
. ~

NASA Technical Memorandum 85906
J

NASA-TM-85906 19860009841

o

Ground Vibration Test Results for Drones for
Aerodynamic and Structural Testing (DAST)/
Aeroelastic Research Wing (ARW-1 R) Aircraft
Timothy H. Cox and Glenn B. Gilyard

January 1986

Fr .... "I ,.... . .
[ H ",'q!~.ilLJ •..1" _ •

.L'\r~GLt:y I, .: .::~

NI\SI\
National Aeronautics and
Space Administration



3 1176 00191 8177



NASA Technical Memorandum 85906

Ground Vibration Test Results for Drones for
Aerodynamic and Structural Testing (DAST)/
Aeroelastic Research Wing (ARW-1 R) Aircraft
Timothy H. Cox and Glenn B. Gilyard
Ames Research Center, Dryden Flight Research Facility, Edwards, California

1986

NI\S/\
National Aeronautics and
Space Administration
Ames Research Center
Dryden Flight Research Facility
Edwards, California 93523





INTRODUCTION

Accurate structural modeling becomes increasingly important as designers continue
to develop more efficient aircraft designs. In particular, if active controls are
to be used on a wing to control structural modes, accurate knowledge of the model is
imperative to meet the design goals. One objective of the NASA program on drones
for aerodynamic and structural testing (DAST) is to investigate aeroelastic effects
in the high subsonic speed range and, in so doing, to develop and demonstrate the
use of state-of-the-art analytical techniques. The DAST program is a joint effort
of NASA Langley Research Center (LaRC) and Dryden Flight Research Facility of Ames
Research Center (Ames-Dryden).

The aircraft for the DAST program, a mo~ified Firebee II target drone vehicle
fuselage with a NASA-designed research wing, is flown in a remotely piloted mode.
The first aeroelastic research wing that was tested in the DAST program and desig­
nated the ARW-1 was a sweptback, supercritical airfoil with a performance design
point of Mach 0.98 at 13,716 m (45,000 ft). During its third flight, the ARW-1
encountered flutter and was severely damaged on ground impact. An overview of the
DAST program and results of ARW-1 flight testing can be found in references 1 to 5.
The vehicle was subsequently rebuilt retai.ning the same basic wing design and
designated ARW-1R (fig. 1).

As a result of some discrepancies between analytical and ground vibration test
(GVT) results and their associated effects on the ARW-1, a major objective of the
ARW-1R was to produce the best possible structural model for flutter analysis. This
report presents details of the complete vehicle, GVT configuration, test setup, test
procedure, analysis methods, and natural frequency and mode shape results. These
results were used to update the structural model for the final design analysis.

NOMENCLATURE

ARW-1

ARW-1R

DAST

FSS

f

GVT

g

K

MARS

aeroelastic research wing no. 1

aeroelastic research wing no. 1, rebuilt

drones for aerodynamic and structural testing

flutter suppression system

frequency, cycles/sec

ground vibration test

acceleration due to gravity

multiplication factor

midair recovery system
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x, Y, Z

~
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W

~

Laplace variable

conventional coordinate system

difference between measurements

damping ratio

phase angle, deg

angular frequency, rad/sec

natural frequency, rad/sec

AIRCRAFT TEST CONFIGURATION

To obtain the most accurate modal frequencies and mode shapes possible during
the GVT, the ARW-1 vehicle was configured as closely as possible to its flight
configuration. The nosecone, noseboom, engine, external fuel tank, wingtip masses,
and the aft section - which contains the midair recovery system (MARS) - were
installed for the test. In addition, a speed brake, designed for use as an emer­
gency deceleration device, was installed in the aft area of the vehicle (fig. 2).
Small, lightweight fixtures were used to prevent aileron motion (fig. 3), and heavy
tape was wrapped around the speed brake to minimize interference with basic aircraft
response 1 however, the tape did not touch the fuselage. The vehicle was unfueled
for all test configurations.

TEST ELEMENTS

Structural Support System

An overhead structural support stand (fig. 4) was constructed1 the vehicle was
suspended using the system air springs and 0.952-cm (3/8-in) cables. The cables
were connected to the two hook attachment points located on the top centerline of
the fuselage and used to carry the vehicle in its launch configuration.

Air Spring Isolation System

The vehiCle was isolated from the support structure by two nitrogen-pressurized
air springs (fig. 5) that were manufactured by LaRC and had a natural frequency of
wn = 2.39 rad/sec. The total length of the air spring and cable support system was
2.44 m (8 ft).

Test Equipment

Structural analysis system. - A GenRad 2508 structural test and analysis system
was used for the test procedure. The testing was performed with single-point, ran­
dom excitation.
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The actual data generation was a two-step process. First, an excitation sig­
nal was generated and recorded on magnetic tape. This process (fig. 6) was ini­
tialized by programming a flat force spectrum, specified over a frequency range of
5 to 100 H:l';' into the GenRad 2508. The system was used in a closed loop to generate
the random drive shaker signal so that the desired flat force spectrum was produced.
When the system converged and produced the desired spectrum, a 30-min recording was
made of the drive signal. Because of different vehicle response characteristics, a
different drive signal was generated for each new shaker location.

The second step consisted of replaying the recorded signal through an am­
plifier to drive the shaker while simultaneously recording the vehicle response
data. The amplifier gain was adjusted to produce the desired rms force level.
When the vehicle reached a steady-state excitation condition, the systemini­
tiated data collection.

Sensors. - The test and analysis system has a four-channel input capability;
typically, one force measurement and three accelerometer measurements that provide
three-transfer-function analysis capability for each run. The force was measured
by a force link that had a sensitivity of approximately 222.4 mV/N (50 mV/lb).
Figure 7 illustrates a typical shaker and vehicle connection. In addition to a
narrow diameter fuse-type rod connected to the shaker, the force link is isolated
electrically from both the shaker and the aircraft.

The three acceleration signals were measured by accelerometers that had sen­
sitivities of approximately 10 mV/g. The accelerometers were usually attached
directly to the aircraft with double-backed tape. However, in areas of significant
curvature, balsa wedges were used to maintain a normal coordinate system (fig. 8).

Shaker equipment. - Two different types of shakers were used throughout the
ARW-1R testing. A 44.48-N (10-lb) shaker was used in the vertical axis at the right
wingtip, but a 222.40-N (50-lb) shaker was required in both the vertical and horizon­
tal axes to obtain adequate excitation at the nose.

VIBRATION DATA

Test Coordinates

The wing and body test coordinates of the ARW-1R vehicle are listed in table 1
and illustrated in figures 9 to 11. Both spanwiserows on the left wing and the two
middle spanwise rows on the right wing (fig. 9) were above the forward and aft
spars. The chordwise rows were above the ribs.

Test Conditions

Three major tests were conducted to determine basic modal parameters and shapes.
The shaker locations were: (1) right wingtip (location 14 in Z direction), (2)
horizontal at the base of the nosecone (location 78 in Y direction), and (3) ver­
tical at the base of the nose (location 78 in Z direction), where X, Y, and Z are
axes in the" conventional coordinate system.
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Data Collection

The majority of the collected data consisted of single-axis measurements when
the primary modes consisted of single-axis responses. Tb verify anticipated axis
coupling, acceleration responses were recorded in two axes at selected test coor­
dinates for certain excitation locations.

A schematic of the collection process is shown in figure 12. When the aircraft
reached a steady-state excitation condition, the data collection process was ini­
tiated. The system has many data collection options that control the data actually
stored for analysis processing. The aircraft was randomly excited over a frequency
range of 5 to 100 Hz. The basic data analysis block size was 1024; data were
collected at 128 samples/sec, which produced an ensemble (record) length of 8 sec.
Each test run consisted of 100 ensembles using an overlap factor of 7/8. With a
record length of 8 sec, each new ensemble consisted of 7 sec from the previous
ensemble plus 1 sec of new data. Therefore, 100 ensembles with a 7/8 overlap factor
resulted in 107 sec of data collected for each test. Anti-aliasing filters of 50 Hz
were used on all data collected. When a test was completed and the data stored, the
three accelerometers were moved to new locations and the data collection process was
reinitiated.

Data Analysis

The analysis of a desired mode at a particular excitation point consists of
first identifying the modal frequency and damping from a transfer function obtained
from a test coordinate with good response characteristics. The mode shape data are
obtained by performing a single-degree-of-freedom fit of the remaining transfer
functions for the mode of interest. The result of this fit produces amplitude coef­
ficients for all the test points relative to the test point used to identify the
modal frequency. The fitting algorithm assumes normal modes.

RESULTS AND DISCUSSION

All identifiable modes were analyzed for their respective mode shapes. The sym­
metric wing model results were determined from the right-wing vertical excitation
location. Also included with the symmetric results are the vertical body bending
modes that were determined from the nose vertical excitation location. The antisym­
metric wing results were determined from the right-wing vertical excitation loca­
tion. Included with the antisymmetric results are the lateral body bending modes
and the vertical tail mode that were determined from the nose horizontal excitation
location.

Table 2 summarizes the frequency and damping of the identified modes, together
with the most prominent modal description. The symmetric mode shapes are presented
in figures 13 to 17, and the antisymmetric mode shapes are presented in figures 18
to 23. The tabulated mode shapes (amplitude coefficients) are presented in tables 3
and 4 for the symmetric and antisymmetric modes, respectively.

The mode shape data have units of cm/N (in/lb) and result directly from the
transfer function analysis; the data were not normalized in any other respect.
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Therefore, magnitude comparisons should not be madeerom one mode to another unless
the same excitation point was used for the identification of each mode.

Symmetric

The symmetric first wing bending mode is presented in figure 13. The node line
is near the line where the glove fairing merges into the basic wing. Amplitudes
increase with increasing wing station to the outer wing area, where data points in
front of the front spar and aft of the rear spar have some apparent scatter. The
maximum deflection occurs on the wingtip mass. Although this mode is the most pro­
nounced of all identified modes, it was the most difficult to fit and its mode shape
quality is poorer than nearly all other mode shapes presented.

The primary cause of the poor fit quality is that a fixed frequency increment,
~f, was used in collecting the data. The lower the frequency of data, the poorer
the quality of fit. The problem is best illustrated in figure 24 where two second­
order modes are presented, each with the same damping, but with the second mode hav­
ing a natural frequency larger than the first by a factor, K. Thus, for equivalent
magnitude levels,

If a constant frequency resolution of ~w is assumed, the respective number of samples
in resonance peak is

number of samples

and

= K x number of samples

Hence,. for a fixed ~w, the number of data points over the range of interest decrease
as modal frequencies·decrease. In general, improvement in this mode can only be
obtained by reducing ~f, which requires an increase in the ensemble time and there-
.fore total test time.

The second symmetric wing bending/torsion mode is presented in figure 14. The
mode shape definition is good with node lines appearing near the wing root and in a
lateral direction on the outer wing proceeding to the wingtip. The outer wing node
line is very close to the flutter suppression system (FSS) accelerometer location
(see table 1 for coordinates). Because this mode interacts with the first sYmmetric
wing bending mode to produce flutter for closed-loop flutter control, the acceler­
ometer location is critical. Again, the maximum deflection is observed on the
wingtip mass.

It should be noted that, although mode shape definition is good, an apparent
aSYmmetry was detected near this mode, as evidenced by a second mode appearing
0.30 Hz higher. From a detailed analysis of this area, it was concluded that a wing
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asymmetry caused this problem. The left wing dominates at the higher frequency, and
the right wing dominates at the lower frequency. The mode shape results that are
given are also representative for the higher frequency mode.

The first vertical fuselage bending mode is presented in figure 15. The node
lines are immediately forward of the engine inlet duct and near the root midchord of
the vertical tail. Nearly equal maximum deflections occur at both ends of the fuse­
lage. The second vertical fuselage bending mode is presented in figure 16.

Antisymmetric

The antisymmetric first wing bending mode is presented in figure 18. The mode
shape definition is good, and although the frequency is relatively low, the mode
shape fitting proceeded well and did not encounter the same degree of difficulty as
it did for the first wing symmetric mode. The wing node line runs laterally across
the midsection of the wing with a maximum displacement occurring at the wingtip mass.

The antisymmetric second wing bending/torsion mode is presented in figure 19.
The mode shape is well defined with wing node lines near the wing root and laterally
across the outer section of the wing proceeding to the wingtip. The overall mode
shape is similar to the symmetric second wing bending/torsion mode of figure 14.
Again, a node line is near the FSS accelerometer location.

The antisymmetric first lateral fuselage bending mode is presented in figure 20.
The node lines are immediately in front of the engine inlet duct and near the root
midchord of the vertical tail. The node line locations are very similar to the ver­
tical mode of figure 18.

CONCLUDING REMARKS

A ground vibration test (GVT) was conducted to determine the resonant frequen­
cies and mode shapes of the rebuilt aeroelastic research wing vehicle (ARW-1R). The
results were then used to update the structural model. The aircraft was excited at
three test locations - at the nose vertically, at the nose horizontally, and at the
right wingtip vertically - to ensure adequate excitation of all modes. The results
provided accurate modal frequency and mode shape information, with the possible
exception of the 9.30-Hz mode. The fit of this mode could have been improved by
increasing the test duration to produce a smaller change in frequency (Af).

Ames Research Center
Dryden Flight Research Facility
National Aeronautics and Space Administration
Edwards, California, July 11, 1984
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TABLE 1. - AIRCRAFT TEST POINT LOCATIONS

(a) Right-wing test point locations

Test
X y Z

point

1 221.0 10.0 0
2 229.6 13.1 0
3 239.5 16.3 0
4 248.2 19.2 0
5 256.4 27.8 0
6 264.5 36.6 0
7 272.9 45.3 0
8 281.1 54.0 0
9 285.1 58.2 0

10 289.2 62.9 0
11 293.2 67.1 0
12 297.3 71.3 0
13 301.6 75.9 0
14 304.8 79.2 0
15 235.0 10.0 0
16 244.3 10.0 0
17 250.6 17.0 0
18 258.7 25.9 0
19 266.7 34.8 0
20 274.8 43.6 0
21 282.9 52.5 0
22 286.9 57.0 0
23 291.0 61.4 0
24 295.0 65.9 0
25 299.0 70.3 0
26 303.3 74.7 0
27 307.1 79.2 0
28 256.2 10.0 0
29 264.7 20.4 0
30 272.3 29.8 0
31 279.9 39.1 0
32 287.4 48.4 0
33 291.2 53.1 0
34 295.0 57.7 0
35 298.8 62.4 0
36 302.6 67.1 0
37 306.4 71.7 0
38 312.3 79.2 0
39 262.6 10.0 0



TABLE 1. - Continued

(a) Continued

Test
X y Z

point

40 268.1 17 .3 0
41 275.2 27.0 0
42 282.8 36.8 0
43 290.0 46.2 0
44 293.4 50.9 0
45 297.2 55.7 0
46 300.8 60.3 0
47 304.2 65.2 0
48 314.9 79.2 0
49 322.4 80.7 0
50 306.0 79.2 0

FSS accel- 311.68 76.26 0
erometer

(b) Left-wing test point locations

Test X y Z
point

51 250.6 -17 .0 0
52 258.7 -25.9 0
53 266.7 -34.8 0
54 274.8 -43.6 0
55 282.9 -52.5 0
56 291.0 -61.4 0
57 299.0 -70.3 0
58 307.1 -79.2 0
59 256.2 -10.0 0
60 264.7 -20.4 0
61 272.3 -29.8 0
62 279.9 -39.1 0
63 287.4 -48.4 0
64 295.0 -57.7 0
65 302.6 -67.1 0
66 312.3 -79.2 0
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TABLE 1. - Concluded

(c) Horizontal tail test point locations

Test
X y Zpoint

67 359.6 14.0 0
68 363.9 20.0 0
69 368.6 26.0 0
70 373.1 32.0 0
71 359.6 -14.0 0
72 363.9 -20.0 0
73 368.6 -26.0 0
74 373.1 -32.0 0

(d) Vertical tail test point locations

Test
point

75
76
77

X

348.1
356.0
366.1

y

o
o
o

z

9.0
18.0
29.5

(e) Fuselage test point locations

Test X y Z
point

78 118.5 0 0
79 150.5 0 0
80 182.5 0 0
81 215.0 0 0
82 241.5 0 0
83 275.5 0 0
84 295.5 0 0
85 324.5 0 0
86 340.0 0 0
87 369.0 0 0
88 409.0 0 0
89 241.5 0 -34.4
90 258.0 0 -34.4
91 275.5 0 -34.4
92 295.9 0 -33.1
93 325.0 0 -26.9
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TABLE 2. - FREQUENCY AND DAMPING OF MODE SHAPES

Frequency,
Damping Mode shape

Hz

Symmetric

9.30 0.00588 First wing bending
16.09 0.01782 First vertical fuselage bending
27.77 0.01177 Second vertical fuselage bending
30.30 0.00937 Second wing bending/torsion
30.69 0.00684 Second wing bending/torsion
38.96 0.01447 Unidentified (significant

wing torsion)

-" Antisymmetric

13.56 0.00882 First wing bending
18.18 0.00704 First lateral fuselage bending
28.50 0.00710 Vertical tail

31. 51 0.01497 Second lateral fuselage bending
32.72 0.01943 Second wing bending/torsion
48.91 0.02010 Second wing torsion
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TABLE 3. - SYMMETRIC MODE SHAPE COEFFICIENTS
(Mode shape location is the same as'

test point in table 1.)

(a) First wing bending mode, 9.30 Hz

Z coeff

1.1578E ee
1. 4492E 99

-5.3322E-83
2.7195E-92
9

1

.4424£-82
2.1813E-e1
3.3397£-91
5.4429£-91
8.2942E-91
;1. t61 tE 88

-2.2218E-82
1.9196E-82
9.4669E-82
2.eB58E-B1
3.8139E-81
6.2542E-91
9.4S75E-91
1. 4569£ 99

-6.9298E-92
-7.e829E-92
-7.3851E-92
-8.4782E-82
-6.1187£-02
-7. 1585E-92
-7. 9858E-92
-8.f3961E-82

0. 9000E-01
e.eeeeE-81
e.eeeeE-81

-3.7459E-92
-3. 1815E-82
-2. 6394E-92
-2.212:9E-92
-1.9329E-92
-2.2884£-92
-3. 1327E-92
-4.4968E-92
-5. 7366E-02
-6. 6875E-92
-1.8264£-01
-1.7863E-82
-2.9387E-82
-2.3728E-92
-2.9327£-82
-3.8979£-92

1.8562E ea
-1. 8775E-91

Y coeff

e.eeeeE-el
e.seeeE-Sl
8.£1098E-81
9.0899E-91
e.0eaeE-el
e.geeBE-a1
a.0eeeE-al
a.eeeeE-a1
0.9000E-81
e.eeeeE-el
{i.B0BeE-al
e.eeaeE-01
a.eeeeE-a1
8.eJeeeE-91
a.eaeer-a1
9.0eaeE-01
B.eaeBE-e1
e.gef10E-81
fl.eeeeE-81
e.eeeeE-91
e.0'3eeE-81
e.eeseE-01
e a00SE-81
e.ti0EteE-el
e.eeeeE-el
e.eeeeE-01

~ . 00(1~fE -81
f!.9€1BetE-8i
e.eeeeE-91
a.eeeSE-al
e.0668E-IH
e.-eeeeE-el
e.eeeSE-e.l
8. 9088E-81
e.geeeE-91
'3.gee0E-01
9.eeeeE-81
e.ee6itE-e1
0.990eE-81
e.eee8E-81
8.0000E-01
e.9009E-81
8.0eeSE-el
e. eeeSE-fH
8.geeBE-B1
8.8e89E-81
8.8e99E-81

48 e.eeeeE-81
49 0.0000£-£11
51 9.EJBeliE-91
52 9.eeeeE-el
53 8.eeeaE-81
54 a.BeeBE-at
55 a.eeeaE-E11
56 e.eee8E-el
57 8.0000E-81
5~ 8.0£109E-91
59 e.f4M8E-81
6e a.eeeBE-81
61 e.eee8E-E!1
62 e.eeeeE-81
63 e.eeeeE-81
64 9.00eOE-01
65 e.eeeeE-el
66 a.aeeeE-91
67 e.eeEleE-el
68 e.aeeeE-e1
69 8.eeeeE-~1

7e a.BeeeE-al
71 0.ge30E-31
72 e. 0ee€4E-e 1
73 e.eeME-91
74 e.eee0E-01

Mode
Z coeff shape X coeff

lac
Y coeff

e.eee0E-Bl -1.6841E-B2
e.eeeeE-01 -1.4841[-82
e.SSeeE-81 -1.3553E-e2
8.eeeeE-81 2.3995E-03
e.eeeeE-81 3.5184E-82
a.SeSeE-B1 1.1269E-01
e.ea0eE-81 1.9840E-01
e. eeeeE-el . 3. t.I?72E-el
a.eeeBE-at 5.e61€E-01
8.eeeeE-81 5.7317E-81
e.e888E-el 7.3815E-01
a.aeBBE-Ell 7.9996E-Bl
0.0000E-01 8.9057E-81
e.eeeeE-91 1.~519E 0e
e.~eeeE-el -1.7152E-02
e.eOeBE-01 -2.4217E-02
a.BeeeE-Ell -4.7998E-83
a.eeeBE-ElI 3.6381E-02
8.eeeeE-81 8.S226E-82
8.eeeeE-81 2. 1862E-81
0.eoe8E-81 3.3766E-01
e.8~eeE-~1 4.43~5E-e1
8.80eeE-81 5.9112E-01

0.9000E-01 b.3192E-01
e.8eeeE-81 7.3590£-01
a.aeeeE-al 9.6224E-el
8.BeeeE-al 1.t682E 89 75 £1.000£1£-£11
e.eeeeE-91 -2.~262E-92 76 8.eee0£-91
8.8088E-81 2.6750E-82 7?e.eee~E-el
8.8008E-81 8.5982E-82 78 e.eeeeE-8t
8.0000E-01 2.2773E-01 79 a.eeeeE-a1
8. 8088E-81 3.6477E-81 sa 8.9888E-81
e.0eeeE-Bt 4.8e34E-01 81 e.eeeeE-91
e.eeeeE-01 6.4262E-01 82 8. 88e0E-81
8.eeeeE-61 6.8914E-91 83 0.e~geE-el
a.geBeE-et 8.9685E-91 84 8.eeeeE-01
e.8BeeE-81 1.8949E 98 85 a.eeeeE-e1
a.aeeSE-81 1.9656E ee 86 8.S8e9E-81
8.0e00E-91 -3.5326E-92 87 a.0aeeE-91
9.0~eeE-91 2.9174E-92 88 e.eeeeE-a1
0.0000E-el 8.5804E-82· 89 0.83S8E-81
8.8099E-81 2.4142E-91 98 a.eaeeE-at
0. 9998E-81 3.9325E-01 91 a.BeeeE-al
a.8eeeE-e! 5.134SE~91 92 0.eeeeE-01
8.99geE-91 6.8293E-91 93 a.BeeeE-91
8.9999E-81 7.5628£-91 5e 9.9geeE-01
8. 8888E-81 8.6982E-81 94 9.0990E-91

Mode
shape X coeff
lac

1· e.f4fieeE -8!
2 e.eaeeE-81
3 e.eeBeE-91
4 e. eeeeE-lH
S e.eeeeE-81
6 e.SE100E-e1
7 e.8000E-81
8 e.BeeBE-e1
9 e.eeeeE-a1

te a.BeeeE-e!
11 a.aeeeE-9t
t2 e.eeeeE-a!
13 0.0000E-01
14 e .eeeeE-e 1
15 e.eeeeE-01
16 e.eeeeE-et
17 0.80e0E-81
18 0.eeeeE-el
19 e.eeeeE-81
2e a.eeeBE-a1
21 e.eeeeE-9t
22 e.ee00E-91
23 e.eaeeE-91

24 e.eeS0£-01
2S e.eeet0E-81
26 e.eeeeE-01
27 e.eeeOE-01
28 e.00tieE-el
29 0.£1ee0E-81
30 e.0880E-81
31 0. 0GB0E-a!
32 a.eeaeE-81
33 e. BEteeE-EH
34 e.eee0E-e1
35 a.eeeeE-01
36 0.aeeeE-01
37 a.BeeeE-ell
3S e.eee0E-81
39 8.8£109E-81
4e a.BeeeE-81
41 e.eee0E-el
42 e.e988E-81

. 43 e. 80BOE-91
44 e. eee8E-Ell
45 a.eeeeE-el
46 0.0e90E-01
47 e.898eE-81
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TABLE 3. - Continued

(b) First vertical fuselage bendin9c~mode, 16.09 Hz

Mode Mode
shape X caeff Y coeff Z coeff shape X coeff Y coeff Z coeff
lac lac

1 9.9999E-91 9.9999E-81 -7. 1465E-93 43 0. 0geeE-01 9.B013BE-Bl 1.2962E-92
2 9.0e99E-BI e.aee9E-91 -8.6179E-93 49 a.eeeeE-Bl 9. 99geE-01 2.1345E-92
3 9.9geeE-81 a.9geeE-01 -9.6197E-93 51 9. 9geeE-01 9. 99B9E-91 -9. 3981E-'33
4 9. BeeeE-91 0.B999E-91 -8.8696E-93 52 9.B0e0E-el 9.gee9E-91 -1. 9647E-92
5 0.eeeeE-EH 8.eeeeE-91 -9.312BE-93 53 9.e013eE-91 e.9geeE.,..~H -9.6663E-93
6 9.e0e0E-91 9.00e0E-91 -9.5612E-03 54 B.BeeeE-91 8.B99BE-81 -8.8272E-93
7 9.BeeBE-BI 9.909BE-91 -7.3847E-03 55 9.eeeeE-91 B.BBBBE-BI -5.2751E-B3
8 e.0e90E-el a.90B9E-91 -7.7466E-03 56 a.BBeeE-Bl B.BBeBE-91 -1.9688E-93
9 a.90eeE-91 9.e099E-91 -8.5794E-93 57 a.0eeBE-Bl 9.8999E-81 8.7442E-93

10 9.8809E-81 9.9899E-91 -5.3574E-03 58 9.ge90E-QI 9. 9999E-9t 1. 5477E-92
11 0.0090E-91 9.9999E-01 8.8099E-81 59 0.0e08E-91 9. 9999E-91 -1.8952E-92
12 e.!3eeBE-91 a.Bge9E-a1 9.9999E-81 60 0.00@0E-01 0.0009E-91 -1 .0653E-02
13 9.00e0E-91 9.0000E-91 5. 2828E-93 61 9.0000E-81 0. 9998E-01 -1.9639E-92
14 9.9090E-Bl 9. 9809E-81 6.5821E-03 62 9.9909E-91 0.0900E-81 -8. 1839E-03
15 9.0999E-91 9.0880E-01 -6.8821E-93 63 9.09a0E-91 9.9999E-91 -5.9734E-93
16 a.eee0E-Bl 0.0900E-01 -7.9263E-03 64 0.0090E-91 9. 9009E-91 8.9009E-91
17 0.0000E-81 9.0009E-01 -7.4677E-83 65 9.9999E-91 9. 9099E-91 9.9511E-93
18 a.9008E-81 9.9809E-91 -6.9816E-93 66 9.0900E-91 9. 0000E-01 2. 1635E-02
19 El.eee9E-01 9.9ae9E-91 -6.7346E-93 67 a.000eE-01 9.0000E-01 7.5381E-03
20 9.9999E-01 0.9009E-91 -6.9291E-93 68 0.9000E-91 9.9098E-91 1. 1959E-02
21 8.0000E-91 9.0998E-91 -5.5989E-93 69 0.0888E-91 8. 0889E-91 1.3328E'-82
22 a.eeeeE-et a.eeeeE-at -5.3785E-93 79 a.eee0E-el 9.0900E-91 1. 6815E-92
23 0.0000E-91 9.00e0E-01 -5.2311E-93 71 a.Se0SE-01 a.a000E-01 4.4S22E-93

72 a.00130E-01 0.9B09E-81 6.5199E-93
24 a.S0SSE-01 0.300SE-01 0.aSS0E-01 73 0.0009£-01 9.e000£-01 8.6628E-93
25 0.0000E-91 9.0909£-91 2.9181E-93 74 e.€l€le€lE-01 9.0009E-ol 9.6341E-03
26 9.ee99E-91 9. 0ge0E-01 5. 1158E-93
27 9.0ae0E-01 0. 00a0E-01 9.0594E-03 75 0.0e00E-01 9.SeaSE-al 0.SBa0E-01
28 B.eBB9E-91 9.B~geE-BI -8,4340E-03 76 a. B~HH~E-al 9.aaeSE-al e.990eE-91
29 9.e009E-91 8.8999E-91 -7.9322E-93 77 B.8ee9E-Bl 9.0BaaE-at 9.88B9E-91
39 a.eeeeE-al 0.ge0eE-01 -7.2118E-e3 78 e.0000E-al 0.0099E-91 2.3780E-02
31 0.0000E-01 0.090SE-91 -6.2125E-03 79 a.aeBeE-el 9.8ee9E-91 9.9944E-93
32 0.0e90E-81 9.9099E-01 -5.5514E-03 8a 9.0900E-01 0.0008E-01 9.0009E-91
33 0.0888E-01 0.000eE-91 -4.5556E-93 81 e. eeeeE-EH 0.000BE-91 -5.2412E~93
34 e.8000E-91 8. 00a0E-01 9 ..0000E-01 ....... 0.0090E-01 9. 0000E-91 -9.3373E-03Ol:

35 e.eeeBE-B1 0.BeBeE-01 8.IH:HH'E-91 8J 0.gee9E-01 0.0999E-91 -8. 6840E-93
36 0.00eeE-01 0.9900E-81 2. 8898E-93 84 0.0e00E-01 0.0000E-01 -7.9212E-03
37 0.0009E-01 13. 0090E-91 7. 4686E-93 85 0.0000E-01 0.0990E-91 -3.7928E-03
Jg 0.ge99E-91 0.0088E-81 1.0546E-02 86 0.0000E-01 8.9000E-81 0.8090E-91
39 0.0800E-01 9.0000E-91 -8.8017E-93 87 B. 9~Hj0E-91 9. 0909E-91 8. 6926E-93
413 9.0eeOE-01 0.0e00E-01 -7.7678E-83 88 a.oeaeE-01 9.0000E-91 2.4915E-92
41 0.9000E-91 8.9999E-91 -7.4449E-93 89 9.9009E-91 9.0099E-91 -9.5878E-83
42 0.000BE-91 9.9909E-91 -6.2117E-93 90 0.0000E-01 0.0099E-91 -7.8951E-03
43 0.0909E-91 e.0999E-91 -5.9328E-93 91 0.a089E-01 9.0090E-91 -7. 67213E-93
44 a.eee0E-Bl 8.9099E-91 -4.4166E-B3 92 0.0000E-01 9.0000E-91 -6.6516E-93
45 0.0ee0E-91 9.000SE-01 0.0900E-91 93 0.9909E-01 3.4139E-93 -3.2987E-03
46 0.9800E-01 8.0000E-91 0.8900E-01 50 9.0099E-81 0. 9009E-81 7.5119E-93
47 B.e009E-131 9. 9900E-131 3.5461E-03 94 a.BeeeE-91 1. 8493E-92 2.7772E-92

13



TABLE 3. - ContlQued

(c) Second vertIcal fuselage bendIng, 27.77 Hz

Mode
shape X coeff
loc

Y coeff Z coeff
Mode
shape X coeff
loc

Y coeff Z coeff

14

1 e.00e~E-et e.eeeBE-01 a.BeeeE-at
2 C.eeeBE-0t e.BeBeE-at 0.0300E-01
3 e.ee&0E-01 ~.eeeeE-e1 e.ee~eE-el
4 a.aeeeE-01 0.eeeeE-81 a.BeeeE-a1
5 0.0e00E-01 e 0e0BE-91 a.aeeeE-a1
6 a.eeOBE-01 8.0e00E-01 a.eeeeE-a1
7 e.BBe0E-01 B.B090E-01 0.0900E-0i
8 e.ea~~E-01 B.e0BBE-81 a.eeeeE-a1
9 0.e300E-01 0.eee0E-e1 e.eeeeE-ei

16 e.6066E-Bl a.eeeeE-61 6.60eeE-B1
11 e.eeaeE-Bl 0.Be0eE-91 a.aeeeE-01
12 e.00eeE-el e.eaeSE-81 e.eeeeE-81
13 0.eeOeE-01 0.eeeOE-81 0.0000E-01
14 8.0000E-e1 a.eeeeE-e1 a.BeeBE-a1
15 0.0~~0E-el e.gee0E-B1 a.BeeeE-0t
~6 0 0030E-01 e.eee0E-e1 e.8BeeE-el
17 0 0e00E-e1 0.Be0BE-81 0.eee0E-01
18 -31065E-92 2.0157E-e2 -6.3674E-82
19 8.0606E-81 0.8000E-61 e.ee00E-81
20 -2.017aE-02 1.8226£-02 ~4.e313E-e2
21 e000BE-Bt 0.00e0E-81 a.eeeBE-01
22 0.~00BE-e1 e.eeaeE-B1 a.BeBBE-a1
23 -1.0532E-e2 9.8579E-e4 -4.0469E-02

~J ~ ~~~~~ ~f n ~~n~~ n4 ~ nnnn~ nf
C~ ~ VV~V~-V1 V.~V~~C-O! O.VVVVC-V!

25 -6.3687E-83 -1.7122E-93 -4.615~E-~2
26 e.080eE-01 e.aegeE-Bt e.geeeE-a1
27 -2 3218E-e3 -4.6565E-93 -5.38e3E-e2
28 a.eeeeE-a1 8.90eeE-61 a.eeeeE-a1
29 -2.816eE-02 9.9876E-03 -3.e092E-92
38 e.e6eeE-a1 a.aeeeE-a1 a.eeeeE-a1
31 -2.1493E-8Z 2.5034E-83 -7~7177E-e3
32 0.eeeeE-Bl e.BeBeE-81 e.eeeeE-Bl
3~ B 60eeE-e1 9.geeeE-91 e.eea6E-81
34 -1.1881E-e2 -5.e586£-e3 7.8474E-03
35 e.B3e.eE-0i e.eaeeE-et ~.eeeeE-e1

3S -7.5491E-83 -8.3014E-83 -9.4947E-03
37 8.~aeeE-el e.eeeeE-81 e eeeeE-01
30 -1.5565E-S3 -1.4579E-02 -2.282SE-02
39 ~.e000E-el a.SeeSE-a1 a.BeeeE-a1
40 0.e0~~E-el 8.0300£-01 e.00eeE-el
41 a.ee0eE-a1 e.aBaSE-a1 a.eeeeE-a1
42 e.60e0£-~1 a.eeBeE-at 0.0008E-81
43 0 0068E-81 e.eaeeE-01 a.aeeSE-a1
44 0.0000£-81 e.eeeeE~e1 S.SeBeE-a!
4~ 0.8908E-91 3.8809£-01 Q.aeeeE-e1
4( ~ BB00f-01 e.~eeeE-e1 a.SOeBE-SI
47 0.e0~eE-e1 e.ee~eE-e1 e.eeaeE-e1

48 8.6800E-01 ~.eeeeE-el e.eeeeE-01
49 ~.~SeeE-e1 e.0000E-01 S.SeBGE-S1
51 8.aeeeE-a1 a.BeBeE-B1 0.0e~0E-81
52 -3.5852E-e2 -6.2131E-e3 -8.1665E-e2
53 a.8e00E-01 e.eeeeE-0t e.BOeeE-81
54 -3.22e7E-02 -4.8900E-83 -6.8292E-02
55 a.BeeeE-61 faeeeE-B1 a.aeeeE-at
56 -3.1934E-02 t.0766E-e3 -7.8843£-02
57 -3.0157E-02 1.7908E-B3 -6.9487E-02
58 -3.i467E-02 2.2050E-&3 -5.5502E-02
59 a.eeeeE-st e.e0eeE-~1 e.e~ee~-e1
60 -2.9574£-02 1.i155E-e3 -3.80e5E-32
61 8.geeeE-a1 a.eeeeE-at a.eeeeE-st
62 -3. 1753E-82 -1.3619E-83 -2.733eE-02
63 a.eeeeE-at 0.8e90E-e1 e.eeeeE-e1
64 -3.0546E-a2 -1.6732E-03 -2.SS38E-02
65 -3.1195E-02 -i.8678E-e3 -i.8976E-e2
66 -2.8782E-82 1.5176E-B3 9.0BeeE-e1
67 8.0000E-01 e.eeee£-01 a.aeeeE-a1
68 e.e9~9E-el e.eee0E-e1 2.5870E-e1
69 a.eeeeE-a1 e.e0eeE-01 a.8eeSE-at
70 a.eeeeE-01 a.BeeeE-B1 4.2502E-81
71 B.eeeeE-01 8.0009E-01 e.0BeeE-31
72 a.eeBeE-a1 0.eeeeE-81 2.3B49E-81
73 a.eeeeE-B1 a.BeeeE-a1 a.eeeeE-8t
?A Q QuQ~C Q1 0 aOuoe Q1 ~ Q~uac ai
I~ ~.uuu~~-~~ u.u~~u~-~~ ~.~I~J~-~.

75 e.eeeBE-01 a.eeeBE-B1 0.8e08£-01
76 B.~~~BE-~i B.~eB~E-Bi B.Be~eE-iji
77 a.eaeeE-e1 8.ae0aE-91 a.aeeeE-at
78 a.eeBeE-at e.eeeeE-01 2.S367E-e1
79 e.0eeeE-81 e.eeeeE-01 -5.38t6E-02'
Be a.aeeeE-a1 a.aaaeE-at -2.3B54E-Bl
8t a.eeeeE-a1 e.&OeeE-e1 -1.9362£-01
S2 a.0eeeE-Ot 0.0000E-0t -1~4634E-0t
83 '.8000£-81' 9.BeeeE-el 5.2852E-82
84 e.eeOBE-B1 a.eeeeE-a1 1.2278E-91
85 e.eeeeE-01 e.ee08E-01 2.3598E-e1
86 a.aeeeE-a1 e.aeeeE-81 2.4581E-81
87 e.eeeeE-01 8.0ee0E-91 1.8eS8E-01
38 0.0000E-e1 e aeeeE-a1 -3.8629E-e1
89 a.eeeeE-01 a.aeeBE-a1 a.aeaeE-e1
90 e eae8E-01 8.eee~E-el 0.8008E-01
91 e.00eeE-B1 a.eeeeE-e1 a.eeeeE-01
O? 0 QQQO~ at a QQQOC at a aooae 01
J~ u.~~uu~-v~ ~.U~U~L-UJ ~.uuuu~-u£

93 a.eeeeE-e1 &.eaeeE-81 e.8eeeE-01
l8 e eeeeE-a1 0.eeae£-01 a.8eeeE-a1
91 ~.ee0eE-e1 9.eeeeE-el e.aeeSE-a1



TABLE 3. - Continued

(d) Second wing bending/torsionmpde, 30.30 Hz

Mode Mode
shape X coeff Y coeff Z coeff shape X coeff Y coeff Z coeff
loc loc

1 0.0009E-01 9.0000E-~ -1.7391E-02 48 0.0000E-01 0.0000E-01 -4.7084E-01
') 9.0000E-01 a.0ee0E-if -1.0993E-02 49 0.9900E-01 0.9009E-91 -1.2373E 00<.

3 0.0e00E-01 8.0908E- -2.6821E-83 51 e.eeB9E-91 8. 9098E-81 1.9939E-92
4 0.0000E-01 9.0000E- 1 2.6141E-92 52 0.0000E-01 0. 0009E-91 9.0322E-02
5 a.0eB9E-91 9.9999£-81 9.4931E-92 53 0.0000E-01 9.9009E-91 1.7799E-91
6 0.0000E-91. 0.0000E-01 2.2224E-91 54 9.0000E-91 9. 0889E-81 3.2147E-01
7 0.009f1E-01 a.f1090E-91 3.2227E-91 5S 9.0000E-91 9.0009E-81 4.1557E,...91
8 0.0890E-91 9. 9009E-91 4.6555E-91 56 9.8000E-81 8. 9009E-81 4.6488E-81
9 a.eee0E-01 0.0090E-01 5.3192E-01 57 0.9000E-91 0.0009E-91 4.2475E-91

10 8.0!390E-81 0. 0999E-01 5. 1995E-91 58 0.0099E-91 8.9909E-91 2.5246£-91
11 0.0099E-91 9.gegeE-91 5.3355E-91 59 a.BeBBE-BI a.B0BBE-91 -1.3977E-03
12 0.0e90E-91 9. 9889E-81 5.2743E-91 60 0.0000E-01 0. 0000E-01 5.9535E-82
13 9. 0099E-91 9. 0009E-91 4.4492E-91 61 0.0090E-81 0.9009.E-91 1.4374E-91
14 0.0099E-91 9,0909£-91 3.8959E-91 62 9.0009E-91 9.9009E-91 2.3549E-91
15 9.0e08E-01 a.0e0BE-81 -9.7462E-93 63 9.aeeeE-el a.aaeeE-el 3.1966E-81
16 0.0000E-01 9.0080E-01 ~2.8135E-82 64 0.9909E-01 9. 9099E-91 J.1656E-81
17 0.8009E-91 9.9888E-91 1-. 5994E-82 65 0.0900E-91 9. 0909E-81 1.8319E-91
18 0.0099E-91 9.9999E-91 8. 2592E-92 66 0.B900E-01 a.BeB8E-81 -1.8480E-01
19 0.9999E-01 9.9998E-81 1.7974E-91 67 0.0000E-01 0.0000E-81 -3.2185E-02
29 9.9900E-01 9. 9099E-81 3.0663E-91 68 0.a090E-01 9.9099E-81 -7.9254E-82
21 0.090BE-01 0. 0000E-01 4.1478E-01 69 8.0008E-01 8.0880E-81 -1.9927E-91
22 8.0099E-91 9. 0808E-81 4.4398E-81 70 0. 9099E-91 9.9098E-81 -1.6682E-81
23 0.00e9E-01 0.0000E-01 4.7178E-01 71 8.0000E-01 9.9009E-91 -1.6470E-92

72 0.0000E-01 0.0009E-91 -2.5763E-92
24 0.8000E-01 0.0000E-01 4. 7499E-91 73 9.9999E-91 8.B9B8E-Bl -3.7858E-92
25 0.e0eeE-al a.Be0eE-91 4.3786E-01 74 0.0000E-01 0.00B0E-01 -4.7560E-02
26 9.9090E-91 a.Be0BE-01 3.8826E-01
27 9.0900E-01 0. 0000E-01 2.9688E-01 ">'" 0.00B0E-0t -1.3033E-02 0.9000E-01I.J

28 9.a009E-81 0.0ee0E-81 -1.7037E-02 76 0.ee00E-01 -3.3885E-02 0. 9000E-01
29 9.0008E-91 a.0000E-91 5. 5682E-02 77 0.0900E-01 -1.2753E-01 0.9889E-01
30 a.00e9E-81 0. 9009E-01 1.3648E-01 70 0.0000E-01 3. 3998E-03 1.4846E-02I '.I

31 0.0000E-01 9.0000E-91 2.3701E-91 79 0.eee0E-01 1.8519E-03 -1.2913E-92
32 0.8000E-01 0. 0000E-01 3.0988E-01 80 0.0000E-91 1.3977E-03 -2.3610E-92
33 0.B0e9E-01 e.BaeeE-el 3.1792E-91 81 0.a000E-01 -9.0662E-04 -2.1721E-02
34 a.0000E-01 9.B00BE-01 3.1150E-01 82 0.9000E-91 3.2487E-03 -1.3184E-e2
35 0.9099E-91 0.91380E-01 2.6232E-91 83 9.0900E-01 1. 1333E-03 -1. 1106E-92
36 9.0000E-01 9. 0000E-91 2.0161E-01 84 a.Bee9E-01 -1. 1333E-93 -1.1931E-02
37 9.0000E-91 0.0ea8E-91 5.5002E-92 85 0.0999E-01 2.6821E-03 -1.5979E-02
38 0.0090E-01 9.9000E-91 -2.1918E-01 86 0. fHHl0E-01 2.0777E-03 -1.6Z81E-92
39 8.e090E-01 9.9909E-91 -3. 2336E-92 87 9.0e00E-81 2.ea21E-03 -1.8653E-92
413 e.9999E-9! e.ge/39E-9! 3. 7776E-82 88 e.ge0eE-el 6. 8374E-03 1.7679E-92
41 a.0eeBE-01 e.0eeeE-01 1. 1136E-01 89 a.B09BE-01 7.0263E-93 -1.3979E-02
42 a.e0e9E-91 0.9990E-el 2.9067E-01 90 0.0990E-01 -2.0399E-93 -1.3335E-92
43 0.8009E-91 0.0ee9E-01 2.5831E-91 91 8.9909E-al -1.9539E-92 -1.5941E~02

44 e.eee0E-01 lit.aeeeE-al 2.5812E-91 92 a.e0eeE-01 -9.7462E-93 -1.7075E-02
45 0.0800E-91 9.0009E-91 2.5968E-01 93 a.0eeeE-0t 1.6432E-92 -1.7499E-92
46 9. 0900E-01 B.9008E-91 1.9947E-01 59 9.9000E-01 9.00e9E-91 3.8194E-91
47 a./3a99E-/31 8. 0899E-81 9. 2777E-92 94 a.ee0eE-el 6. 1575E-93 2. 9994E-92

15
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TABLE 3. - Continued

(e) Unidentified mode (significant wing torsion), 38.96 Hz

Mode
shape X real X imag Y real Y imag Z real Z imag
loc

1 9.999E-91 9.9'39E-91 9.egeE~91 . 8.999E-91 9.999E-91 3. 468E-93
2 9.0B0E-81 0.0eeE-01 0.0eeE-91 8.008E-81 a.OeeE-01 5. 039E-83
3 9.999E-91 9.998E-81 9.999E-81 8.998E-81 8.8geE-81 4.777E-93
4 B.ageE-91 a.aeeE-at 9.aeBE-at 8. 999E-91 9.989E-81 2. 896E-83
5 9.099E-Ol 9.8geE-91 O.oaeE-OI 8.809E-91 8. 899E-91 1.669£-93'
6 9.898E-91 9.000E-91 9.999E-91 9.989E-91 9.089E-91 5.579£-93
7 8.09BE-81 8.000E-81 0.888E-91 0.0eOE-91 8.988E-81 1.88BE-92
8 9.0eeE-81 9.889E-91 9.ge9E-91 0.998E-91 9.098E-91 3.189E-82
9 8.080E-Ol a.aeeE-al 8.aeeE-01 0.9aOE-01 a.aeeE-al 4.331E-92

10 8.9a9E-91 9.8eeE-91 8. fHIBE-81' 9.888E-81 9.a86E-81 6.937E-82
11 8.aa9E-81 8.999E-91 8.8a9E-81 8. 888E-'l1 8.889E-al 9. 739E-92
12 8.9aeE-81 9.888E-91 8.988E-81 8.989E-81 8.B88E-91 1.995E-81
13 9. 990E":'91 9.990E-91 0.999E-81 9.909E-81 9. 993E-91 1.245E-91
14 9.999£-91 9.999£-91 8.008£-iH 9.999£-91 8.909£-91 1. 569E-91
15 8.0e0E-01 9.00eE-91 8.099E-81 9.009E-01 8. 999E-·81 7. 673E-93
16 0.eeeE-el o /loor ot e.eeeE-et e.eeeE-et o aaor Ot 4.957E-03u.uu~~-v. u.'UuU... -U4

17 8.8a9E-81 9.898E-91 8.999E-81 9,998E-81 8.999E-81 4. 998E-83
18 8.009E-81 9.999E-91 8.999E-81 ' 9.9a9E-81 8.8e9E-91 -4.336E-83
19 a.EleElE-81 a.BeeE-a! 9.aeeE-01 a.ElaeE-Bl a.eeeE-a! -9.473E-93
28 0.999E-91 9.000E-91 8.999E-81 9. 999E-81. 8.909E-91 1.913E-92
21 0.900E-91 9.898E-91 9.908E-91- a.999E-91 8.999E-91 1.697E-82
22 9.900E-81 8.000E-91 . 9.990E-91 9.909E-81 8.099E-91 2.752E-92
23 8.aeeE-Ot a.aeeE-at 9.aOOE-OI 9.ee9E-OI 8.eeeE-al 3.498E-92

24 9.930E-81 0 ..030E-91 a.000E-01 9.000E-91 . 9.880E-9t 4.900E-92
25 8.eeeE-91 8.009E-91 9.909E-91 9.909E-81·9.090E-91 7. 336E-92
26 8.0eBE-81 9.geeE-91 9.999E-01 9.ge9E-91 9.eaeE-91 9. 187E-92
27 9.eeeE-et 9.000E-01 a.BeeE-OI 0.e00E-81 a.aaeE-el 1.219E-91
29 8.999E-91 Q.e99E-QI 8.6eQE-QI 9.606E-81 8.988E-91 1.193E-92
29 8.ge0E-81 a.geeE-91 9.eeeE-91 9.900E-91 8.e09E-91 -7. 166E-93
39 9.e98E-91 9.898E-91 8.SeeE-81 8.eeeE-81 9.a90E-91 -2.448E-82
31 8.aaeE-91 8.a90E-91 8.909E-81 9.908E-81 8.a09E-81 -3.985E-92
32 9.ge9E-9t 9.geBE-Ql 9.eeeE-9t 9.eeeE-0t 0.BeeE-9t -3.897E-92
33 0.ge9E-91 9.999E-91 9.9geE-91 8.eeeE-91 9.a09E-91 -3. 547E-92
34 8.0OeE-91 a.eOOE-el 9.0eaE-91 a.aeeE-81 8.0eaE-OI -2.94aE-a2
35 8.999E-91 Q.ge9E-91 8.909E-8t 9.996E-81 8.666E-91 -2. 137E-92
36 8.6aeE-et a.ae9E-91 8.eaeE-81 8.aeeE-91 8.eaeE-el 1.757E-92
37 a.aaeE-91 a.aaeE-91 8.a8eE-91 8.808E-8t 8.889E-91 7.951E-83
39 8.0013E-01 9.000E-91 9.900E-81 9.seeE-91 8.908E-91 3.915E-02
39 9.000E-91 9.909E-91 8.090E-91 8.ge9E-81 8.e80E-81 2.444E-92
49 8.900E-91 9.ae0E-01 9.999E-81 8.909E-'l1 9.909E-01 -6.250E-93
41 a.BeeE-0t a.OSeE-at 9.eeaE-al 8.eeeE-OI 8.0e0E-01 -4.319E-02
42 8.8aeE-81 9.888E-91 9.eeeE-9t 9.e68E-91 9.geeE'-91 -6. 626E-e2
43 9.a99E-91 9.999E-91 9.999E-91 9.990E-al 9.999E-91 -7. 928E-92
44 8.999E-9t 9.eeeE-91 8.eeeE-al 8.88eE-91 9.8eeE-91 -7.981E-92
45 9.090E-81 9.990E-01 9.999E-91 9.909E-81 a.9a9E-91 -6.781E-02
46 9.a99E-91 9.999E-9t 9.aeBE-B! ~.ee0E-9t 9.990E-91 -7. 776E-92
47 9.890E-91 9.009E-91 9.890.£..,01 9,.090£-91 9.800E-91 -5.657E-e2
48 9.aaOE-Ol 0.000E-0t a.aeeE-at a.ge0E-01 a.OaeE-51 -2.502E-a2



~ABLE 3. - Concluded~
):~

(e) Concluded

Mode
shape X real X imag Y real Y imag Z real Z imag
loc

49 9.000E-01 0.000E-91 9.900E-91 9.090E-91 9.990E-91 -8.455E-92
51 9.000E-01 9. 008E-91 0.099E-81 8. 988E-81 8.898E-81 6.970E-93
52 8.999E-01 9.999E-91 9.999E-81 8.900E-81 8.900E-01 -7.951E-03
53 8.000E-01 0.000E-01 8.008E-01 8.000E-01. 0.000E-01 4.630E-03
54 0.000E-01 9.998E-91 0.090E-81 9.988E-81 8. 000E-81 7.820E-83
55 0.890E-91 9.909E-91 0.988E-81 8. 999E-81 8. 898E-81 2. 197E-82
56 8.008E-81 8.888E-01 8.888E-81· 8.888E-81 8.0a0E-01 4.583E-02
57 0.099E-91 9.000E-91 0.999E-01 8.999E-91 8.909E-91 1.916E-91
58 8.880E-81 8. 989E-81 8.809E-81 8.988E-81 8. 888E-81 1.248E-91
59 0.099E-91 9.090E-91 0.099E-01 8.989E-01 9.900E-91 6.691E-03
60 8.000E-01 8.000E-01 0~008E-01 0.080E-01 0.908E~01 -1.381E-02
61 8.808E-01 8.000E-91 8.009E-81 8. 988E-81 8.888E-91 -3.216E-82
62 9.999E-91 9.098E-01 0.098E-91 8.998E-81 8.898E-91 -4.118E-92
63 9.009E-81 8. 888E-91 8.888E-81 8.888E-81 8.889E-81 -4~525E-02
64 8. 899E-81 9.998E-81 8. 989E-81 8. 889E-81 8.999E-91 -2.834E-92
65 8.000E-01 0.000£-01 0.000£-01 0. 900E-91 a.900£-91 -1. 811 E-92
66 0.090E-01 0.000E-01 9.009E-01 9.890E-01 0.000E-91 3. 377E-92
67 9.000E-01 9.000E-01 0.000E-01 0.000E-01 0.000E-91 -7.689E-04
68 0. 099E-tH 8.900E-91 9.998E-91 8.099E-91 9.999E-01 -7.542E-03
69 9.099E-91 0.908E-91 0.990E-81 8.998E-81 8. 899E-91 1.337E-92
70 9.090E-91 9.ae0E-al 0.999E-01 0.BeeE-91 8.999E-91 1.994E-92
71 0.009E-01 9.000E-91 9. 099E-81 0.909E-91 0.000E-91 -5.008E-92
72 0.000E-01 9.900E-81 0.000E-01 0.000E-01 0.900E-91 -1.753E-01
73 9.090E-01 0.o00E-91 9.009E-01 0.900E-91 9.009E-01 -3.773E-01
74 0.000E-01 0.000E-01 0.000E-01 0.000E-01 a·.000E-91 -5.361E-01

75 0.000E-01 0.000E-91 0.000E-01 1.243E-03 0.000E-01 0.900E-01
76 8.009E-81 0.990E-91 0.999E-01 2. 487E-03 0.008£-91 0.099E-91
77 9.989E-01 9.099E-91 0.009E-01 5.514E-03 0.909E-01 0.900£-91
78 0.000E-01 0.000E-91 0.000E~01 -4.810E-93 0.000E-01 -2. 535E-03
79 0.090E-91 9.000E-91 9.080E-01 -4.761E-03 0.999E-91 -8.671E-94
80 0.999E-01 0.000E-91 0.099E-01 -3.681E-03 8.990E-01 1.487E-93
81 9.8eeE-01 0.ea0E-91 0.e00E-9t 3.403E-83 9.9a0E-91 4.614E-03
82 0.089E-01 9.000E-91 0.009E-91 3. 338E-03 0.009E-91 2.340E-03
83 9.aeeE-01 9.999E-91 0. 0geE-9t 3. 436E-83 0.9a9E-81 2.529E-93
84 0.900E-01 0.000E-el a.0aeE-al 3.387E-a3 a.aaeE-al 2. l11E-03
85 a.009E-91 9.000E-01 0.009E-01 1.292E-03 9.000E-01 1.162E-03
86 0.809E-91 9.999E-91 9.009E-91 2.299E-93 9.990E-91 4. SaSE-a4
87 9.900E-01 9.909E-01 0.0geE-01 1. 914E-93 8. 999E-01 -4.638E-93
88 0.990E-91 9.9a9E-el 9.909E-91 -6.479E-93 9.909E-81 7.689E-94
89 9.090E-91 9.000E-91 0.999E-01 1.585E-92 9. 009E-91 4.278E-03
90 9.990E-01 0.090E-01 0.0aeE-81 1.378E-02 9.999E-91 2. 683E-93
91 0.009E-01 0.099E-91 9.000E-91 1.782E-92 a.aaeE-al 2.683E-93
92 0.0eeE-el 0.aeeE-a1 a.50eE-01 1.911E-02 a.500E-51 -4.451E-03
93 0.099E-91 9.900E-01 0.009E-91 8.917E-04 0.999E-01 -2. 192E-03
50 9.099E-91 8.0a9E-91 9.909E-91 9. 090E-81 9.000E-91 1.107E-01
94 O.aaeE-al 9.00eE-el 9.90eE-91 5.203E-93 9.000E-81 -6.741E-03
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TABLE 4. - ANTISYMMETRIC MODE SHAPE COEFFICIENTS
(Mode shape location is the same

as test point in table 1 • )

(a) First wing bending mode, 13.56 Hz

Mode Mode
shape X coeff Y coeff Z coeff shape X coeff Y coeff Z coeff
loc loc

1 ~. ~HH~eE-~l e.ee~0E-el -9.2668E-02 ,10 0.3330E-01 0.e330E-01 9.4212E-01.. v

2 0.0000E-01 9.9990E-81 -1. 1486E-01 49 0.0000E-01 9.0ee0E-01 1.3337E Be
3 e.BeeeE-al 9.eB99E-~i -1.4442E-01 51 a.0eS9E-91 0.B009E-91 1.1214E-91
4 0.0000E-91 9.09aeE"C"~H -1.4230E-91 52 9.0999E-91 9.8909E-91 1.7234E-91 "

5 9. 9000E-91 9.9099E-91 -1.S92SE-91 53 8.9990E-01 0.000eE-91 1.5862E-01 t
6 0.0000E-01 9.9999E-91 -1.9692E-91 54 9.8808E-81 8.9008E-91 1. 3986E-91
7 9.0000E-01 0. 9000E-91 -1.2915E-91 55 9.B090E-81 8.090QE-01 2. 8330E-92
8 9.0999E-01 9. 9008E-31 -4. 8649E-92 56 9.0909E-91 0.Be88E-91 -1. 2797E-91
9 a.BeeeE-al 0.eeeeE-01 2.3119E-02 57 9.9099E-91 0.0009E-91 -3.7887E-91

18 0.9000E-81 9.9999E-91 1. 9192E-91 59 9.9999E-91 9.9898E-91 -6.9986£-81
11 0.0800E-91 0.8999E-91 2.8974E-91 59 0.8899£-01 9. 9909E-91 l.iJ950E-01
12 0. 9888E.;...91 8.ge99E-91 3.6942E-01 60 0. 0080E-01 a.0000E-91 1.3693E-01
13 9.0e09E-01 e.0e90E-91 4.3520E~01 61 8.Bee0E-91 0.8eeeE-81 1.46eSE-tH
i4 8.8eeeE-01 0.0eeBE-&1 5. 7379£-~H 62 8.0008E-01 8. 0090E-01 8.6983E-02
15 0.0000E-81 9.9980E-01 -7. 1679E-02 63 9.9ge0E-81 8.8ee8E-91 -2.8167E-82
16 a.0e0eE-el a.BeaeE-fll -7.9901E-e2 64 8.8800E-01 0. 0009E-81 -2. 1898E-01
17 9.9000E-81 0.8699E-91 -1.1346E-01 65 8.eeee£-Ql 9.e900E-91 -4. 3996E-01
18 0. EHHJ9E-01 0. 0990E-01 -1.5488E-81 66 8.gee9E-81 8.8080E-01 -8.7504E-81
19 0.0000E-81 0. 0000E-01 -1.6135E-01 67 0.0090E-81 8.0000E-81 -1.3953E-91
20 8.0009E-81 0.9900£:"91 -1. 3253E-91 6a 8.BBeeE-81 9.8e8eE-91 -2.3649E-81
21 0.BeeeE-BI e.0900E-91 -2. 8085E-92 69 9. 9980E-01 9.0099E-91 -2.9958E-81
22 8.990eE-91 9.0999E-91 3.9116E-92 70 9.0980E-91 8.9089E-91 -3.8904E-91
')"1 0.eae0E-01 0.eeeeE-01 1.2716E-01 71 9.0930E-01 9.Q000E-Q1 1.3253£-91'->J

72 8.8908E-01 9.0080E-91 2. 1398E-91
~A n n.'1r1nr- n f I~ nnnnr 1"'1" 2.9718E-91 73 8.ege9E-91 8.9809E-91 3.9975E-81
c't 0.0000':-01 0.00001:-1:11 74 0.9009£-01 0.0000£-01 3.3271E-0125 0.£1098E-01 0.0e99E-91 3.3336E-01
26 9.0090E-91 0. 998eE-91 4.6239E-I:H
')? 8.9000E-01 0.0e00E-01 6.6033£-01 75 8.9099E-91 1.9672£-91 9.0090E-91'-I
28 8.8809E-01 9.e999£-91 -8.0470E-92 76 8.9089E-01 3.1119E-91 9.9990E-01
29 8.0099E-81 0.0989E-91 -1.2984£-91 77 8.8999E-81 5.5128E-81 9.8090E-81
30 0.0990E-01 8.0000E-91 -1.2989E-81 78 9.0999E-01 1.1299E-81 7. 7743E-03
31 9.00e0E-91 9.e0e9E-91 -8.6617E-02 79 9.geeeE-81 9. 6548E-92 1.9945E-93
32 0.0000E-01 8.0998£-91 2.6254E-02 89 0.9909E-91 1.0717E-81 7.4487E-03
33 a.BeeeE-al 9. 0008E-01 1.9212E-81 al 9.eeeBE-91 9. 1216E-82 5. 0065E-83
34 9.00e0E-91 9.0090E-91 2.9335E-01 82 9.0e90E-81 7.5301E-02 9. 9998E-81
35 Ja.88e8E-81 0.8889E-81 3.tJ397E-el 83 9. 0ge9E-91 8.23B4E··92 4. 9658E-93
36 a.000eE-01 0.0809E-81 4.3321E-91 84 8.aee8E-01 7.5268E-82 6.5125E-03
37 0.e0eeE-91 0.0998E-91 6.1690E-EH 85 9.0009E-91 7.5952E-92 -·9. 3618E-04
.." .... 0.0000E-01 0.0000£-91 8.2583£-91 86 8.BeeBE-Bt 9. 5734E-92 2.e352E-03
~o

39 0.0000E-91 0.ge09E-91 -9.5571E-92 87 9.9080E-81 1.9587E-01 1.1478E-02
40 0.0000E-01 9. 9999E-91 -1.191eE-01 sa 8.0999E-81 1. 9274E-91 9.9009E-91
At a af.laac at £I QQQIlC £It -1.1401E-01 89 9.9999E-01 -2.7866E-91 1.8317E-93... u. U"JU"J~-U.&. u.U~U<l'--U.l.

42 0.90139E-91 0.ge09E-91 -6. 5492E-02 99 9.B9130E-91 -2.5627E-91 -3.6633E-03
43 0.0099E-91 9. 0009E-01 5.5438E-92 91 9.9099E-91 -2.9872E-al 1.64'33E-92
44 9.00EH3E-01 0.0909E-91 1.3912E-91 92 9.ge00E-el -2.6510E-0t 1.9619E-a2
45 O.BOeBE-flt 0.0099E-91 2.4271E-91 93 9.geeeE-01 -2.0189E-82 -8.1497E-83
46 :1. 00013E-01 0.13990E-91 3.5831E-81 5e 9.00e0E-01 9.9909E-91 5.6692E-91
47 e. BeeeE-e.l1 13.9'300E-01 5.9342E-91 94 9.aSSaE-et -9. 2884E-e3 -1.9?82E-81
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TABLE 4. - Continued

(b) First lateI'al fuselage bending/,mode I 18. 18 Hz

Mode Mode
shape X coeff Y coeff Z caeff Shape X coeff Y coeff Z coeff
lac lac
1 0.00eBE-01 a.BeBeE-Bl -8. 8903E-04 4n - 0.0000E-91 9.0909E-91 9. 8662E-030"

2 0.0000E-01 0.0000E-01 -1 .2749E-03 ,f 41 a.aeeeE-01 0. 0000E-01 1.8049E-02
3 0.0608E-01 0.0000E-01 -1.4922E-03;. ~ 5 0.00e0E-0t 8. 8000E-91 2.1613E-03
4 0.ge09E-91 9.9999E-01 -2. 8488E-93 V 52 0. 9geOE-01 a.0egeE-91 3. 3888E-93
5 a.aee0E-al 0.0800E-01 -2.2693E-931V 53 a.SeeSE-01 0.0090E-81 4.. 0632E-03
6 0.0009E-91 9. 0009E-91 -3. 9539E-9V 54 0.9000E-91 0. 9090E-01 4.9191E-03
7 0.9000E-01 0. 0009E-81 -2. 9766E-03,! 55 a.00e0E-01 0.0009E-91 4.4623E-93
8 0.00e0E-91 9. 0000E-91 -3.9960E-0 - 56 0.0090E-91 0. 9999E-91 2.2417E-03
9 0.ee00E-01 0.0000E-01 -3.8762E-0 ' 57 a.eeB0E-91 9. 0009E-81 -3.2159E-93

10 0.00e9E-01 0.0ee9E-01 0.0000E-01 58 0.ee00E-01 0.0009E-81 -5.5515E-83
11 0.0090E-81 8. 8009E-01 -1.7636E-03 59 0. 00e0E-91 0.ge00E-01 2.9805E-03
12 9.ge00E-01 9.0000E-81 3.5996E-83 69 0.ee0eE-01 0. 8000E-01 4.6414E-83
13 0.0000E-01 0. 0900E-01 3.2361E-03 61 0.0000E-91 9.0008E-01 5.4290E-03
14 0.0000E-81 8. 0809E-01 5.2854E-83 62 e.0099E-01 8.0e89E-91 5.4962E-93
15 9.9090E-01 0. 0000E-01 6.9981E-04 63 0.8000E-01 9.0090E-91 4. 4926E-03
16 9.0009E-01 0.0000E-01 -1 .0062E-03 64 9.9990E-81 8.8808E-81 -1. 4817E-83
17 0.gee8E-91 0.0e00E-81 -9. 9044E-84 65 0.0000E-81 0.0000E-91 -2.7171E-03
18 0.9000E-01 8.0e80E-01 -2. 0336E-83 66 a.0000E-81 9.9000E-81 -9.6700E-03
19 B.ge9BE-91 9.geeeE-81 -3. 1676E-93 67 a.geeeE-01 0.8000E~91 -4.7362E-03
29 0.0000E-01 9.9000E-01 -3. 4929E-03 68 0.0009E-01 9.0090E-91 -1.1133E-82
21 8.0090E-81 8.8089E-Ol -3. 7683E-83 69 a.eeeeE-91 9.0ee9E-91 -1.5083E-92
22. 0.0e00E-81 0. 0000E-01 -3. 1333E-03 70 9.0009E-01 0.0e00E-01 -1.8263E-02
23 0.0909E-01 0.0009E-01 0.0000E-91 71 0.ee90E-01 9. 9099E-91 5. 4299E-03

72 0.0e09E-91 9. 9999E-91 8.6991E-03
24 0.0990E-91 0. 00BBE-91 a.BeeeE-Bl 73 0.e0eaE-91 a.Be0eE-01 1. 3147E-92

25 0.0e99E-91 9.0009E-01 -2.5103E-03 74 0.0000E-91 0.0000E-91 1.5569E-02
26 0.0ae9E-91 9.aBBeE-91 2.8976E-B3 75 a.00e9E-01 -3. 4586E-93 9.0909E-01
27 0.0000E-01 0.ge00E-91 5.3012E-03 76 0.0000E-01 -4.0724E-93 9.9999E-91
28 9.0008E-01 9.0099E-91 -7. 1912E-04 77 0.0909E-01 -8.5983E-03 0.0990E-01
29 0.0000E-01 0.9a99E-01 -2.7316E-93 78 0.Bge0E-01 -2.0758E-92 -3.9078E-03
30 0.0009E-01 9. 0000E-01 -3.7550E-93 79 0.9090E-01 -7.9486E-03 -1.5239E-03
31 a.0990E-91 9. 0999E-91 -4. 5874E-93 89 9.0ge0E-81 -1.4620E-93 3.9117E-94
32 0.0999E-01 9.0099E-01 -3. 4705E-93 81 0.9000E-01 4.7718E-03 1.9747E-93
33 9. 9000E-91 9. 0000E-01 -2.. 9858E-03 82 0.eeee£-91 7.9556E-03 1.9339E-83
34 0.000eE-01 8. 0009E-91 -2.3971E-03 83 0.0000E-01 1.0332E-92 1.1496E-03
35 0.9999E-91 0. 0999E-91 -2. 7645E-03 84 9.9900E-01 8.7915E-93 1.9984E-03
36 a.90eeE-Bl e.e9BeE-el 2. 2074E-03 85 0.9a08E-01 3.4060E-03 -2.5156E-04
37 9.0000E-01 9.0009E-91 5.2380E-03 86 9.00e9E-01 -1.2196E-93 0.B990E-0t
38 9.0e0eE-01 9.9999E-01 9. 0365E-93 87 a.Bee0E-91 -1.3532E-92 -9.9966E-04
39 0.0990E-01 0. 0009E-01 -1.9550E-03 88 a.9000E-01 -2.4569E-02 -2.3194E-03
40 0.0e00E-01 9.0000E-01 -3. 3783E-03 89 0.9000E-01 3. 6839E-03 1.3237E-93
41 0.0000E-01 0.0009E-01 -3.8261E-93 90 0.0000E-91 3. 4679E-93 a.2449E-04
42 0.9000E-01 0.0900E-91 -4.3749E-03 31 0.a000E-01 2. 7593E-03 9.5225E-04
43 a.0000E-91 0.eageE-a1 -3.8590E-93 92 8. Be90E-01 2. 9753E-93 9.9990E-01
44 0.a0S0E-01 9.0000E-91 -2.8897E-93 93 0.0000E-91 -3.2268E-94 9.0009E-91
45 0.e000E-91 9.9000E-81 -2.2351E-03 5e 9.0eeeE-01 0.eeeeE-el 4.8666E-e3
46 0.0009E-01 0.0000E-01 -2.7158E-03 94 0.8000E-91 -4.3155E-92 1.5609E-92
47 0.0000E-01 9.0000E-01 3. 3809E-03
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TABLE 4. - Continued

(c) vertical tail mode, 28.50 Hz

~e n nnnnr n4 n n~~~r n~ ~ nnnnr ~t

IJ o.oeOOC-Ol O.~i~IC-OC o.oooee-Ol
76 a.90e9E-91 2.5226E-el 9.gee8E-e1
77 a.eeBeE-a! 8.8919E-9! 0.eegeE-91
73 0.0eeaE-al -9.6693E-03 0.BeBeE-a1
79 8.aeeBE-a1 -3.7603E-B3 9.8899E-81
80 8.eeeeE-0t -1.4235E-03 9.Oee9E-81
81 8.SaaeE-Sl -6.9834E-04 8.8999E-81
82 B.00El0E-01 -1.3967E-93 -4.5661E-84
83 a.Bee0E-81 ll.ee98E-81 8.8988E-91
84 a.eeeeE-9t 2.e682E-03 8.9578E-94
85 0.0ee0E-01 2.0144E-03 -t.2892E-03
86 8.Bee8E-81 1.3439E-83 -2.2562E-03
87 9.B998E-91 -8.7924E-93 t.3698E-93
88 0.SBSeE-01 -2.0628E-02 -3.4648£-83
89 a.BeB0E-al 9.9111E-93 9.0ea0E-01
913 e.BeeeE-91 7.3326E-93 0.9988E-91
9t 0.9ge0E-el 7.4669E-93 a.aeaaE-01
92 0.eaa0E-01 5. 0764E-03 1.9876E-a3
93 a.Bee0E-BI -2.2839E-03 1.9339E-03
50 0.gee0E-0t 9.0909E-91 2. 3072E-92
94 0.0e00E-0t 2.9217E-0t 4.695eE-02

0.0eoaE-01 -6.6611E-02
8.000SE-81 -1.5492£-01
8.ea80E-81 -1.0797E-82
a.Bae0E-a! -2.3663E-92
e.aSaaE-OI -3.8462E-02
a.BeeSE-91 -6.1824E-82
9.8eSeE-Ol -7.319tE-82
9.Bee8E-at -7.5152E-92
0.0009E-91 -6.1911E-02
9.ge99E-91 -2.9S08E-92
0.~90eE-el -6.5805E-03
0.00e0E-01 -1.7888E-02
8.S08SE-81 -3.3171E-82
8.0809E-0t -4.7433E-02
e.SeaeE-a1 -5.8992E-92
9.0009E-91 -5.2537£-02
9.0ee8E-01 -2.68B0E-82
0.0ee0E-at 4.~88eE-92

0.0000E-01 -2.4899E-02
8.6889E-01 -7.4893E-82
8.0eeBE-91 -1.1042E-9t
9.e8eeE-81 -1.6833E-81
a.aa8SE-at 1.9177E-92
9. 90a8E-91 4.1256E-92
0.eee~E-0t 6.6262E-92
0.a0e0E-01 8.2968E-02

Mode
shape X coeff

loc
1 9.0e09E-91
2 0.0eeaE-01
3 9.0e09E-81
4 9.BeeBE-91
5 a.eeeeE-91
6 a.a00BE-al
7 0.0000E-01
8 9.eeeeE-9t
9 0.eeeeE-01

Ie 0.eeaSE-a1
11 0.8e09E-01
12 0.BeeeE-e1
13 0. 990BE-01
14 0.BeeeE-el
15 0.see0E-9t
16 0.0ea0E-01
t7 8.eeeBE-S1
18 0.0e09E-91
19 0. eee9E-EH
29 9.9909E-01
21 0.eeeeE-01
22 9.eeeeE-at
23 a.0eeeE-St

24 a. EHle0E-B1
25 0.aeeeE-a1
26 B.eeeBE-9t
27 a.seeeE-at
28 0. EHH,SE-9t
29 9.0eeeE-9t
3a a.aaeSE-0t
31 a.BeeBE-9t
32 0.BeeeE-0t
33 8.0S99E-91
34 0.0a00E-01
35 9.aeeeE-01
36 a.seeeE-9t
37 a.BS99E-9t
38 a.aeeSE-at
39 a.BeaeE-9t
49 9.BgeeE-al
41 O.seeeE-el
42 8.B0BBE-B1
43 S.seeeE-0t
44 0. BseeE-at
45 9.0e09E-01
46 0.e@e0E-8i
47 9.8eBeE-81

20

Y coeff

9.e0e0E-01
0.0e00E-01
a.BeeBE-91
9.9a0eE-BI
S.9S0BE-0t
9. 9099E-01
9. 0009E-01
0.0899E-91
0.0000E-01
a.BgeeE-Bl
9.0099E-91
a.BeeeE-91
9.0099E-91
9. 9909E.:.01
e.9998E-91
0.0e00E-01
e. B9EHlE-81
9. 9909E-81
a.BeeaE-al
8.8889E-81
8. 0998E-81
9.ge99E-91
0.0000E-01

9.9999E-81
1l.09a8E-0t
9.9099E-9t
0. 000eE-01
8.B009E-61
a.ge9BE-a1
S.eee0E-01
9. ElElEHlE-B 1
0.0998E-9t
9. 9888E-91
0.0000E-0t
a.BeeBE-6t
9.089aE-91
9.geeeE-at
lit. Be9SE-at
0.gee8E-01
a.0e90E-0t
a.0eeeE-0t
9. 9666E-61
0.9909E-01
B.BeBeE-01
e.9El9QE-Ql
0.913013£-81
0. BeB9E-01

Z coeff

3.3843E-03
5. 39137E-93
7.6230E-93
1. 1523E-02
2.1434E.:.02
3.7576E-02
4.5916E-02
5.874tE-02
6. 4462E-02
5.9869E-92
5.9198£-82
5.4S14E-02
4.0155E-02
3.8855E-82
4.2975E-03
3.4648E-03
9.8516E-93
1.8399E-92
3.1989E-82
4.5878E-92
5.2644E-82
5.5357E-92
5. 4820E-02

5. 3584E-82
4.3512E-02
3. 6972E-02
2.1326E-02
3.4389E-93
1.4182E-02
2.6295E-82
3.7522£-02
4.2169E-82
4.1739E-92
3.7925E-02
3.0217E-82
1.8667E-82
3.3305E-83

-3.7684£-02
-1.4773E-03

1.!683£-92
2. 3502E-02
3.4031E-92
3.7818E-82
3. 6287E.,.82
3.3574E-02
2.4173E-82
8.7561E-03

Mode
shape X coeff
loc

48 0. eee0E-fH
49 0.0000£-01
51 e.13888E-8t
52 9.0ge0E-9!
53 O.eOaaE-01
54 9.aeeeE-81
55 9.ee89E-9t
56 B.BgeeE-Ell
57 9.0a90£-91
58 9.OOB8E-01
59 a.eeeeE-el
60 0.0eeaE-01
61 a.BeeeE-Elt
62 8.geS8E-9t
63 a.aeeBE-Sl
64 0.900BE-01
65 9.0899E-91
66 9.S0e0E-9t
67 El.Oae0E-01
68 0.88geE-01
69 9. aeEH3E-9t
79 a.BeeeE-at
71 8.S809E-01
72 0.8ee0E-91
73 S.SeeeE-9t
74 0.0eeeE-01

Y coeff Z coeff



Mode
shape X coeff
loc

TABLE 4. - Continued

Cd) Second late~al fuselage bendin9mode, 31.51 Hz

Mode
Y coeff Z coeff shape X coeff Y coeff

loc
Z coeff

fJ
1 0.Se90E-0t 9.aSS0E-Bt 0.0000E-91
2 0.0ee0E-01 0.0000E-01 0.0000E-01
3 8.0ee0E-01 0.0809E-Bl 0.9980E-91
4 0.0000E-81 0.0000E-01 0.0090E-01
5 9.5823E-93 8.3474E-03 -2.0651E-03
6 a.ee0BE-01 9.9900E-01 0.0000E-91
7 1.8401E-02 2.5058E-03 -1.5409E-02
8 9.gee9E-91 e.e9SeE-9t 9.0geeE-01
9 0.0000E-01 0.0000E-01 0.0000E-01

10 3.0894E-02 -9.3005E-93 -2.8245E-02
11 0.a890E-01 9.0000E-01 0.9090E-81
12 e.eeeOE-01 9. 9geeE-81 9.a999E-81
13 9.0e00E-01 9. 9090E-91 0.0099E-01
14 4.8711E-02 -1.8924E-82 -3.2993E-02
15 0.09S0E-01 9.9900E-910.0900E-81
16 8.0000E-01 0.0000E-81 0.9900E-01
17 9.0889E-91 0. 8098E-91 9.e909E-91
18 0.0900E-01 0. 0008E-01 8. 0000E-91
!9 0.eeeeE-e! a.ee0eE-el 0.8aeeE-91
2e 9.0e00E-01 0.9009E-01 0.9000E-01
21 0.0000E-01 0.0000E-01 0.0000E-81
22 0.0e00E-01 9.0009E-91 9.9990E-91
23 0.0000E-01 0. 0000E-01 0.0000E-01

24 0.0000E-01 0.0000E-01 0.0000E-01
25 0.9000E-81 0.0009E-01 ·0.9090E-01
26 e.0e99E-01 0.00e0E-Bt 0. 8098E-01
27 4.6118E-02 -1.9723E-02 -3.2452E~02
2a 9.0e0eE-01 8.0009E-81 8.8009E-91
29 0.0000E-01 0. 0000E-01 0. 8909E-91
30 9. 0ge9E-01 9. 000eE-01 0.8090E-01
31 a.0000E-81 0.0008E-01 0.0008E-01
32 0.0000E-01 0.0000E-01 0.0900E~01
33 0.0ee0E-01 8.0000E-01 0.8000E-91
34 0.0000E-01 0.0000E-01 0.0000E-01
35 0.00e0E-01 0. 0000E-01 0.0800E-01
36 0.0000E-01 0.0080E-01 0. 0000E-01
37 0.0e00E-91 0.e000E-01 0. 0000E-01
38 4.7440E-02 -2.9464E-02 -4.4735E-03
39 0.0000E-01 0. 0000E-01 0.0090E-01
49 5.6418£-03 2.3264E-93 -6.4565E-04
41 a.0000E-01 0.0000E-01 0.0000E-01
42 1.4789E-02 -7. 1586E-93 -3.5665E-93
43 0. 0900E-01 9. 0900E-81 0.0080E-01
44 a.ee8eE-el 9~9a09E-91 .0.9099E-01
45 2.6477E-02 -1.6756£-02 -7.9458£-03
46 0.0000E-9i 0.0000£-01 0.0000E-0i
47 0.0e0eE-91 e.geeeE-01 e.000eE-01

48 4.4284E-92 -2.7543E-92 7.4763E-03
49 0.0009E-01 9.Q009E-91 0.9990E-91
51 9.9999E-91 9. 9099E-91 9.0099E-91
52 -8.5933E-e3 7.7427E-93 3.2488E-93
53 0.0SaeE-a1 0.0000E-01 0.0000E-91
54 -2.9548E-82 -2.9823E-93 1.2462E-92
55 0.8090E-01 0.0090E-01 0.0080E-01
56 -3.2944E-02 -1.7059E-92 2.124eE-02
57 9"0999E-01 9.9909E-91 0.9900E-01
58 -4.9449E-02 -2.9142E-02 2.1927E-02
59 0.9990E-91 8. 9ge9E-91 0.9099E-91
69 -6.4873E-93 3.2026E-93 1.3169£-83
61 0.9999E-01 9.9098£-01 9.9988£-01
62 -1.6499E-92 -7.1432£-93 3.7394E-03
63 0.000eE-01 9. 9099E-91 9.0990E-01
64 -3. 1922E-02 -2.9953E-82 6. 6359E-03
65 0.0999E-01 0. 0999E-91 0.9999E-91
66 -4.9121E-92 -3.8611E-92 -3.8585£-93
67 0.0000E-01 0. 0009E-01 0.0000E-01
68 0.0009E-01 0.0000E-81 5.8519E-02
69 0.0099E-91 a.0009E-01 0. 000BE-01
70 9.0980E-91 9.ee90E-01 1.6791E-01
71 9.0909E-01 0.9099E-01 9.0989E-81
72 8.0809E-91 8.0009E-01 -3.1668E~92
73 0.0909E-01 9.0e09E-01 9.0090E-91
74 0.0000E-01 0.0000E-01 -9.2326E-02

75 0.0000E-01 9.6843E-94 0.0009E-01
76 0.8090E-91 8.4909£-03 0.0090E-91
77 0.00e0E-01 4.J351E-02 0.0009E-91
73 0.aee0E-al -3.0392E-02 -4.5708E-03
79 8.0089E-81 8.0459E-84 -5.3804E-04
80 9.0000E-01 1.6146E-02 2.2034E-03
al 0.00e0E-01 1.8765E-02 1.7986E-93
82 0.9900E-01 1.1396E-92 1.6551E-03
83 0.0000E-01 2.3213E-03 9.0009E-Q1
84 9.0089E-91 -2.8747E-93 -1.1968E-03
85 0.0000E-91 -5.~905E-83 -1.6756E-03
86 0.9090E-01 -3.7407E-03 -1. 1734E-03
87 0.0900E-01 5.6777E-03 9.9000E-01
a8 0.0900E-01 1.4322E-02 1.9575E-83
89 0.9090E-01 1.8099E-02 1.3169E-93
90 9.00e0E-01 1.1427£-92 0.0099E-91
91 0.0000E-01 4.6169E-03 -1.9985E-04
92 0.0000E-01 -8.7112E-04 0.0000E-91
93 0.0000E-01 -6.a469E-03 -8.9450E-04
59 0.0009E-Ol 0.0900E-01 0.0000E-91
94 e.00e0E-91 a.0000E-01 0.0900E-01

21



TABLE 4 .. - Continued'

(e) Second wing bending/torsion mode, 32.72 Hz

0.90e0E-91 -8.6193E-93 .
a.ee00E-91 -1.0458E-02
9.8eBeE-at -1.1829E-02
9.9000E-91 -8.2426E-93
9.ge89E-91 1. 1332E-82
9.0009E-91 4.8938£-02
a.8eeeE-81 7.3551E-92
9. 0900E-91 1.158@E-01
0.eee0E-01 1.4e89E-01
8. 8090E-81 1.S911E-81
9.8e09E-81 1.7624E-91
9.8899E-91 1.8982E-81
9. 9809E-91 1.7114E-91
a.8e@SE-9t 1.7976£-91
0.eee0E-01 -6.3289E-03
0.0eeeE-01 -7.2029E-03
a.ee89E-al -6.7297E-83
9. 0990E-01 7.0371E-93
0.9889E-81 2.7953E-82
9.8898E-81 5.7111E-02
0. 8099E-91 9.2839E-82
e.a888E-91 9.8791E-02
0.eeeeE-at 1.2522E-01

-5.9323E-B3 0.B000E-0t
-4.6623E-02 8.8889E-0t
-2.4749E-91 9.0aeeE~el

1.8173£-02 2.0192E-03
8.3188£-93 3.6466E-83
1.1934E-92 5.8919E-03
1.1633E-e2 2.5918E-93
1.4722E-92 6.9275E-04
2.5677E-02 -7.8358E-84
2.4497E-92 -1.1151E-03
1.4662E-a2 1.2507E-33
1.3471E-82 1.4014E-93
1.6967E-92 1.9137E-9~

1.4888E-02 -4.4151E-a3
-2.7606E-B2 6.4796E-04
-2.6385E-92 -6.7809£-04
-3.8697E-ij2 2.1247E-a3
-4. 1680E-02 1.2658E-03
-2. 1896E-93 -1.9589E-03
9.0009E-9t 1.4564E-01
2.1955E-02 2.9459E-02

Mode
shape X coeff
lac

1 ~. ee~HJE-al

2 a.eeeeE-01
3 0. 88tHJE-01
4 0.0B00E-91
5 a.eeeeE-at
6 a.0000E-01
7 0.0800E-el
8 9.eeeeE-9t
9 a.eeaeE-at

18 a.eeeeE-at
11 a. eeeeE-at
12 e.eeeeE-at
13 a.eeeeE-0t
14 e. 0000E-al
15 a.BeeeE-at
16 0.aeeeE-01
17 a.aeeBE-at
18 0. tHlB0E-0t
19 a.eeeeE-al
20 0.B080E-01
21 a.0aeeE-al
22 a.eeeeE-elt
23 0.eeeaE-01

24 a.aaeeE-ell
25 0.8000E-01
26 B.BeeBE-al
27 0.eeeBE-01
28 a.aeseE-al
29 a.aeeeE-et
3e e. eeS0E-EH
31 0.B00BE-01
32 a.eeeBE-ell
33 8.8eeeE-8t
34 e.eeeOE-01
35 a.aee0E-81
36 0.0000E-91
37 a.eeeeE-Ell
38 a.aSBeE-Bl
39 8.eeeeE-01
413 a.aeeBE-Bl
41 8.a000E-01
42 e.eeeeE-B1
43 a.oeeeE-01
44 a.eee0E-81
45 0.BBBeE-01
46 a.eee8E-131
47 a.seeeE-el
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Y coeff

e.eae0E-81
e.eeae£-81
e.B@eeE-91
a.eeeeE-al
9. 9880E-91
9.0009E-91
a.eeeeE-al
a.9309E-91
8.0ee9E-01
a.aeeeE-at
a.aeeeE-el
9.e8eeE-01
9. 9909E-01
9.a8eBE-9t
9.0009E-91
9. 0889E-et
9.ee0eE-0t
0.9a09E-01
e.aegeE-e1
8. 98e9E-91
a.eeeeE-a1
0.B009E-91
e.eee9E-el
9.0e@eE-01

Z coeff

1.2314E-91
1. 4749E-91
1.5952E-01
1.331eE-01

-7.3983E-93
5.1837E-03
1. 1959E-92
2.6732E-02
5.0513E-92
S.2319E-82
6.3439E-02
5.8346E-92
6.1465E-92
3.3961E-92

-2.2543E-92
-7. 67\39E-93
-9.4933E-03

3.9782E-03
1.8685E-93
2.292eE-02
2.5135E-92
2.9649E-02
1.6993E-92
9. 7344E-93

Mode
shape X coeff
lac

43 8.0000E-01
49 0.Bae0E-01
51. B.B39I3E-91
52 0.0e0eE-01
53 0.eeeeE-01
54 {3. tHHISE-81
55 S.eee0E-at
56 a.aee9E-01
57 a.0e09E-01
58 a.91!l09E-91
59 e.0eeeE-al
60 0.eee0E-91
61 a.eeeeE-el
62 a. liH39BE-01
63 a. BeeBE-EH
64 0.aBB0E-91
65 0.0eeeE-91
66 e.eeeeE-01
67 a.ee9BE-al
68 a.eeeSE-91
69 9.eee9E-01
7a a.seeeE-91
71 0.BeeeE-al
72 e. eeeeE-91
73 a. BeeeE-al
74 0.aeeeE-91

75 0.0e00E-01
76 a.9BeeE-9t
77 a.eeeeE-al
73 0.000eE-01
79 9.sseeE-i3i
813 a.aeeeE-al
81 a.eaeeE-B1
82 0.BaaaE-01
83 a.aeeeE-91
84 9.gee0E-91
85 9.ae00E-81
86 a.eeeSE-91
87 13 . eaeeE-Ell
88 a.aeeeE-91
89 0.0903£-01
ge e.e~0BE-fjl

91 a.eaBaE-e1
92 0. 0aeeE-el
93 B.0a80E-B1
5a B.0e00E-91
94 e.8eeeE-al

Y coeff

a. e006E-IH
0.e00eE-01
B. 8eeeE-~H
a.eeeeE-Ell
a.eeeeE-al
e.eeeeE-el
9.e9geE-91
9.99aeE-91
a.B0eBE-Ell
0.0000E-01
a.eeeeE-Elt
a.aeeeE-al
9.8ee8E-91
9.aaaeE-el
a.eeeeE-91
9. Qe~HlE-Ql
9.0008E-91
9.geeeE-91
9.eeeOE-01
e.9808E-81
9. 0990E-01
9.aea9E-91
0.B000E-81
a.Bee9E-et
8.BeeBE-al
a.ae0eE-01

Z coeff

-1.1315E-01
-3 .424J~-~1
-3.e28~-e3

-2. le~_£-132
-5.344. E-02
-1.8alIE-01
-1.61~5E-01
-1.9371E-91
-2. 1568E-91
-1.6B27E-EH

5.4997E-93
-4.4634E-93
-2.6958E-02
-6. 1363E-82
-9.76eeE-82
-1.1190E-01
-6. 9527E-132

4.3036E-e2
5.1294E-02
2.e5e3E-91
3.9784E-01
4.9376E-91
2.0358£-02
5.2B16E-02
9. e729E-92
1.231aE-31



TABLE 4. - Concluded

(f) Second wing torsion mode,;i48. 91 Hz

Mode Mode
shape X coeff Y coeff Z coeff shape X coeff Y coeff Z coeff
loc loc

1 0. 0909E-01 0. 0099E-01 3. B713E-e2 48 8.9900E-01 0. 0000E-01 2.2251E-01
2 8.0000E-01 0.9000E-01 4. 7999E-02 49\1 0. 0a00E-01 9.0009E-91 -7. 8420E-01
3 9.9909E-01 0. 9008E-01 4.9748E-02 5

M
' 0. 0088E-01 0.0888E-01 2. 4663E-82

4 0.0089E-01 8.0990E-01 2.2371E-92 52 0.0Sg0E-01 0. 0000E-01 6. 9767E-02
5 9.8990E-91 0. 0990E-91 -8.6289E-92 5' 9.0000E-01 0.0000E-01 1. 3091E-01
6 0.0000E-01 9.9000E-91 -1.7107E-01 51# 0.9000E-01 8.0009E-91 1.7149E-91
7 0.0008E-91 8. 8900E-81 -1. 8808E-91 55 0.0080E-81 9.0009E-01 1. 1457E-01
8 0.0900E-01 0. 9000E-91 -3. 1658E-02 56 0.0800E-01 0. 0009E-01 -6.5848E-02
9 0.0000E-01 a.S0SSE-SI 1.4032E-01 57 9.0900E-01 9. 9990E-01 -4. 9793E-01

18 0.0009E-91 9. 0909E-01 3.4783E-01 58 0.0908E-01 0. 9000E-81 -8.2819E-91
11 0.0808E-91 0. 0908E-01 6. 8086E-81 59 0.0099E-01 9. 9009E-91 2. 5748E-02
12 0.e998E-81 8.e988E-01 1.1233E 90 60 0.0000E-01 0. 0008E-81 1. 1035E-01
13 0.0000E-91 9. 9000E-81 1.5690E 09 61 9.0000E-01 9.0999E-91 2.8787E-91
14 0.0ee8E-91 e.0098E-91 1.9759E 88 62 9.0000E-91 9. 0909E-01 4.3163E-01
15 0.0900E-01 0. 0000E-01 3.9814E-92 63 9.0099E-91 0. 0909E-91 5.4192E-01
16 9.e009E-91 9.e000E-01 3.4853E-92 64 0.9900E-01 0.0009E-91 4.3621E-01
17 0.0009E-91 0. 9099E-91 -2. 8109E-02 65 0.0990E-01 9. 0090E-91 1.7125E-01
18 0.0090E-01 0.0008E-91 -1.3236E-01 66 9.0999E-01 9. 0999E-01 -4. 1921E-01
19 0.0990E-91 9.9998E-01 -3.1597E-01 67 0.0000E-01 0. 0000E-01 7. 3144E,..02
29 0.0099E-01 9.ge09E-91 -3.4829E-91 68 9.0098E-91 9. 9009E-81 -3. 7295E-92
21 0.0000E-al a.0098E-91 -2.7979E-01 69 0.0990E-01 9.0008E-91 -9.5817E-02
22 0.0980E-81 0.00Q0E-91 -1.2325E-01 70 8.e998E-81 8.8ge9E-al -2.2389E-81
23 0.0000E-01 0.0000E-01 1. 0914E-01 71 0. 0900E-01 9.0909E-91 -4.7818E-02

72 0.8898E-01 0.0008E-81 9. 9495E-82
24 0.0000E-01 0.0000E-01 5. 9923E-01 73 0. 9999E-91 9. 9999E-91 2.9595E-91
25 B.BeBeE-at 9.81308E-91 9.2285E-01 74 0.8e09E-81 0.0800E-91 5.5621E-81
26 9.00Q0E-01 Q.00Q0E-01 1.3999E 99
')7 11 1111G111C' 111 11 111l1l1'l1: 111 t OQQtC' all 75 0.0000E-01 -9.8229E-02 0.ae00E-01<., u.t,lUfJUI..-V.I. u.tJ~tJUL..-Uj, .l.UJJJ,L..tJu
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33 0.0099E-01 0.9909E-91 -1.0861E 90 81 0.eeeeE-01 -5.2883E-92 -1.5678E-92
34 9.gee8E-01 8.9999E-01 -9. 1234E-01 82 0.B0eBE-01 -4.8662E-92 1.3929E-02
35 0.0e00E-01 9.0909E-91 -8.2539E-01 83 0.00eeE-01 -6.6993E-~2 3.3225E-92
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46 0.0000E-81 9. 8080E-01 -1. 4995E ee 50 0.0008E-01 8.8000E-91 1.9386E 80
47 0.e098E-91 9.0009E-91 -1.0809E 08. 94 0.9900E-91 -1.2808E-01 9.5093E-92
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ECN 20817A

Figure 1. Aeroelastic research wing
(ARW-IR) on modified Firebee II drone
vehicle.

ECN 18476

Figure 3. Aileron restraint fixtures
installed on ARW-IR vehicle.
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ECN 18473

Figure 2. Speed brakes installed on
ARW-IR vehicle.

ECN 18477

Figure 4. Overhead vehicle support
system.



ECN 18474

Figure 5. Nitrogen-pressurized air
springs used to isolate vehicle from
support structure.

ECN 18463

Figure 7. Connection between aircraft
and shaker.

Structural
test and
analysis
system

Figure 6. Schematic of excitation
signal generation.

ECN 18458

Figure 8. Wedges used to maintain nor­
mal coordinate system in wing glove
area.
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Figure 13_ First symmetric wing bending mode_
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Figure 14. Second symmetric wing bending/torsion mode.
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Figure 15. First symmetric vertical fuselage bending
mode.

28



50

Contour
magnitudes

o 0
o 0.1
b. 0.2
¢ 0.3
o 0.4

• -0.1
A -0.2

• -0.3
• -0.4

450400350200150

-50 L-__-'-__-' --L-__-----'-- L.-__--'--__----'

100

Wing
station, 0

y

Figure 16. Second symmetric vertical fuselage bending
mode.
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Figure 18. Antisymmetric first wing bending/torsion mode.
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Figure 19. Antisymmetric second wing bending/torsion mode.
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Figure 21. Vertical tail mode.
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Figure 22. Second antisgmmetric lateral fuselage bending
mode.
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