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INTRODUCTION

Accurate structural modeling becomes increasingly important as desiygners continuc
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 effectg
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 modified 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 retaining 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 aeroelastic research wing no. 1
ARW-1R aeroelastic research wing no. 1, rebuilt
DAST drones for aerodynamic and structural testing
FSS flutter suppression system
f frequency, cycles/sec
GVT ground vibration test
g acceleration due to gravity
K multiplication factor

MARS midair recovery system



8 Laplace variable

X, Y, 2 conventional coordinate system
A difference between measurements
11 damping ratio

¢ phase angle, deg

w angular frequency, rad/sec

Wy 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; 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 constructed; 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
Wh, = 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.




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 Hz, 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 system ini-
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/1b).
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 (10-1b) shaker was used in the vertical axis at the right
wingtip, but a 222.40-N (50-1b) 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 spanwise rows 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 2 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 % direction), where X, Y, and Z are
axes in the conventional coordinate system.



Data Collection

The majority of the collected data consisted of single-axis measurements when
the primary modes consisted of single-axis responses. To 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
engsemble 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. 1Included 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.



Therefore, magnitude comparisons should not be made from 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,
Af, 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,

Bwy = K(Awq)

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

— = number of samples

and

X—~ = K X number of samples
w

Hence, for a fixed Aw, 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 Af, 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 1is 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



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 aerocelastic 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

point X Y z
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) Continuved

Test
point X Y z
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

point X Y 3
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




TABLE 1. — Concluded

(c) Horizontal tail test point locations

Test

point X Y z
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 X ¥ z
75 348.1 0 9.0
76 356.0 0 18.0
77 366. 1 0 29.5

(e) Fuselage test point locations

Test

point X Y z
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




TABLE 2. — FREQUENCY AND DAMPING OF MODE SHAPES

Freq;:ncy, Damping Mode shape
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 toxsion)
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

11
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.2117E-83
.9328E-83
.4166E-33
.80868E-81
.8adeE-81
.3461E-93

Mode

shape X coeff

loc
43
43
51
22
33
54

COIPIIOPRIIAIIRORIODRPIC

APVIAOIPPIIADODOPITIDCIOODDODO®
4

.8088E-01
.8983E-81
-B899E-B1
.899RE-A1
.8800E-01
.8889E-81
-89@RE-81
.809aE @]
.9898E-81

.9683E-81
.8888E-81
.ABRaE-81
.BBBBE-B1
.8880E-81
.8880E-81
.6ee9e_a1
.8883E-81
.gggaE-81
.B0a8E-21
.8038E-81
.8893E-a1
.83908E-01
.8988E-81
.8300E-81
. BBYBE-B1
.B800E-81
.8ea8e-at
.8088E-81
.8088E-081
.80Q8E-81

-

ORI RIPDISTROEPIOPDOE®®D

PO OHIDERDOOROITIROE N DO DD
|

Y coeff

.8080E-81
.8896E-81
.BB308E-81
.2a88E-A1
.ae88e-81
.6888E-81
.9000E-81
.8808E-01

.8ggee-at
.8B0BE-81
.B898E-B1
.8888E-a1
.Aagd8E-81
.A808BE-81
.88a4ae-a1
.48388E-81
. a@BwE-a1
.ARAQE-A1
.2eaec-at
.8098E-81
.8880E-B1
.8080E-81
.88680€-01
. A480E-81
.BAARE-A1
.9@88aE-81
.4133E-83
.80808E-81
.8483E-82

AL 00 O S bt bt o = PO L1 D

DOV

Z coeff

.2962E-82
.1345E-82
.3081E-83
.8547E-82
.6663E-83
.8272E-83
.2731E-83
.8688€-83
.7442E-83
.5477E-92
.9952E-82
.8653E-82
.8630E-92
.1839E-83
.8734E-83
.9880E-81
-9511E-83
.1635E-A2
.9381E-83
.1539€-82
.3328€-82
.6813E-82
.4822£-83
.3188E-83
.hA28E-A3
.6341E-83

.8888E-91
.8800E-81
.9880E-81
.3786€E-82
.9844E-63
.8898E-91
.2412E-83
.3373e-33
.6848E-83
.9212E-83
.7928E-83
.8888E-A1
.6826E-83
.4913E-82
.9878E-83
.8851E-83
.672RE-A3
.6316E-83
.2987E-83
.9110E-83
.7772E-92

13
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Mode
shape X coeff
loc

D N i TR D RN T ST, BN T (A E . TY RN N Y I Y X YN

PuY P8 000 00 bnt 5t ek & & bt o P Bt ach b

A KRN LSRN BRSNS E IS o YR o Kb o N Bn SR (B0 1S

gl GO T A ol QR AT MY PO T D)

T Y XD D e (5 ) 0D e B D ) D P 0D P DD O YD

t |

L=l XN ¢

et TR S0 PO 0D 0 D CD DY 28 1D O O S O D 7S 1D 0D O 1) O (D

PR ) ]

.. ISD'!"-"!WE"S.‘

DL AN R S SN KA <R

.BRARE-A1

.eéeeE-el
. bodc-v1
.aeeec-a1
pagpr_@t

pedat el g

.geagE-~-B81
.BouBE -0l
.a%rAE-8]

&!Tcﬂl.‘_el

. UuUL

B2EPE-61
NIRRT
@eepE-€1
(€BEEE-8]
gAREE-8]

a:;g “1
-e1

-1
-82
B

L-AIATE B c'.‘;l
l"l I‘"’Ml"‘l f'1

2 EN B Ul m W TR

LTI~y
t
X

[]

]
XN HOOERDD®OrDODMLNDE NI
LK) d

(c)

komm-—mma'.\mmwmmmmeb@tx-omma\mm

o e Q)

Y coeff

.BeARE-81
.BGEeE-B1

Ann s

.6o0ec-81
.spoeE-e1
.8RARE-A1
.8e8eee-g1
.BEQeE-61
.8157E-82
.8rege-e1

82co6L-a2

.@depc-81
.2028E-81

ganer_g@y

 6B30E-81
BEERE-@1
@, GE-01

MO DODTDOOEMNEOD®NDE D

Am&v-l-mmamm&mmmm&o&mmmmmm

WD S

TABLE 3.

Z coeff

-
.8208E-e1
.Gevdc-61
.886BE-01
.80eeE-81
6800E-61
.BenaE - 81
.98088E-081
.gg8eE-81
.8eRBE-B1
.883ec g1
.8g08E-61
.peeBE-01
.eergt-01
.pgeet-e1
.egeeL 01
.3674E-82
 geagr_g1
.B313E-62
.epane-01
.aeagE-al

TIT7E-83
BUUE-81
_BeAGE-a1
.8474E-83
_88aBE-@1
"4947€-83
eaeE g1
_2625E-82

. BBEBE-B1
.ARRAL A1

. peReE-81
.8eEBE-081
#re8E-081
goget a1
.BEEYE-B1
. BpaaE -1

.8EvRE-81

— Continued

Mode

shape X coeff

loc

O N =) N~
VOO ~I LN

}
Gl G D LI D M D aY (D

CE R 2D €O 0O M 3 €D M Ll 0] 1D G D P D

DODOOXARNVHRODN DO MDD WS

.BaROE-B1
.éggec-gi
. BoBeE-81

SRG2E-@2

.eease-081
.22@7E-82
.goeeE-61
.1934E-82
.8157E-@2
.1467E-82
.peeRE-a1
.9574E-82
.0BB6E-081
17S3E-@2
.pegec -a1
.B546E-82
.1195E-w12
_BP&2E-@Z7
.BeseE-81
.BBBBE-B1
.e@esE-@1
.fe@vE-B1
.8auaE-81
.BoARE-81
.@eedE-61

§8aE-41

.6oege-01
. BBt -¢l
.eBeeE-a1

eﬂﬁﬂf a4

ML 7L ey 7Y

.agpeE-81
.8pesE-81
.8esec-e1
.B8g8BE-B1
. BUGBE-81

RERAF A}

.ggeec-el
. guevE-@al
.8888E-B1
. 688RE-B1

GRhGe O

.84888E-61

paesr-el

. 8eeac-01

aaaac ﬂ 1
UUUUL T

 828AE-01

8aesE-a1

. 8866E -81

€O 2 B D D 13 (O =0 bt bt (D) 1o (T) s (XD N1 4o st (D) B OD TN O (3D X

Second vertical fuselage bending, 27.77 Hz

Y coeff

OO INODTHOHDIDOERPRHDC®

. UUOUI—"U 4

-8890E-61
.Bet -yl
.BBRE-0]
N
|800BE-81
.@808E-81
.e@eec-g1
608E-01

.88958C-81
.eeerE-01
.BEGQE 81

nan o4
JLL"UJ

.99685 al
.88eec-a1
.geget-e!

Z coeff

WONDAEADMNOD

J
NP DO X @

LI
) re s

DD E®OMNCI NP

.eazgl- Bl

ANLAr

.6g68c-81
.BoBIE-8B1
.1665E-@2
.BOBBE-@1
.829zE-82
.eeanE-e1
884232 -02
.9497E-82
.D5B2E-82

#4265 -01

oRus

PR T \JEQU‘-
.66AQE-B1
.73368E-82
.aeppt 21
.5G38E-8z
.B976E-B2
.BAARE-G1
.8gveE-81
.3878E-81
.868BE-81
.2502E-81
.9ee8c-81
.3849E-81
.BegRE-@1

Q7aaC_G1
. [ =l 1 Y

L T

. 8882E-61
.8pavE-v1
.BegeE-Qf

£7 fo!

B A A )

.3816E- 82
.38%4E-01
.9362E-81
“4634E-61
.2852E-82
.2278E-81
.3598E-81
.4561E-81
.8858E-81
.8626E-81
.8588E-61
.8988E-81
.8¢gsE-081

QLOGT _Q1

VOO ULTUS

.6e32c-81

886PE-B1

.8098E-81



Mode

shape X coeff

loc

L0 OO~ T N B (N PO e

DPAIITRODANOOIITITROIOEDD

PEOOIDHODOIRDOODRE®REE DD D E®

.AAABE -81
.888BE-B1
. 08808t -8l
.8808E-81
.89e8g-a1
.88a8E-81
.8ovat-a1
.A2AAE A1
.89e8e-at
.8880E-81
.38@8e-01
.8000e-at
.8308E-81
.g808E-81
.9R99E -81
.B868E-81
.8e88E-81
.848eE-61
.80608E-81
.888gE-81
. geBuE-81
.8069E-81
.B08eE-81

.6833E-81
. 8ddpE-81
.ABARE-A1
.8888E-a1
.8800E-81
.8080E-01
.8eeeE-a1
.8880E-81
.8836E-81
. B29RE-A1
.0088E-a1
.8840E-81
.9@88E-01
.80006E-01
.8898E-81
.0988E-81
.BAARE-41
.8883E-81
.8880E-81
.80008E-01
.8008E-91
.8088E-81
. degdE-o61
.ARARE-21

(d)

Y coeff

DL ORDDIETODIEEIPDIRER®ED

DAL OIIIDIROIRTODED

XD OODD

. BAA0E-dY
- @82eE-a

- @BABE-

.0888E-01
.8890E-A1
-38@8E-81
. @9u8E-1
.BRARE-A1
-8989E-81
-@9A8E-81
- 98ABE-01
_ARAAE-81
.9889E-81
.8908E-81
.ABARE-A1
.9080E-81
.@98eE-81
.8889E-91
.ABG8E-01
.8888E-81
. @8eeE-a1
. ABARE-B1
-8889£-81

.8008E-81
. 8BaaE-81
.BA0QE-81
.8080E-81
.89306E-81
.BOABE-a1
.808ee-81
.8488t-a1
.B8BEE-8B1
. AAARE-A1
.88008E-081
. 8380E-81
.8808E-81
. 8B88E-81
.8a88E-01
. Bg8BE-81

.BAARE-A]

-1.
-1.
-2.
.6141E-82
.4931E-82
.2224E-81
.2227E-81
.6355E-81
.3192E-81
. 1885E-81
.3355E-81
.2743E-81
.4482E-81
.885%¢t-01
.7462E-83
.8135E-82
~.9984E-82
.2082E-82
.7974E-81
.8663E-81
.1478E-81
.4398E-81
.7178E-81

B BN QO PO N S NN NN S W NIWO N

RO = PN 19 N NS 0 1lad Gl 1D LA NS I Gl Cd Gl N b T o 1) ] 0 o

TABLE 3.

Z coeff

7381E-92
8993E-82
6821E-63

.7485E-81
.3786E-81
.8826E-01
.9633E-81
.7837E-82
.9682E-82
.3648E-81
.3781E-81
.8938E-081
.1792E-81
.1158E-81
.6232E-81
.8161E-81
.3882E-82
.1318E-81
.2336E-82
.7?76E-A2
-1136E-81
.8867E-081
.9831E-81
.9812E-081
.9868E-081
.9847E-081
.2777E-82

— Continued

Mode

shape X coeff

loc

ORI DDODIODOPODODETO®

PO OIDDIIO®RE®IDED S

.8808E-81
.8888E-81
.BBBUE-81
.8ABAE-B1
.8806E-081
.66@6E-81
.8880E-81
.80880E-B1
.8880E-81
.88%aE-81
.800AE-A1
.8809E-81
.0d888E-81
.808808E-01
.0888E-81
.8888E-081
.BgeBE-81
.ABBAE-A1
.8886E-981
.8008E-81
.8080E-81
.80808E-81
.8806E-81
.8888E-0A1
.99R03E-B1
.8888E-01

.8¢edE-81
.08dE-81
.A00RE-A1
.8888E-81
.3868E-81
.808086E-81
.8880E-81
.98a8E-81
.B8e8E-81
.ARARE-At
.888aE-01
.88a8E-01
.@000E-a1
.808@0E-91
.B966E-81
.BggBE-01
.8022E-81
.B@88E-B1
.8980E-01
.8@@sE-81
.0g8eE-81

ORI DIPIPITRPIIIDOITIIEODECR®

[ |
Cod = Cal e

[}
bt gt Cud WD) ot po

|
NP = 0= NI~ PO M

Second wing bending/torsion mode, 30.30 Hz

Y coeff

.8888E-81
.808aE-81
. 9pUBE-B1
.BARAE-B1
.8888E-081
.8608e-081
.8A88E-B1
.8806t-81
.BA80E-81
.88a0E-081
. BAAAE-B1
.88B88E-81
.gaaac-a1
.8000E-a1
.8888E-081
.8888E-081
. 88@eE-81
.809RE-8t
.8808E-81
.B@dec-081
.9048E-B1
.8898E-081
.8000c-01
.8860E-81
.ARARE-B1
.8888E-081

.3833E-82
. 3885k -82
.2793E-81
.3998E-23
.8518E-83
.3977€-83
.8662E-84
.2487E-83
-1333E-83
.1333E-83
.6821E-83
.B777E-83
.0821E-83
.8374E-83
.8263E-83
.8399E-83
.8539E-82
.7462E-83
.6432E-82
.BOGAE-B1
.1373€E-83

Z coeff

-4.
1.2378E @@
.9839E-82
.9322E-82
.7789E-81
.2147E-81
.1557E-81
.6488E-01
.2475E-81
.3246E-81
.3977E-83
.95335E-82
.4374E-81
.3949E-081
.1966E-81
.1656E-81
.8318E-01
.8488E-4a1
.2185E-82
.9234E-82
.8827E-@1
.6682E-01
.6470E-82
.9763E-82
.7838€E-82
.7568E-82

i
o G G N 7= L) = N o B i G 0e \D e

UL
b e (i) -

-0 e

-1
-2.
-2.
-1.
-1.
-1.
~-1.
-1.
-1.

7894E-081

.83ddE-81
. 8848E-81
.B000E-81
.4846E-82
.2813E-32

3618E-82
1721€-82
3134€E-082
1186E-82
1931E-82
3979E-82
6281E-82
8653E-82

.7679E-82
.3870E-82
.3335E-82
.9941E-82
.7875E-82
.7498E-02
.8194E-01
.9994E-82

15
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Mode

(e

TABLE 3. —

Continued

) Unidentified mode (significant wing torsion), 38.96 Hz

shape X real

loc

R LRI TN V-1, ENT. N7 I YT XYY

el el o Y

18

DOTDOPIUDIDODROIOIODOODOD

e
8
8
e
8.
8
8
8
8
8

8
8
8
8
8
a
8
8.
8
8
]
8
8
9
8

.893E-01
.goee-a1
.8d6E-81
.800E-0a1
.888E-81
.838E-01
. BoBE-81
. 88BE-B1
.8a8E-a1
.836E-B1
.808E-01
.980E-01
.898E-81
.BBeE-61
.880E-81

afac_at
BRI w7 R Y

.886E-081
.B0BE-81
.899E-81
.833E-81
.2ugE-a1
. 9R9E-61
.BegE-01

.833€E-81
. BBBE-B1
.800E-081
.880E-81
gade-081
.80e8E-81
.B8RE-81
.888E-81
.883E-81
.800E-81
.888E-081
.6@8E-81
.880E-a1
.882g-81
.883E-81
.988E-a1
.833E-01
868E-81
.8@dE-81
.880E-B81
. 8@BE-B1
.888E-81
. gesE-81
.8R2E-01
.8B3E-81

X imag

.899€-91
.88aE-a1
.860E-81
.BBBE-81
.888E-01
.083E-a1
.6BBE-81
.ARAE-B81
.880e-a1
.869E-481
.8@0E-081
.888E-81
.883c-0t
.4BeE-a1
.@842E-81

anar_a1
UL =US

.B8BE-B1
.888E-81
.g@ee-at
.808E-81
.¥83E-81

DPIOORNORIIDOOIRODITLEOD OO

.88gE-81

.888E-81
.a@eE-81
.BA9E-81
.888E-01
.agaE-8t
.880E-81
.geee-gt
.8@vE-a1
.gBeE-81
.888E-81
.86ee-01
.8d6E-61
809E-01
.882E-@1
.88gc-81
.0BeE-81
.992E-81
.838t-81
.888E-81
.8808E-81
.8QAE_g1
.898E-31
.88eE-81

PIODDOPOUIONDDRDRDR OO ® M DS ®D

.ARAE-81

Y real

TPRAUDODINDOITOIDRNOITDPOIRO® D

0@G|O(DQQ@DS‘O@@QQOG&OOOQQ@@Q

.808E-81
.e8et-01
.888E-81
.B8@8E-A1
.B80E-081
.883eE-81
.8¥gE-81
. 880E-81
.888e-081
.8@sE-a1
.A88E-91
.88eg-a1
.883E-81
.BedE-B1
.888E-81

anac_ao

SRR Y

.884E-81
.888E-81
.886e-g1
.8d8E-81
.BBBE-93
.BABE-R]
.883E-a1

.8838c-81
.888E-81
.89aE-a1
.880E-81
.3d8E-81
.@0eE-a1
.8a8g-01
.888E-81
.BegE-81
. B98E-31
.888E-91
.BgeE-81
.880E-81
.888E-081
.883E-81
. 88QE-81
.893E-01
.939E-61
.8@BE-81
.808E-81
.808E-81
. 888E-81
.BgBE-B1
.A8RE-N]

asac 51

PR 7L VLo el

Y imag

" 8.898E-01
8.8e8E-4a1
8.8080E-81

.880E-a1

.888E-01

.888e-01

.834E-081

.800E-01

.B88E-81

.888E-81

.883E-81

.888E-81

.803E-81

.BHBE-B1

.8eeE-a1

aQac_at
LUvOLTUs

.8gde-61
888E-81
.86ar_gy
.823E-81
.8d8e-81
.28BE-AL
.egac-a1

PROOORIPOTRDIOIODECDOD

.88BE-B81
.8e6E-01
.688E-01
.860E-81
.808E-01
.8498E-01
.888E-a1
.Bv8E-81
.BARE-a1
.898E-01
.866t-081
.888E-81
.830E-@1
.860E-81
.808E-81
899E-Aa1
.B8BE-081
.B68E-81

CDpﬁiﬂ(DO@Q@OQQO&OQ@QQQ&OOQ&

.838c-81

8.

8
a
a
%]
8
8
8
8
a
8
8
e
8
8
e
8
8
2
8
e
e
8
8
8.
e
8
e
9
8
8
8
8
8
8
0
8
8
8
@
a
8
8
9
9
8
8
8

Z real

8@AE-81
.8e8E-81
.B6BE-B1
.888E-81
.886E-91
.88ee-a1
. g8uE-81
.800E-a1
- 888E-21
. #@oE-a1
.88BE-A1
.3@8E-81
.885c-81
.8avE-81
.BRGE-B1

.88gc-91

.888E-81
.888E-a1
. 88QE-31
.869E-31
. 8@0¢E-81
. ARQE-01
.agec-ea1

.G98E-31
6@9E-81
.88RE-A1
.888E-81
.808E-81
.866E-A1
.880E-a1
. 886E-81
.BeBE-81
.830E-81
.8B88E-a1
. 869E-81
.009E-81
.8ege_gaj
.388E-4d1
.9@vE-a1
.833E-31
.B8BE-81
.888E-81
.880E-81
. 88@E-81
.883E-81
. BogE-d1
.809€-81

.888t-81

i dad ol B R U NT Y. T Y NTSPT [OY N WT PN

Z imag

.468E-063
.839E-83
.777E-83
-896£-83
.€69£-83"
.97%-33
.888E-82

.189E-02
.331E-82
.B837E-82
.?738E-82
.895E-81
.245E-81
-963E-81
.673E-A3

.5388E-82
.336E-82
.187E-92
.219E-91
.183E-82
.166E-83
.448E-02
.983E-82
.887E-482
-947E-A2
.948E-82
.137E-82
.737E-82
.931E-83
.815E-82
.444E-82
.238E-983
.319€E-02

6.626E-82

.928E-82
.981E-82
.781E-82
.(?hE-8B2
.657E-n2

.382E-82



Mode

shape X real

loc

PIPPDDPEPIIDPDHIPOITRREOROERODD

PROPIPIINRIIOITOODIOOE®

.883E-81
.808E-B1
.820E-081
.886E-681
.808E-81
.8088E-01
.808E-01
.888E-81
.B88E-81
.898E-A1
.888E-81
.8@8e-81
.880E-B1
.8age-81
.868BE-81
. 8BeE-9d1
.AARE-A1
.8@sE-e1
.888E-81
.B98E-81
.890E-01
.880eE-81
.898E-81
.A3RE-A1
.838E-81

.868E-81
.800E-a1
.B88E-81
.8d8E-a1
.880E-81
.800E-81
.888E-81
.888E-81
.888E-81
.AGRE-A1
.eedt-81
. 8d8E-~-81
.8@08E-01
.808E-81
.888E-81
.888E-81
.808E-81
.B88E-a1
.988E-a1
.BE8E-A1
.888E-81

TABLE 3. — Concluded

X imag

DVRTOIPDIINTRIOPIDNRTRIIOOIOESD

DRIDHINPSDODETOROEOOO®

.888E-81
.800E-01
.008E-01
.880E-81
.098E-01
.888E-01
.B@AE-81
.088E-81
.880E-81
.RAvE-81
.088E-081
.a8ee-a1
.880E-B1
.888E-81
.808E-01
.BBvE-81
.@QARE-A1
.888E-81
.B@8E-B1
.6880E-91
.808E-81
.888E-81
.88eE-81
.AARE-A1
.8e8e-81

.8a8e-a1
.68BE-81
.8@8E-81
.888E-81
.888E-61
.B00BE-21
.888E-981
.880E-81
.8aee-81
.A98E-21
.838E-a1
.838E-081
.000E-81
.8a0e-081
.988E-81
.088E-81
.8080E-01
.868E-91
.088E-81
.008E-81
.888E-91

(e)

OPVOIDRIPPRITIPIOIRDIOIDOCRNPOO®D

DOVPIIIPDOPPITDOOODDC®

Concluded

Y real Y imag

.880E-81 @ 9808E-81
.008BE-B81 0. 090E-01
.800E-81 ©.000E-01
.808E-01 @.000E-81
.800E-21 0.8088E-081
.800E-81 ©.060E-81
.B80E-B1 0 @608E-B1
.996c-91 8 ._808E-0B1
.068E-B1 @ 89VE-B1
.RO0E-A1 7 .9080E-01
.088E-81 O _086E-01
.688E-01 8. 980E-61
.8088E-31 0.900E-01
.886E-81 8 6008E-01
.800E-81 O.8006E-B1
.HEBE-B1 @ 88BE-B1
.990E-A1 9 _888E-A1
.888E-21 ©.008E-81
.888E-81 @ _96BE-B1
.980E-81 0. 8@0E-01
.808E-A1 9.888E-a1
.0088E-81 ©.689E-081
.BO¥E-81 0O 0V8F-a1
.ABRE-A1 0.9A9E-B1
.888E-91 @ gger-e1
.888t-81 1.243E-83
.UBBE-91 2.487E-93
.BABE-B1 5.514E-83
.86BE-81 -4 819F-03
.800E-81 -4 .761E-83
.Q60E-81 -3.681E-83
.888E-81 3.403E-03
.888E-81 3 .333E-83
.808E-81 3 436E-83
.A08E-A1 3 387E-93
.898E-81 1 .292FE-83
.888E-81 2 298E-83
.880E-81 1 914E-03
.808E-81 -6.479E-03
.888E-81 1.585E-82
.@86E-81 1 _378E-82
.ABRE-B1 1 _782E-@2
.B99E-21 1 91:1E-232
.888E-81 8. 817E-84
.B80E-81 8. 08RE-A1
.B00E-B1 5.283E-83

PRIV OPDIPOIRPIOIOROODOIOO®N

DODPIIDPIPPITRIIOIOIT®

Z real

. 808E-81
.BevE-81
.880E-01
.888E-81
.pasE-081
.880E-01
-980E-81
.888c-01
. 888E-81
.BOGE-A1
.808E-0a1
.868E-81
.4@8E-a1
.808E-01
.BABE-81
. BEBE-41
.98AE-B1
.888E-01
.88a8e-a1
.808E-81
. BAgE-01
. 880E-81
.@9RE-81
.@A9E-A1

. 888E-81

.880€E-81
.BBYE-B1
.808E-81
.B908E-01
.888E-81
.800E-81
.880€E-81
.898E-81
. BE@BE-91
.BARE-A}
.888E-81
.888E-81
.888E-81
.828E-81
.8883E-81
.488E-81
.AAAE-A1
.883E-01
.889E-81
.880E-81
.888e-91

N PO S0 N S e et N NN B o= QO P D (B QD

-4
-2.

-6.

Z imag

.455E-82
.978E-83
.851E-83
.638E-83
.820E-083
.197E-82
.983E-82
.816E-81
.246E-81
.691E-83
.381E-82
.216E-82
-118E-82
.923E-82
.834E-82
.811E-82
.3?7E-82
.689E-84
.942E-83
.337E-82
.994E-02
.808E-82
.733E-81
.¢73E-a1
.361E-81

.888E-A1
.BORE-B1
.880E-81
.383E-83
.671E-84
.487E-83
.614E-83
.348E-83
.528E-83
.111E-23
.162E-83
.988E-84
.638E-83
.689E-94
.278E-83
.683E-83
.AA3E-A3

ADIC Q2
TUAL OIS

192E-83
.1807E-81
741E-83

17



TABLE 4. — ANTISYMMETRIC MODE SHAPE COEFFICIENTS
(Mode shape location is the same
as test point in takle 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 3. 8AARE-A1 A ARARE-R] -8 2AAA/E-A2 48 0.8828E-81 ©.8389E-81 9 4212E-8
2 0©0.0008E-01 0.00800E-81 -1 1486E-81 43 ©.06885E-81 ©.8888E-81 1.3337F 88
3 0 .0008E-81 0 0BO3E-Bi -1.4442E-81 31 ©8.9dEeE-81 9. .0889E-81 1.1214E-81
4 0.0099E-@1 O GAGVYE-A1 -1 4239E-01 52 ©.8688E-91 A 0808E-B1 1 .7234E-981
5 0.0000E-81 0.0808E-81 -1 8028E-01 53 ©.8008E-81 ©8.00908E-81 1 .5862E-81
6 0.3@808E-81 @.8888E-81 -1.9692E-01 594 ©.60688E-81 B8.80888E-81 1.3585E-81
/7 ©.98P8E-B1 @ _068BE-81 -1.2915E-81 55 ©.0808E-81 0 9906E-81 2 8338E-82
8 0.08ARE-A1 0O BRGBE-B! -4 B640E-82 36 0.0060E-81 0.92080E-61 -1 2797E-81
9 ©.8289E-81 0.9086E-81 2.3119E-82 57 ©.0080E-81 © 8888E-81 -3.7837E-31
18 0. PYYBE-61 ©.8008E-81 1.81952E-81 58 ©.9890E-B1 0 BBBUE-B1 -6 8IB6E-BI
11 ©.8008E-81 0.0008E-81 2.08974E-01 59 B.90RQE-A1 A ARRRE-A1 | AASAE-A1
12 ©9.0008E-81 8 8888E-81 3.6942E-81 60 ©0.0086E-A1 0.0080E-81 1 3693E-81
13 8.0088E-@1 ©.6088E-81 4. 3520E-01 61 ©.900BE-G1 0.08688E-81 1 _4588E-81
14 9.090vE-81 @ seBwvE-81 S5.7379E-8i 62 ©.0000E-81 0. V6BOE-81 8.6933E-82
15 9. ARARE-A] A AAARE-A! -7 {A7SE-@2 63 0.0080E-81 0. 6906E-01 -2 8167E-82
{6 ©.8888E-81 @ 80Q6E-8! -7 . 93981E-82 64 0.0889E-081 3 .0886E-81 -2. 13938E-81
17 ©.8088E-81 4. 06686E-81 -1 1348E-81 63 ©.4BBBE-81 V. AVBBE-81 -4 3996E-B1
18 ©9.8040E-81 0 0899E-81 -1.543%E-A1 66 0. 038ABE-81 9 9ABAE-B1 -8 7534E-01
13 ©.8@98E-81 0.08880E-81 -1 6135E-81 67 ©.8000E-B1 @.08BGE-81 -1.3953E-061
28 ©6.8889E-81 6.9893E-81 -1.3253E-81 68 O PBBBE-B81 0. 0806E-81 -2.3649E-81
21 0.8866E-81 @ .9889E-81 -2 89835E-92 69 0.0808PE-B1 @ 0BABE-81 -2 9858E-01
22 9.998RE-A1 4 .0AARE-31 3 9116E-@2 78 ©.08808E-61 6.0800E-21 -3 8984E-81
23 8.6838c-31 @.8888E-3%f { 2716E-31 7?1 B.3830E-81 ©.8868E-81 1.3253E-81
;g g.ggaaE—gi 8.88322-81 %.13985—8%
~a a ANANr oe v NANAr o4 S ATINnr P - -GQE_ BB - ’al “ .SS?S -
21 ©.goodc-81 8.8686E-81 2.8718E-81 4
25 @ @O9AE-B1 @ A9@PE-81 3 3336E_81 74 0©.08¢8E-81 @.08980E-81 3 3271E-51
26 A.9223F-A1 0 BRARE-A1 4 A239E-At
27 8.03088E-91 8.0088E-31 £ 6832E-81 73 8.8880E-81 1.3672E-81 ©.9888E-B1
28 ©.0009c-81 @.09008E-81 -8.4470E-82 76 0.0008E-81 3.1119E-81 8. 9880E-B1
29 ©.0000E-81 0.8009E-81 -1 _2984F-81 77 8.9990E-B1 5. 5120E-9tf 0.00899E-01
33 0.90@8E-81 8. 08089E-81 -1 2980FE-81 78 ©@.8086E-91 1.1299E-81 7.7743E-83
3! ©.0000E-81 0.6088E-81 -3.6617E-32 79 0.80888E-861 9.5548E-82 1.9945E-93
32 B.9998E-B1 @ 0PBBE-81 2. 6254E-92 89 0.0008E-81 1.0717E-81 7. 4487E-83
33 0.93GRE-A1 @ ARARE-B1 1 BA212E-B1 81 ©.8000E-81 9 .1216FE-82 5.8865E-@3
34 ©.P3GBE-81 @ 808BE-B81 2. 8335E-01 82 ©.9908E-81 7.5301E-82 ©.9388E-81
35 ©§.0bPoE-81 ©.6888E-81 3.4397E-81 83 ©0.06088E-81 3. 2334FE-82 4.9659E-83
36 ©.8003E-81 0.0980E-81 4 3321E-01 84 A.99QQE-A1 7 S26AE-A2 6 5125F-0A3
7 9@ EB989E-91 0 .0B888E-81 6.1696E-81 835 9.80@0E-81 7.5952E-82 -9.3618E-04
38 ©.85086E-81 ©.8888E-81 8.2583E-81 86 ©.880@8E-81 5.5734E-82 2.8332E-83
39 ©v.99BAE-81 9. 988RE-81 -9 5571FE-82 87 ©.0088E-@1 1.8587E-91 1. 1478E-82
49 ©0.0008E-A1 0.808088E-81 -1 1918BE-A) 88 0.0889E-B1 1.9274E-Q1 9. 808RE-81
41 2.832aE_@81 @ 8A83E_31 -1 148{F_01 83 8.8000E-81 -2.78566E-81 1.8317E-83
42 0.0PGBE-B1 O 0098E-81 -6.5452E-82 98 0@.680YBE-81 -2 .5627E-81 -3.6633E-83
43 0 _0B80E-81 ©.8R00E-81 5 5438E-82 91 0.90808E-81 -2 .9872E-81 1 6493E-0?2
44 0.0008E-A1 3 608BE-81 1 3912F-81 2 8.8008E-81 -2.6519€-81 | 9619€-82
45 0©.80080E-91 9 .9080E-81 2 4271F-81 93 0.0886BE-81 -2 .3189E-82 -§.1437E-83
46 3 .99898E-B1 @ 8886E-81 3 S5331E-91 J8 0.0000E-B1 @.088ME-81 5 6692E-81
47 D _AA9RE-@1 B .99MAF-B! S5 9342E-91 34 9.@0@0FE-@81 -9 2204F-@3 -1 97922E-_4t
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TABLE 4. — Continued

(b) First lateral fuselage bending mode, 18.18 Hz

Mode Mode
shape X coeff Y coeff Z coeff Shape X coeff Y coeff Z coeff
loc loc
1 0. 8R4AE-A1 @ 0ARGE-A1 -8.8983E-94 43- ©.8800E-31 0. 2808E-81 9.8662E-83
2 ©.0000E-81 0.0000E-01 -1 2749E-83 43 0©.0806E-81 0.0083E-01 1. 8049E-82
3 0.9p6at-81 ©0.0008BE-81 -1 4922E-83 31 0. Q299RE-A1 @ 9A9RE-B1 2. 1613E-83
4 0.0009E-61 0.0040E-81 -2 8488E-083 2 ©.00038E-81 0 .0080E-0! 3.3388E-63
S 0.9209E-01 0.9009E-81 -2 2693E-03 53 0 .P060E-81 © 0Q09E-B1 4.08632E-03
6 ©.0988€-91 9. 8606E-31 -3.9333E-03 54 ©0.0008E-01 0. 9006E-81 4.9101E-83
7 ©.0008E-81 ©.8000E-81 -2.9766E-83 35 ©.9880E-01 0.0000E-91 4 4623£-83
8 0.ARAGE-A1 O 00GAE-A1 -3 996AE-A 56 ©8.8893c-81 9.9608E-91 2.2417E-83
9 9.8883c-81 9 .69299E-81 -3 .8752E-8 57 ©@.9099E-91 @ BOWOE-91 -3.2150E-83
186 0.9089E-81 ©_9800E-81 0. 6408E-81 S8 9.99A0E-91 @ 8AARE-B] -5.5515£-93
11 8.9800E-61 0 .9900E-81 -1 7636E-03 59 ©.2088E-8! @ 8888E-81 2 .9885E-83
12 0.0060£-91 @ 0@e0E-81 3. 5996E-83 68 0. Gd0ec-81 0.80@A6E-81 4 .6414E-83
i3 ©8.0080E-81 ©.0086E-61 3.2361E-83 61 ©._BG0BE-B1 0 .09VBAAE-01 5.4290E-83
14 ©.0000E-81 @ .0868E-81 3 2854E-83 62 0.8000E-81 06 08@a%E-B81 5 4962F-83
15 9.9000E-a1 ©.8000E-81 6.8981E-04 63 0.00800E-01 ©8.0088E-81 4.4926E-83
16 0.0809E-81 0. 0068E-81 -1.8862E-03 64 ©.0000E-81 G 0009E-91 -1_4817£-83
17 0 66808E-81 0 08000E-81 -9 9044E-04 65 0. RAAAE-81 0.9089E-B1 -2 7171E-83
18 ©.9909E-01 ©.0088E-A1 -2 8336E-083 66 0.9008E-01 8 08008E-81 -9 6798E-83
19 0 .982@E-21 0 .09899E-01 -3.1676E-83 67 B .0806E-81 ©.9886E-81 -4.7362E-83
26 0©.30880E-81 9 .8383E-81 -3.4323E-83 68 ©.0000E-01 0.0086E-81 -1.1133E-82
21 08.9069E-81 @ 8988E-81 -3.7683E-83 69 ©.9008E-81 0. 9RAAE-81 -1 5@83E-82
22 0.QAARRE-A] A AARAE-A1 -3 1333E-03 79 ©.9880C-01 0. 3980E-81 -1.3263E-82
23 ©8.8088E-81 0.82806E-81 8 80@8E-81 71 ©.99096E-81 08 080BE-B1 S5.4238E-03
72 0 _ARGRE-B1 0 AGARE-BL 8 6981FE-83
24 9.00088E-01 © 0909E-81 ©. 9898E-81 73 ©0.8992E-91 0.8690E-281 1.3147E-82
25 0.P09AE-B1 0 3AARE-91 -2 S183E-93 /4 0.88980E-81 0.3630E-81 1.5569E-32
26 ©.0098E-81 ©8.8099E-81 2.8976E-083 75 ©.680paE-81 -3 4586E-83 0. 8068E-61
27 ©0.080¥E-61 6.6000E-81 5.3812E-03 76 0. 9089E-91 -4 .9724E-83 9 A999E-91
28 0.8903E-81 @ 6048E-81 -7.1912E-84 77 0.0009E-01 -8 .5883E-83 0.0808E-81
29 ©0.0980E-01 ©.0968E-81 -2.7316E-83 78 0.80P9E-81 -2.8758E-82 -3.9978E-03
39 8.9808E-81 8.8888E-81 -3.7550£-83 79 ©.0080E-81 -7.9486E-83 -1.5239E-83
31 ©.00PBE-B1 ©.89@98E-BI -4 S5874FE-03 80 9.8099F-81 -1_.4628E-83 3.9117E-84
32 9.0004E-01 8.099RE-81 -3 4795E-03 81 ©.0000E-81 4.7718E-83 1.8747E-83
33 0.80eec-81 @.868GE-81 -2 9858E-83 82 ©.9009E-81 7.9556E-83 1.8339€-983
34 0.80888E-81 ©.8988E-81 -2 .3971E-83 83 9.9996F-81 1§ A33I2E-02 1 1496E-83
35 ©.9098E-81 @.9000E-81 -2.7645E-83 84 0.0808E-81 8.7915E-83 1.9984E-03
36 @.0@29E-@1 8.0088E-81 2 2@74E-83 85 @.9888E-81 3 4950E-83 -2.5156E-04
37 0.8800E-81 ©6.8808E-81 S5.2330E-03 86 ©.9990F-91 -1.2196E-83 @ _8008E-81
386 @ 6UABE-81 9 @PAGE-81 9 B365E-03 87 0.000F-@1 -1 35326-82 -9 996EE-G4
39 0.9008E-081 0. 0000E-81 -1 9558E-83 88 ©.0980E-81 -2 4569E-82 -2.3194E-93
40 0.00@0E-B81 9.9808£-21 -3.3783E-03 89 ©.9989E-81 3.6839€-83 1 3237E-03
41 0.0898E-01 0.0098E-01 -3.8261E-83 99 @.ARGAE-Bt 3I_4679E-83 8. 2449FE-04
42 ©.0800E-21 0.0093£-81 -4 3749E-03 31 9.0098E-81 2.7593E-83 9 .5225E-84
43 0. 00R9E-B81 @.PEABE-B! -3 8598E-03 92 0.8808E-81 2.97953E-83 ©.8888E-91
44 9. 8998E-91 8.8833t-81 -2.3837E-83 93 0.80090E-@81 -3.2268E-84 9. 0008E-Q1
45 9. 09@89E-81 0@ .209VE-B1 -2.2351E-03 58 ©.8909E-81 0.08080FE-81 4. 8666E-83
46 Q. AAAAE-A1 A ARBAE-B) -2 7158E-43 94 8.98080c-81 -4 31556-82 1 .S68%E-92
7 ©.88¢9E-91 @ 99836£-81 3.3289c-03



Mode
shape X coeff
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.8880E-81
.g868E-81
.8088E-81
.88a0E-81
.8888E-81
.8888E-81
.8a88E-at
.8888E-81
.B8888E-81
.8888E-81
.8804E 81
.8880E-A81
.888eE-B1
.RAAAE-At
.aagec-81

.8088E-81
.A8BRE-81
.B3aaE-at
.8086E-81
.3688E-81
.8889E-81
. 88068E-81
.6888c-81
.ddevt-81
.A3B3E-81
.B88BE-81
.ABBdE-61
.BABAE-B1
.8806E-81
.8888E-81
.B4B8E-B1
.AA6RE-A1
.8888E-81
.3g88E-81
.8886E-81
.8898E-31
.8888c-81
.pusYE-a1
.8380E-81

(c)

Y coeff

PRHOONPIEROIOROTOLOOIIRIPD

PP IHAOLDOIIIIIPREOEOIDD
D

.B88gE-8

. 8688E-81
.a8@vE-a1
.aAARE-A1L
.88088E-81
. a886E-8d1
. 8008E-81
.aggee-4a1
.8880E-81
.8808E-81
.8800E-81
.eeaec-a1
.BB68E-81
.8886E-081
.8088E-81
.B88ec-81
. BBaeE-a1

.8888t-31

Pt T

.pBBgE-81
.8888E-81
.3988E-81
.8888E-31
.ABBvE-B1
.9800E-81
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TABLE 4.

— Continued

Vertical tail mode,

Z coeff

.3987E-83
.6288E-83
.1523E-82
.1434E-82
.7I76E-82
.3816E-82
.8741E-32
.4462E-82
.5863E-82
.9198E-82
.4814E-82
.8153E-82
.8855E-82
.2975E-83
.4648E-83
.8516E-83
.8399E-82
.1989€-82
.5876E-082
.2644E-82
.9357E-A2
.4828E-8@2

.3984E-82
.3012E-82
.AB72E-82

.1326E-82

2 A

an—sar

.7561E-83

Mode

shape

loc

» o a
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28.50 Hz

X coeff

.8e8vE-B1
.AARAE-A]
.8898E-81
.8é8vE~01
.8888E-01
.8aaat-4a1
.8898E-81
.8888E-01
.B8A@RE-21
.8B88E-B1
.3888E-81
.8069E-81
.8ea8e-a1
.9348E-31
.8808E-A1
.ARAAE-A1

gasge_a1
. CVUU A vl

.4888E-a1
.8808E-B1
.8808E-81
.8888E-81
.83@8E-81
.8964E-81
.8380E-81
.BBBAE-B1
.8898E-81
.0898E-81
.8888E-081
. 8098E-81
.8099E-21
.8838c-81
. B@aBE-81
.86R0BE-B1

.9808E-81

Y coeff

D &R

.9888€E-81
.3988E-91
.8888E-81
.ggg8t-a1

.8888LE-81
. 8836E-61
.8880E-81
.22a8E-81
. 8889c-81
.BedgE-81
. A8RAE-A1
.8@888E-31
. 68088E-81
.0838E-81
.8898E-21
.8888E-81
.3988E-81

.4669E-A3
.8764E-83
.2838E-083
.B@8eE-081
.8217E-01

Z coeff

.8462€-82
.1824E-82
.3191E-82
.9152E-82
.1311E-92
.9883E-92
.5325E-83

|
A e DO RWN= NI~ O RLPODDDIR

|

7889E-@2

LTOUY

3171E-82
.7433E-82
-89@2E-82

vio
ncIIC o

a
LLIJITE-0L

.6838E-82

RARAF-A2

.4999E-82
.4803E-02
.1842E-81
.6933E-01

.3177E-32
.12356E-82
.A262E-@2

2968E-82

aaanr .

- BUUUE‘GI
.388gE-a1
.A9ARE-81
.8@808E-061
.8adeE-a1
.B88BE-B1
.8888E-81
.J661E-04
.8388E-81
.B378E-84
.2992E-83
.2562£-83
.3698E-83
.4648E-83
.8083E-81
.8866E-81

.9876E-83
.9339E-83
.3872E-82
.69508E-082



TABLE 4. — Continued

(d) Second lateral fuselage bending mode, 31.51 Hz

Mode Mode
shape X coeff Y coeff Z coeff shape X coeff Y coeff Z coeff
loc ) loc
{ 0.0900E-01 2 0000E-01 O AG00E-81 43 4 4284E-82 -2 7543E-82 7 .4763E-83
2 ©.8888F_-31 0. 90Q0E-81 98 0800E-81 49 9 .3088F-01 ©.8800E-91 0.08886E-O1
3 ©.9088E-51 ©.9866E-61 ©.86d9E-61 51 ©.8900E-91 9 . 98¥8E-vl O 8devt-91
4 ©.0000E-01 D 80OVE-81 G.BQBOE—GI 92 -89.95933E-23 7.7427E-23 3 .2498E-83
5 9.5823FE-23 8 3474E-83 -2 9651E-83 2 3.9828F-31 0 .0988erF-21 0 .2988E-81
6 0.0086E-81 @ 8@88E-01 8.0080E-91 54 -2.8548€-82 -2.9823E-83 1.246Z2E-82
7 1.84@81E-82 2.5@58E-83 -1.5489E-62 S5 ©.0000E-81 ©.Q0ABGE-81 A 80ABE-B1
! @ .AARAE-A1 0 9AARE-Al 7 AAAAE-81 56 -3.2944E-82 -1 .7859E-82 2.1248E-82
9 0.0893E-91 9 e888E-81 3. 0886E-081 57 ©0.0800E-91 O 8838E-81 ©O.8638E-01
18 3.8894E-82 -9.3005E-83 -2.8245E-82 58 -4.9449E-982 -2 .3142E-82 2.1927E-82
11 ©9.8200E-81 0. 0008E-81 0. 9860E-01 59 0.0090E-81 ©_06ARE-81 9 _A0AAE-A1
12 9.90@8E-91 0 .0996E-81 0. 8000E-B1 68 -6.4873E-63 3.2026E-83 1 _3169E-03
13 9.8032E-01 ©.8008E-81 8. 2888E-81 61 ©.0000E-81 ©.0886E-81 B 886BE-B1
14 4 .3711E-92 -1.8924E-82 -3.2983E-082 62 —1._6498E-02 -7.1432E-83 3.7384E-83
15 9 .AANAE-A1 9.AARBE-A]1 @ AAAAE-B1 63 ©.0090E-91 ©.06808E-01 06.9886E£-81
16 ©.989BE-81 0. 00088E-81 0. 008GE-B1 64 -3.1822E-82 -2.9953E-82 6.6353E-83
i7 ©.0666E-81 8.8808c-81 @ sedeE-01 65 ©.8890FE-81 @ 9206BE-81 06 960VE-B1
13 08 .8830E-B1 0 _BAGGE-B81 0 _08GVGE-B1 66 -4 9121FE-A2 -3 8611FE-A2 -3 A585E-23
19 @ Qoear_ai g9 @agqF-31 @ 88A9E-81 7 ©.8928RE-81 0.39885-31 8. 8098E-81
2 8.6380E-01 8.9933t-81 9.08888E-31 68 ©.000GE-81 0 8886E-81 5.8519E-82
21 ©.ogo6pt-91 @.806WE-81 8 8E8BE-B1 69 ©.0999E-81 O 008BE-A1 ©.08000E-O1
22 9.090E-81 2 2AARE-41 0 9000E-01 70 0 .90088E-81 @ .8980E-81 1 6791E-01
23 0.9980E-91 0. 80088E-81 0.8888E-91 71 0.0908E-31 ©.8000E-81 0. 0888E-81
72 @.8898E-081 g.ggggg-gi —g.;gggg—gf
24 ©.8388E-81 9 3988E-81 9.8638E-81 73 9.9909E-81 0. 0AAAE-A1 A.4AIGE-
35 @ GRRPE-B1 O OPPPE-81 9. ABWAE-B1 74 ©.9889E-21 @.9888c-81 -8 2326E-82
26 9 _PPEAE-B81 9.08ABE-B81 0 R38BE-B1
27 4.6118E-82 -1.9723E-92 -3.2452E-82 75 ©.9883E-81 9 68045E-84 9. 8888E-31
2 ?.88008E-81 O 0083E-81 0.0680E-81 76 ©.8998E-81 3§ 4905E-83 @ vevdE-81
29 ©.0800E-81 9.0006E-81 0.000QE-81 77 9.990AFE-A1 4 3351F-A2 @ _ARARE-A}
38 9.9090€-A1 9 88600E-81 @ 28088E-81 72 0.8868E-81 -3.8392E-82 -4 .9573%E-83
31 ©.8803c-81 0.8008E-@1 0. 0830E-01 79 ©.80@8E-81 8.8408E-84 -D.3804E-34
32 o ovédE-8i @ 0VOVE-81 0 QdEdRE-B1 89 0 .9888E-81 1.6146E-82 2.2934E-43
3131 0.900QE-A1 9 AAARE-@1 0 ARARE-A1 81 9.8099E-081 1.8765E-82 1.7986E-83
34 0.8090E-41 2 0892€-81 0 0869E-81 32 ©.9898E-81 1.1336E-682 1.6591E-83
35 0.9996c-81 0_a3B8E-81 @ 8@8VE-B1 83 ©.9869E-81 2.3213£-83 ©.0¢8dvE-81
35 ©O.BA28E-061 0.088PE-81 0.900AE-81 24 A _ABRAE-A1 -2 8747E-03 -1.1048F-93
37 0.9888FE-Q! 9 9699E-91 8§ #4908E-81 85 ©.8000E-81 -5.5905E-83 -1.6756E-83
38 4.7448E-82 -2.9464E-82 -4 4735E-83 96 ©.0893E-81 -3.7487E-83 -1 _1734E-83
39 ©.060PE-B1 @ ABAVE-91 0O @Y4BE-B1 87 ©.0008E-81 5.6777E-83 8 .0068E-01
48 5. A418E-83 2 3I264E-A3 -6 4565E-A4 23 9.9009F-91 1 4322E-82 1 .9575E-83
41 ©.82980E-81 9.8086E-81 9 3906E-0O1 8 8. 8883F-81 1.8899E-82 1.3165E-83
42 1.4783E-82 -7.1986E-83 -3.5665E-83 98 08 9@v@gveE-a1 1.1427E-82 @ . 988BE-B1
43 ©.9880E-01 0.80AGE-81 @.8888E-A1 91 ©.9RAQE-A1 4 _.6169E£-83 -1.9985E-84
44 @ QQQAE-8! @ .9QREBE-81 @ 8R49RE-81 92 ©.0880E-81 -8.7112E-84 @.8908E-81
45 2.6477E-82 -1.6736E-82 -7 .8458E-83 93 ©.066B8E-81 -6.8466E-83 -8.8450E-04
46 ©.90W6EE-Vl O VVUYE-6]1 B vYBBE-4l 58 ©.90GVE-81 ©.08AVE-81 ©.8888E-01
47 A _AAARE-A1 A AAARE-A1 A ARAAE-A] %4 @ 0068FE-81 ©.0600E-81 0.8098E-81
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.88808E-81
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.@dBaE-11
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.8838E-81
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.6193E-93
.8458E-82
.1829€-82
.2426E-83
.1332E-82
.8833£-32
.3551E-82
.1330E-a1
.4889E-81
.9811E-81
.7624E-81
.8902E-81
.f114E-01
.(876E-81
.3289E-A3
.2829€E-83
.7207E-83
.8371E-83
.7953E-82
.7T111E-82
.2833E-82
.8791E-92

.2322E-81

.2314E-81
.4743E-01
.3852E-81
.3318E-81
.3883E-83
.1837E-83
.1958E-82
.6782E-82
.85198E-82
.2319E-92
.3439E-82
.8346E-82
.1465E-82
.3@61E-82
.2343E-32
.67808E-63
.4933E-23
.3782E-083
.8685E-83
.2328E-02
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.68933E-82
.7344E-83
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Second wing bending/torsion mode, 32.72 Hz

Y coeff

.@288E-91
. 8038E-81
¥BBBE-B1

A s o~

.8680E-01
.88B80E-81
.8888E-81
.BBuet-81
.ROQABE-81
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.88a8E-081
.8886E-81
.BaagrE-a1
.8886E-81
. 89gvE-81
. 8B808E-81
.8688E-61
.8860E-81
.8988E-01
.9880E-81
. 8BBBE-81
.A3RRE-31
. 8@BBE-81

.5823E-83
.6623t-02
.4749€-81

.B173E-82

.1934E-82
.1632E-82
.4722E-82
.9677E-82
.4487E-82
.4662E-82
.3471E-82
.6367E-82
.4888E-82
.7686E-82
.6385E-82
.BA37E-R2
. 1680E-82
.1896E-83
.A84BE-81
.1955E-82

Z coeff

-1.

-3.
3.829%E-83
. 1866E-R2
,34§gE—82
.8538

.6115£-81
.9371E-81
.15638E-81
.6827£-081
.4897E-93
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.6858E-82
.1363E-82
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.1i56c-at
.9527E-82
.3A36E-A2
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.9137E-83
.4151E-83
.4735E-84
.7889E-84
.1247E-23
.2658E-83
.5589£-83
.4564E-81
.9459E-02
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.88ABRE-A1
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.8808E-81
.8880E-81
.BB88E-01
. 8000E-B1
. H8BeE-81
.ARRAE-91
. 8888E-81
.0688E-01
.8008E-81
.88080E-81
.88688E-81
. 98deE-81
.BA8RE-AL
.88a8E-01
. 8880E-81
.B088E-01
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.8888E-81
.8888€E-81
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TABLE 4.

Z coeff

.8713E-982
.7999E-@2
.9748E-02
.2371E-82
.6289E-@2
.7187E-81
.8883E-81
.1638E-82
.4832c-81
.4783E-081
. 8886E-81
.1233E 8@
.9698E 88
.9755E @@
.9814E-82
.4853E-82
.8180E-82
.3236E-01
.1597€E-01
.4829E-01
.7979e-81
.2325E-81
.8914E-81

.9323E-81
.2285E-01
.3999E @8
.8921E 99
.6653E-82
.1738E-61
.9084E-81
.4558E-81
.1839E 09
.8861E 99
.1234E-81
.2539E-81
.7285E-81
.9587E-82
.2766E-81
.4288E-82
.4349E-01
.3369E-81
.3639E 09
.7645E 88
.7418€ @09
.4352E 68
.4993E @4
.8989E 99
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X coeff Y coeff

8.0888E-01 8 _008BE-01
8.03886E-81 O 8088E-B1
8 .60vgE-Bl V. wvBevE-al
8.00992E-81 0.8098E-81
8.0888E-81 0. 8088E-81
0 .9808E-81 @.04806GE-81
4. 8BARE-B1 @ @k0ABE-a4t
@.0000E-B81 0.806GE-01
0.00680E-81 0. .8000E-81
8.80898E-B1 0. 80@8E-61
7.0020E-81 A QAARRE-A1
9.06682E-81 0. 8698E-81
0.0888E-81 0O @04BE-A1
0 .9088E-81 0O.86HOE-B1
0.0080E-81 ©.00086E-81
8 .08088E-81 3 8988E-81
8.0088E-81 O 0080V0E-01
?_0BRRE-A1 9 ABGBAE-O1
8.0060E-81 ©.008088E-81
0 .B086E-01 0. 6066E-81
0.080898E-81 0. 0068E-01
9. 900080E-81 9. 80G8E-81
B8.0000E-9]1 0.0000E-01
8.9088VE-Bl @ 0O9BE-B81
@ 2A8AFE-R1 9 AABAE-B1
9@ .0808E-81 0 _G09Y6E-B1
8 .8608E-81 -9 .8223E-82
8.9888E-81 -3 7857E-82
8.9388E-81 3.7404E-81
8.08080E-81 -3.6198E-82
8.6088E-81 -3.2864E-82
B .8680E-81 -4 8963E-82
6.0888E-81 -5.2883E-82
8.8888E-81 -4.3662E-82
¥ 28968E-81 -6 _6993E-82
A.0008E-81 -7 1154E-92
9.8088E-81 -5 .9516E-82
6. 90888E-61 -6.2772E-82
8 .00668E-81 -4 3959E-082
9.08888E-81 8. 2611E-83
8.88388cE-81 1.5833e-81
@.0088E-81 1 3797E-81
2.90@0E-A1 1. 5835E-a1
8.988@E-81 1.3815E-81
0 .8880E-B1 2 5447E-82
8 _80388E-81 0O 0608E-01
8 .06868E-81 -1.2883E-81
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Z coeff

.2251E-81
.8428E-81
.4663E-82
.9767E-A2
.3891E-81
.7149E-81
.1457E-01
.9848E-82
.8793E-81
.2818E-081
.9748E-82
.1835E-81
.8/87E-01
.3163E-01
-4192€-01
.3621E-81
.7125E-81
.1921E-81
.3144E-82
.7205E-82
.5817E-082
.2389E-01
.7818E-82
.9495E-82
.9595E-81
.5621E-81

.6883E-~a1
.0008E-81
.AB328E -1
.7386E-82
.8211E-982
.4492E-82
.9678E-82
.3929€-082
.3225E-82
.9733E-82
.9115E-82
.8542E-82
-1757E-82
.3968E-82
.9738E-82
.6858E-02
.9417E-82
.8794E-82
.2673E-82
.9386E @8
.9893E-82
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ECN 20817A

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

ECN 18476

Figure 3. Aileron restraint fixtures
installed on ARW~IR vehicle.

ECN 18473

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

ECN 18477

Figure 4. Overhead vehicle support
system.



ECN 18474

FPigure 5. Nitrogen-pressurized air

springs used to isolate vehicle from
support structure.

ECN 18463

Figure 7. Connection between aircraft
and shaker.

Structure

) Structural 1
o 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 9. Test coordinates of right and
left wings.
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Figure 10. Test coordinates of fuselage and vertical
tail.
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Figure ll. Test coordinates of fuselage and horizontal
tail.
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Figure 12. Data collection process.
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Figure 13. First symmetric wing bending mode.
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Figure l4. Second symmetric wing bending/torsion mode.
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Figure 15. First symmetric vertical fuselage bending
mode.
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Figure 16. Second symmetric vertical fuselage bending
mode.
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Figure 17. Unidentified symmetric mode (significant wing
torsion).
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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 20. Antisymmetric first lateral fuselage bending
mode.

Contour
magnitudes
(o} 0
0 01
a 0.2
O 04
D 0.6
w —
Waterline, ol
‘ 1
—50 | | | I I | |
100 150 200 250 300 350 400 450

Fuselage station, X

Figure 21. Vertical tail mode.
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Figure 22. Second antisymmetric lateral fuselage bending
mode.
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Figure 23. Second antisymmetric wing bending/gorsion mode.
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