.

Frequency checks in the tunnel were simplified by being able to manually
vibrate the wing to obtain the first three modes, one wing first-bending
and the two elevon rotation frequencies. The fourth and fifth modes were
excited with the electro-mechanical shaker hand-held at a convenient high-
response location. Removal of the shaker enabled the model to shift to

its proper frequency (without the shaker mass).

Pre-run frequency examination for Run #30, where steel flexures were

utilized and the elevon spring hinges were replaced with solid pins, was
complicated by the fact that no prior GVS had been made of this configu-
ration. However, examination of the effects of the flexures on the fre-

quency ratios of the model (frequency;/frequency 1st bending), together

20
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with judicious selection of shaker location, allowed acquisition of the

first four frequencies, adequate for this particular run.

As previously mentioned, calibrations were made for the tunnel pressure
sensors and thermocouple immediately prior to and after each run. These
calibrations were utilized in tabulating data for selected points in each

run and are not presented explicitly in this report.

5.2 Tabulated Data

Tabie 3 presents the tabulated data for this test. Mach numbers and dy-
namic pressures from this data were used for plotting the flutter bound-
aries illustrated in Figures 10 and 11. Selected tabulated data points
of high confidence will be used in the post-test analysis being performed

by GAC.

5.3 Preliminary Model Flutter Boundaries

Figures 10 and 11 present preliminary model flutter boundaries for the
two simulated elevon actuator stiffness levels. As these boundaries must
be corrected to reflect actual flight densities instead of wind tunnel
flow densities - part of the GAC final analysis of the data - no conclus-
ions are presented in this report regarding the flutter boundaries ex-
cept that flutter points were obtained in the subsonic and transonic flow
regimes for both simulated elevon actuator stiffness levels. Due to the
operating 1imits of the tunnel and the rapid recovery of the flutter
boundary in the supersonic flow region, no flutter points were obtained

in this area.
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Figure 6. - Model Installation.
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APPENDIX A
CALIBRATION DATA

Table A-1 illustrates the pre-and post-run frequency data obtained
during this test. Comparing the results of the table with Table A-2, the
frequencies obtained during the GVS prior to the test, there is generally
good agreement. Note that for the post-run 15 and post-run 26 frequency
checks (Table A-1), model damage is evidenced by discrepant frequencies.

Since no GVS was performed for the Run 30 configuration (steel flex-
ures and pin hinges simulating a slab wing), comparison was impossible.
However, the frequencies obtained were in good agreement with what was
anticipated for this arrangement and approximate a slab wing condition.

Figures A-1 through A-8 in this appendix illustrate the node lines
generated during the GVS of the eight models. The modal shapes for .he
entire wing/elevon (wing #1 in these figures) are illustrated in Figures
A-9 through A-13 for the stiff/stiff elevon flexures cenfiguration and
in Figures A-14 through A-18 for the stiff/soft elevon flexures configu-

ration.
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Table A-1 Pre- and Post-Run Frequency Data

MODEL FREQUENCIES (Hz)
0B 1B , REMARKS

R | g | wrwvon Jewevon | 2] 2 | ° ?

PRE-1 | 2 2/.050 {2/.050 | 125| 218 | 262 | 4o8| 478 | FIRST 3 FREQ. OBTAINED BY
PLUCKING; LAST 2 BY SHAKER

PRE-2 | 2 2/.050 |2/.050 | 128 220 | 260 | 405{ 480

PRE-3 | 2 2/.050 | 2/.050 | 127 224 | 260 | 415} 480

PRE-4 | 2 2/.050 {2/.050 | 127 224 | 260 | 410] 476

PRE-5 | 2 2/.050 | 2/.050 | 125| 222 | 255 | ko4 | 463

PRE-5 2 2/.050 | 2/.050 | 125| 222 | 256 | 402 | 462 | REMOVING MODEIL, FOR
INSTALLATION OF #5

PRE-6 | 2 2/.040 | 5/.050 | 125| 215 230 | 400 | 475 | REMOVING MODEL FOR
INSTALLATION OF #5

PRE-T 6 6/.040 | 6/.050 | 125| 213 ] 235 | 415] 500

PRE-8 | 7 7/.040 | 7/.050 | 127| 220 | 248 | 420 | 480 | OB HINGES DAMAGED

PRE-9 | 7 7/.080 | 7/.050 | 127| 223 | 256 | 410 | 480

PRE-10| 7 7/.040 | 7/.050 | 126 ] 225 250 | 408 | 416

PRE-11| 7 7/.080 | 7/.050 | 125| 223 245 | koo | 476

PRE-12 | 7 7/.040 | 7/.050 | 125] 218 240 | 400 | 470

PRE-13| 7 7/.040 | 7/.050 | 125| 220 240 | 400 | 470

PRE-14| 3 3/.050 | 3/.050 | 130| 215 265 | 405 | 500

PRE-15| 3 3/.050 | 3/.050 | 128 210] 260 | 405 | 500

P-1q 3 3/.050 | 3/.050 | 127| 215| 239 | 393 | 485 | REMOVING MODEL

w16 | 2 2/.050 | 2/.050 | 124 | 223 265 | bok | 4&0

PRE-17| 2 2/.050| 2/.050 | 127] 225 268 | 405 | 485

POST-17 2 2/.050|2/.050 | 125| 217| 265 --| 485 | IB ELEVON DEFLECTED
UPWARD--REMOVING MODEL

PRE-18 | &4 4/.050 | 4/.050 | 129 | 214 | 265 | 405 | 480

POST-14 &4 4/.050 | 4/.050 | 130 | 214 | 265 | 410 | 460

POST-19 4 b/.050| 4/.050 | 130| 215] 265 | 408 | 465

PO3T-200 U4 4/.050 | 4/.050 | 130 | 217| 265 | 405 | 470

FRE-22 | 2 2/.050 | 2/.050 | 127 215 270 | 410 | 480

PRE-23 | 3 3/.050| 3/.050! 127| 218| 266 | koo | 485

PRE-24 | 5 9/.040 | 5/.050 ] 120 | 218| 235 | 400 | 470

PRE-25| 8 8/.040| 8/.050| 123 | 218| 243 390 | k72

PRE-26 | 8 8/.040| 8/.050 | 122 219 241 | 395 | 475

POST-26 8 8/.0k0| 8/.050] 108] 215 --| --| -- | MODEL DAMAGED - REMOVED

PRE-27 | 1 1/.040] 1/.050| 122| 205{ 233 | 400 | 480 | OB ELEVON DAMAGED

PRE-28 | & 10/.050]10/.050| 120 | 204 265| 390 | 480

PRE-29 | &4 10/.050|10/.050| 120 | 203| 263 ] 390 | 470

L_p -301 5 SOLID | SOLID | 120} 335] 470| 660 ] --
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(50/40 Config)

S Modal sShape - lst Frequency
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Figure A-12 GVS Modal Shape - 4th Frequency(50/40 Config)
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(50/40 Config)

- 5th Frequency

Figure A-13 .r7 Modal Shape




(50/50 Config).
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MODEL 23-0
WING #1 - 50/50 CONFIGURATION
f =

Figure £-15 GVS Modal Shape - 2od Frequency (50/50 Config)




Figurs A-16 GV3 Modal 3hape - 3rd Frequency (50/50 Config)
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WING #1 - 50/50 CONFIGURATION

£f = 481.2 Hz

MODEL 23-0
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Figure A-18 GVS Model Shape - 5th Frequency ( 50/50 Config)




