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SUMMARY

The assembled ship set of decoupler pylons was ground
tested in a fixture at the General Dynamics, Fort Worth
Facility. The results of these ground tests were
incorporated into the finite element simulation. The results
of flutter analyses and aeroservoelastic analyses performed
with the updated model are reported herein. The analyses
show that the decoupler pylon will suppress wing-store
flutter for the GBU-8 flight test stores configuration on an
F-16 airplane.

The feasibility of carrying the B-61 weapon on the
decoupler pylon was also evaluated. The pylon design criteria
considered only GBU-8 carriage and a series of additional
analyses were conducted to evaluate the potential of this
pylon for carrying the B-61 weapon without modifications.
This series of analyses 1is reported herein. The analyses
show that the pylons would need to be modified in order to

demonstrate flutter suppression,

Model ground vibration tests and wind tunnel flutter
model tests were conducted to support the anticipated full
scale airplane flight test program. The results of the
ground vibration tests performed on the 1/4 scale F-16
flutter model and the wind tunnel tests with this model and a

model decoupler pylon are reported herein.



INTRODUCTION

The NASA Langley Research Center has investigated the
use of a decoupler pylon as a means of suppressing wing/store
flutter (References 1 through 6). The concept consists of
reducing the pylon pitch stiffness until the store/pylon
pitch frequency is less than the fundamental wing bending
frequency. These studies and wind tunnel tests have been
expanded to include the fabrication of a ship set of pylons
for the F-16. These pylons will be used to demonstrate the
capabilities of the concept with a flight test program. The
pylons are designed to replace the F-16 production weapon
pylons which are carried at Stations 3 and 7 (Span Station
120). The details of the decoupler pylon design and the
supporting analysis are described in Reference 7 to which

this document is an addendum.

The pylons have a beam pitch spring which has a spring
rate which was set to increase the airplane flutter speed by
the maximum amount for one external store configuration. The
external store configuration is identified as GBU-8
configuration and has an AIM-9 and launcher on the wing tips
(stations 1 and 9), the GBU-8 at Stations 3 and 7 (Span
Station 120), and 1/2 full 370 gallon tanks at Stations 4 and
6 (Span Station 71). The 370 gallon tanks are loaded with
the center bay empty and the forward and aft bays full. The
decoupler pylon is designed, from a strength standpoint, to
carry all store loadings which are currently carried on
Stations 3, 4, 6 and 7.

This addendum to the basic report summarizes the final
analyses, which were based upon the results of the ground
tests, and reports the results of analyses and tests which
were conducted to evaluate the carriage of a second external
store on the decoupler pylon. The additional analyses based

upon the ground tests included flutter analyses and




aeroservoelastic analyses of GBU-8 configuration. The second
store configuration which was evaluated has an AIM-9 launcher
at the wing tips (Stations 1 and 9) and the B-61 weapon at
Stations 3 and 7. This store configuration is identified as
the B-61 store configuration. This store configuration
experiences a limited amplitude flutter condition on the F-16
over a range of flight conditions. In 1-g flight the
airplane can fly its entire flight envelope without the
flutter oscillation amplitude level exceeding a safe level.
In high g maneuvers the flutter oscillation amplitude
increases to a level which is not considered safe.



DYNAMIC ANALYSIS, GBU-8 CONFIGURATION

The details of the ground tests conducted on the
assembled pylon and its components are presented in the basic
document (Reference 7). These pylon test results were used
to modify the complete airplane finite element simulation.
This revised simulation was then used to compute complete
airplane modes of vibration and new flutter speeds and to

determine flight control system stability.

Natural Modes of Vibration

The initial step in obtaining a tuned complete airplane
simulation was to modify the pylon simulation and compare
computed influence coefficients and modes of the cantilevered
pylon - store with the test data obtained for a rigid support
fixture. The pylon simulation was adjusted and readjusted
until the comparison between the simulation and the test data
was considered acceptable. A comparison between the measured
influence coefficients and the final tuned finite element
simulation is shown on Table 1. Major modifications were
made in the pylon lateral and yaw stiffness of the simulation
to improve the correlation between the computed mode shapes
and the test data. This modified pylon model correlates with
both the influence coefficients which were measured and with
the mode shapes and frequencies which were measured. No
change was required in the design pylon pitch stiffness to
force agreement between the simulation and the test data.
The natural frequencies and mode shapes were computed using
the tuned cantilevered simulation. These computed

frequencies are compared with the measured values on Table 2.

The measured data presented in Tables 1 and 2 reflect
the measurements made with the tight fit 1link pins. After

these measurements were made, the pylon pivot pins were




reworked to reduce the frictional breakout forces in the
linkage. This rework resulted in free-play in the linkage
pins. This free-play effectively creates a nonlinear
structure. The nonlinear spring rate results in changes in
the natural frequencies as a function of the excitation
force. These nonlinear effects were not included in the

modal calculations.

The tuned pylon finite element simulation was
incorporated into the complete airplane simulation and this
revised simulation was used to compute symmetric and
antisymmetric modes of vibration. The complete airplane
symmetric mode frequencies are shown on Table 3. These
frequencies are identified as "tuned decoupler pylon" on
Table 3. The first three mode shapes for this case are shown
in Reference 7. These computed mode frequencies with the
tuned pylon are compared with the production pylon computed
frequencies and the decoupler pylon with the preliminary
lateral and yaw stiffness and a zero pitch spring. The
decoupler pylon with a lateral spring rate which is lower
results in a low frequency lateral mode which did not exist
on the production pylon or on the preliminary decoupler

simulation.

The tuned pylon simulation was also used to compute
complete airplane antisymmetric natural frequencies and modes
of wvibration. These frequencies are identified as "tuned
decoupler pylon" on Table 4. The first three mode shapes for
this case are shown in Reference 7. These computed mode
frequencies with the tuned pylon are compared with the
decoupler pylon with zero pitch spring, the decoupler pylon
with preliminary stiffness and the production pylon. The
decoupler pylon with a lateral spring rate which is lower
results in a low frequency lateral mode which did not exist
in the preliminary analysis simulation. Natural frequencies

and mode shapes have also been computed with a zero pylon



pitch stiffness. These modes and frequencies were used to
conduct the open loop spring analysis to evaluate the flutter

speeds versus decoupler spring rate.

Flutter Analyses

Flutter analyses which used the modes of vibration
described in the previous section were conducted. Two types
of analyses were conducted (1l)linear pylon spring coupling
analyses to determine the flutter velocity as a function of
pylon spring rate and (2) nonlinear analyses to determine the
linkage frictional effect upon the flutter velocity. The
symmetric analyses resulted in high flutter speeds for a wide
range of pylon spring rates and therefore the nonlinear type

of analyses were restricted to the antisymmetric case only.

The doublet lattice procedure was used to compute the
unsteady aerodynamic terms at a Mach number of 0.9. The
aerodynamic terms were computed for the antisymmetric modes
of vibration with the zero stiffness pylon pitch spring and
the other pylon stiffness values tuned to the test data. The
generalized masses, generalized stiffness, and the
aerodynamic terms were assembled into an open loop problem
which can be used to compute the flutter velocity as a
function of the pylon spring rate. This type of analysis is
conducted by determining the open loop gain at a fixed
velocity, and this gain value is converted to spring rate.
This type of analysis procedure is described in detail in
Reference 7. The spring rate is determined for a set of
velocities and a spring rate versus flutter velocity is
developed. This curve 1is shown on Figure 1. The
antisymmetric modes result in two unstable roots at spring
rate values below 6129 N/cm (3500 1b/in.). The two flutter
frequency ranges are from 4.5 to 4.8 Hz and from 5.1 to 5.3
Hz. The instability at both frequencies involves coupling
between the lowest four mode shapes. Both flutter roots have




high flutter speeds in the spring rate range of 3502 N/cm
(2000 1b/in.), which is the spring rate value in the actual
hardware.

The ground vibration tests of the decoupler pylon on the
fixture revealed a high friction level in the linkage pins.
At low excitation force levels the pylon pitch frequency was
5.5 Hz. This mode is an upper strongback bending between the
two wing/pylon attachment points. This upper strongback
bending results in GBU-8 pitch motion. At high force levels
the primary store pitch mode is excited. This mode has a
frequency of 3,6 Hz. Breakout tests and changes in the
linkage pins revealed the source of the friction which is in
the pivot pin bushings. The pylon system with a frequency
which changes as a function of excitation force is nonlinear

and therefore a nonlinear flutter analysis was conducted.

The nonlinear analysis was conducted with two pitch
spring rates, (1) the stiff spring rate at a low force level
and (2) the soft spring rate at a higher force level. There
were inadequate measurements made during the influence
coefficient tests to determine the pitch spring rate at the
low amplitude. To determine the low amplitude pitch spring
rate, the pitch frequency ratio was used. The spring rate

ratio 1is related to the frequencies by the following

kg, (5.5)2
kg, 3.6

where kel is the spring rate below breakout, which is unknown

equation:

and k92 is the design spring rate which is 3502 N/cm (2000
lb/in.) acting 111.76 cm (44 in.) from the store C.G. The

rotation spring rate is:



ko, (3502)(111.76)% = 4.374x10’ N cm/rad
(3.872x106 in.1lb/rad)
2 7 8
and kel = (5.5/3.6) x 4.374x10 = 1.021x10 N cm/rad
(9.037x10% in.1b/rad)

which is the spring rate value below the frictional breakout
value. The static breakout was measured and is 678 N m (6000
in.1b). This breakout moment and the spring rate below
breakout were used to compute the angle at which breakout

will occur.
6000/(9.037x106) = .66393x10-3rad = ,03804 deg

In summary the spring rate below +0.03804 degrees is 1.021x
106 N m/rad (9.037x106 in.1lb/rad) and between +0.03804
degrees and + 3 degrees the spring rate is 4.374x105 N m/rad
(3.872x106 in.1lb/rad). The characteristics of this nonlinear
spring rate are shown on Figure 2. At + 3 degrees the pylon
contacts the stops and kel = l.OlelO6 N m/rad (9.037 x 106
in.lb/rad). With this data a nonlinear flutter analysis was
conducted. The second ingredient in the analysis is a pitch
spring rate versus flutter speed curve. This curve was

generated and is shown on Figure 1.

The nonlinear analysis 1is based on the describing
function or equivalent linearization method. This method is
.described in detail in Reference 3, The basis of the
describing function method is to assume a sinusoidal
displacement and then compute the load developed in the
nonlinear spring. Using these assumptions, a set of
nonlinear analyses were conducted. These analyses results
are shown on Figure 3, The parameters which are used to
describe the results are illustrated in Reference 7, Figure
29, and defined below.




M - Static Preload Moment (oscillations occur about
this moment).

MO - Static Moment required to deflect store to
breakout value; 678 N m (6000 in.lb).

A} - Amplitude of store pitch oscillation.

6o - Pitch Angle at which store breaks friction
(0.03804 degrees).

e} - Describing function (§ = Ke/K) where Ke is the

equivalent linear spring constant of the

nonlinear spring.

The analysis indicates that there are small changes in the
flutter speed as a function of large variations of the ratio
EVMO. This is due to the small angular range over which the
pylon is below breakout.

Aeroservoelastic Analyses

Symmetric and antisymmetric aeroservoelastic analyses
were conducted using the pylon simulation based on ground
test data. Both analyses were made at a Mach number of 0.9
and at an altitude of sea level. The symmetric analysis was
conducted with the pitch loop open. At 305 m/s (594 kts) at
sea level the pitch loop has a large gain and phase margin.
Since the pitch loop margins were large, the analysis was not

conducted at additional velocities.

The antisymmetric analysis was conducted with the yaw
loop closed and the gain and phase margins were determined
from the open loop roll response. The analysis was conducted
with the unsteady aerodynamic terms computed for a Mach
number of 0.9. The gain and phase margins were determined
for a series of velocities, By conducting the analysis with

the yaw loop closed, the stability of the yaw loop is




determined by observing the determinant of the right hand
side matrix. From the open loop roll response, stability of
the roll loop is determined and gain and phase margin is
determined, The analyses were initially conducted with a
damping of zero in the rigid body degrees of freedom and a
damping value of 0.01 in all the flexible degrees of freedom.
The results of this analysis are shown on Table 5. The
airplane is stable and has sufficient gain and phase margin
at speeds up to 271 m/s (528 kts). At 305 m/s (594 kts) the
yaw loop drives the airplane unstable and the roll loop does
not stabilize the instability. At the lower velocities the
yaw loop creates no instability and the roll loop has more
than adequate gain and phase margins. At 305 m/s (594 kts),
a 90° phase lead in the roll loop and a factor of three
increase in the roll loop gain are required to stabilize the
instability created by the yaw 1loop. The flutter analysis
reported in the previous section revealed a lowly damped root
which crosses zero damping at 283 m/s (550 kts) and reaches a
maximum damping wvalue of 0.019 at 418 m/s (813 kts).
Therefore the analysis results shown on Table 5 with low
damping reflect the flutter instability. The analysis was
repeated using a damping value of 0.02 in each flexible mode
and at a velocity of 305 m/s (594 kts). The analysis was
conducted with the yaw loop closed and the gain and phase
margin of the roll loop was determined. These margin values
are shown on Table 5. The highest response occurs at a
frequency of 5.1 Hz (the flutter mode frequency) which
indicates that there is the potential for an instability at
this frequency if low damping exists. Since damping values in
excess of 0.02 are expected in the airplane structure and in
the decoupler pylon, this lowly damped instability is not
expected on the airplane.

10




DYNAMIC ANALYSIS, B-61 CONFIGURATION

A series of analyses were conducted to evaluate the
dynamic effects of using the decoupler pylon on the B-61
store configuration. The GBU-8 weapon weighs 10.08kN (2265
1b.) whereas the B-61 weapon weighs 3.336kN (750 1lb.). The
weapon pitch inertia is also much higher on the GBU-8 weapon.
These differences result in a higher store pitch frequency
when carrying the B-61l. The analysis results of this store
change are reported here. The same methods of analysis which
were utilized on the GBU-8 configuration and are reported in
Reference 7 were used in the analysis of the B-61 store
configuration. Three types of analyses were conducted.
These are: (1) flutter analyses, (2) aeroservoelastic

analyses, and (3) response to abrupt maneuvers.

Natural Modes of Vibration

The symmetric and antisymmetric natural frequencies and
modes of vibration of the complete airplane were required to
conduct the flutter analysis and the aeroservoelastic
analyses. A finite element representation of the airplane
Structure was employed to compute the modes of vibration.
This finite element representation is described in detail in
Reference 8. This finite element model was loaded with the
B-61 configuration mass and inertia to develop the dynamic
matrix which was used to compute modes of vibration. Weapon
pylon simulations of both the production pylon and the
decoupler pylon were developed and used independently to
compute the modes for both cases. The details of these two

pylon simulations are described in Reference 8.

The symmetric complete airplane mode frequencies for the
production pylon simulation and the decoupler pylon
simulation are shown on Table 6. A description of each of

the first eight lowest frequency modes is also included on

11




Table 6. The mode shapes for the three lowest frequency
modes with the decoupler pylon are shown in Appendix A. The
decoupler pylon has the effect of changing the wing bending
frequency from 6.08 Hz to 5.99 Hz. The B-61 store pitch mode
frequency is reduced from 9.33 Hz to 6.19 Hz. Also the
higher frequency modes are reordered due to the effect of the
decoupler pylon. The mode frequencies computed with the
decoupler pylon simulation with a zero pitch stiffness spring
in the decoupler are also shown on Table 6. Without the
pitch spring the B-61 pitch mode 1is eliminated. The
frequencies of the other modes are only altered slightly by
removing the decoupler pitch spring. The first three mode
shapes with the zero decoupler pitch spring are shown in
Appendix A.

The antisymmetric complete airplane mode frequencies for
the production pylon simulation and the decoupler pylon
simulation are shown on Table 7. A description of each of
the first seven lowest frequency modes is also included on
Table 7. The mode shapes for the three lowest frequency
modes with the decoupler pylon are shown in Appendix B. The
decoupler pylon has the effect of changing the wing bending
frequency from 10.09 Hz to 9.82 Hz. The B-61 store pitch
mode frequency is reduced from 9,043 Hz to 6,11 Hz. This
separation of the first two mode frequencies, which is the
result of the decoupler, has a significant effect upon the
flutter speed. The mode frequencies computed with the
decoupler pylon simulation with a zero pitch stiffness spring
in the decoupler are shown on Table 7. Without the pitch
spring the B—61 pitch mode is eliminated. The frequencies of
the other modes are altered slightly by removing the
decoupler pitch spring. The first three mode shapes with the
decoupler zero pitch spring are shown in Appendix B.

12




Flutter Analyses

Symmetric and antisymmetric flutter analyses of the B-61
store configuration were conducted with the production pylon
simulation and with the decoupler pylon simulation. The
analyses were the bases for evaluating the effectiveness of
the decoupler pylon as a flutter suppression device on the
B-61 store configuration. These analyses were conducted for
subsonic Mach numbers of 0.6 and 0.9 and a supersonic Mach
number of 1.2. The subsonic unsteady aerodynamic terms were
computed with the doublet lattice aerodynamic program and the
supersonic unsteady aerodynamic terms were computed with the

kernel function procedure.

The initial analyses were made to compare the production
pylon and the decoupler pylon with the current design spring.
These comparisons were made at an altitude of sea level for
the three Mach numbers. A standard k solution flutter
analysis was made. The flutter speed and flutter frequencies
were compared at a damping value of 0,02, These flutter
speeds and flutter frequencies are shown on Table 8, The
production pylon analysis shows high flutter speeds for the
symmetric cases and low flutter speeds for the antisymmetric
cases. These results agree with the airplane flight test
experience, where the limited amplitude oscillations are
antisymmetric., The flight experience is such that as speed
is increased, the magnitude of the oscillation increases,
therefore a clear cut flutter instability is experienced on
the airplane. The predicted antisymmetric flutter frequency

also matches the frequency experienced in flight.

The flutter analysis of the airplane with the decoupler
pylon results in a low symmetric and a high antisymmetric
flutter speed. Therefore the decoupler pylon has the effect
of solving the antisymmetric flutter problem and creating a

symmetric flutter problem. The low symmetric flutter speed

13



is the result of having driven the first two mode frequencies
very close together (5.99 Hz and 6.19 Hz). In the
antisymmetric case, the decoupler pylon separates the wing
bending mode and the store pitch mode frequencies (6.11 Hz
and 9.82 Hz). This separation results in an increase in

flutter speed.

The flutter analysis of the B-61 configuration with the
decoupler pylon and a spring designed for the GBU-8 weapon
indicates that a change in spring rate was required on the
B-61 configuration. A series of additional analyses were
therefore conducted to determine the optimum B-61 spring rate
for both the symmetric and antisymmetric cases. A series of
pylon spring coupling analyses were conducted to determine
the pylon pitch spring rate which would result in an increase
in flutter speed for both the symmetric and antisymmetric
cases. The method which was used is to treat the decoupler
pylon spring as a feedback loop in a feedback mechanism.
With this approach it is possible to develop a spring rate
versus flutter velocity curve and determine the spring rate
at which the maximum flutter speed occurs. This type of
analysis requires the set of mode shapes with zero decoupler
pylon spring stiffness. These mode shapes and frequencies
were computed; the mode shapes are shown in Appendices A and
B, and the mode frequencies are shown on Tables 6 and 7. The
unsteady aerodynamic terms were computed using these mode
shapes and the doublet lattice aerodynamic procedure for a
Mach number of 0.9. The open loop fregquency response was
computed for a series of velocities to determine the pitch

spring rate at these velocities.

The results of the symmetric analysis are shown on
Figure 4. The spring rate is defined in terms of a linear
spring acting 111.76 cm (44 in.) aft of the store center of
gravity. The center of gravity is located halfway between
the MAU-12 hooks. The lowest flutter speed occurs at a

14




spring rate of approximately 3502 N/cm (2000 1b/in.), which
is the value in the current decoupler design. The results of
the v-g solution are also shown on Figure 4 for comparison
with the open loop results, The difference in velocity
between the v-g solution and the open loop solution is due to
small changes in the mode shapes between the finite decoupler
spring and the zero spring modes. Structural damping values
of 0.02 in the flexible modes were used to predict the
flutter velocity in both cases. A softer or a stiffer pitch
spring with respect to the current design will result in a

higher flutter speed.

The results of the spring coupling analyses of the
antisymmetric modes of vibration are shown in Figure 5. The
spring rate is defined in terms of a linear spring acting
111.76 cm (44 in.) aft of the store center of gravity. The
center of gravity is located halfway between the MAU-12 rack
hooks. The lowest flutter speed occurs at the highest spring
rate and the flutter speed increases as the spring rate
decreases. In the spring rate range from approximately 3502
N/cm (2000 1b./in.) to 10506 N/cm (6000 1lb./in.) there is a
narrow region of instability and at higher velocities the
flutter condition would again become stable. The phenomenon
is analogous to a velocity damping solution which crosses
zero damping as velocity increases and then with further
increases in velocity crosses back over zero damping and
becomes stable. At the higher spring rates where the higher
velocity stable region does not exist, the damping approaches
zero without crossing it. At a spring rate of approximately
5255 N/cm (3000 1b./in.). The unstable velocity region is
very narrow. The flutter analysis results obtained with
spring coupling were compared with the v-g solution approach
on Figure 5 for a spring rate of 3502 N/cm (2000 1lb./in.).
The small difference in flutter speed between the v-g

solution and the spring coupling solution is due to small

15



changes between the mode shapes computed with a finite

decoupler spring and the zero spring modes.

Considering both the symmetric results shown on Figure 4
and the antisymmetric results shown on Figure 5, a spring
rate of approximately 1751 N/cm (1000 1b/in.) is required to

satisfy both flutter requirements.

Aeroservoelastic Analyses

A series of analyses were conducted to determine the
stability of the B-61 store configuration with the flight
control system engaged. The gain and phase margins were
determined for the pitch channel in the symmetric case for
both the production pylon and the decoupler pylon. In the
antisymmetric case the gain and phase margins for the roll
channel were determined with the yaw loop closed for both the
production pylon and the decoupler pylon. The analyses used
the unsteady aerodynamic data computed by the doublet lattice
aerodynamic procedure for Mach numbers of 0.6 and 0.9. The
analysis was conducted at an altitude of sea 1level and at
velocities of 204 m/s (397 kts) and 305 m/s (594 kts) which
are Mach numbers of 0.6 and 0.9. Aeroservoelastic analyses
of the F-16 airplane with other external store configurations
have shown that minimum flight control system gain and phase
margins occur at high transonic speeds at low altitude.
Therefore the flight conditions described were chosen for the
analysis. The flight control system gains for these flight

conditions were used in the stability margin evaluations.

The symmetric analysis of the open loop pitch channel
response with the production pylon indicates that it has an
adequate gain and phase margin for the analysis conditions
described above. The flutter analysis of the B-61l
configuration indicates that the existing decoupler spring
rate of 3502 N/cm (2000 1b/in.) results in a symmetric

16




flutter speed which is below the aeroservoelastic analysis
speed. A symmetric analysis was conducted with the 3502 N/cm
(2000 1b/in.) decoupler spring to determine if the flight
control system pitch channel would stabilize this flutter
instability. This analysis indicated that the pitch channel
did not provide stability for the flutter instability.
Therefore the symmetric analysis of the decoupler pylon case
was repeated with a 1751 N/cm (1000 1b/in.) spring rate.
Since a 1751 N/cm (1000 1b/in.) spring is required for the
symmetric case an antisymmetric analysis was also conducted
with this spring rate.

The results of the symmetric analysis with a 1751 N/cm
(1000 1b/in.) spring rate in the decoupler pylon indicate
that the airplane with the pitch loop is stable with large
gain and phase margins at velocities of 204 m/s (397 kts) and
305 m/s (594 kts). The results of the antisymmetric analysis
with a 1751 N/cm (1000 1lb/in.) spring rate in the decoupler
pylon are summarized on Table 9. These stability margins
were obtained from the open loop roll channel response with
the yaw loop closed. The closed loop yaw channel has large
stability margins at both velocities. The conclusion from
these analyses is that the B-61 configuration with the
decoupler pylon with a 1751 N/cm (1000 1b/in.) pitch spring
will be stable throughout the entire operational envelope of

the store configuration.
Response to Abrupt Maneuvers

The speed and maneuver envelope for the B-61 configur-
ation considered in determining maximum store pitch moment
included all speeds from 0 to 600 KEAS or 1.2 Mach number,
whichever is less., This analysis used altitudes from sea
level to 20,000 feet and assumed that altitudes above this
are noncritical. Aircraft maneuvers which were reviewed

included -2.0g and 5.5g symmetric maneuvers, -1.0g, 1.0g and

17



4.4g roll maneuvers with maximum bank angle change of 180°,
and 1.0g sideslip maneuvers ranging from maximum positive
sideslip angles to maximum negative sideslip angles. The six
components of 1load for each of the maneuvers at 14
Mach/altitude points were computed. These load conditions
were searched for maximum and minimum store only pitch

moment.

Those maneuvers which produce large B-61 store pitching
moments during dynamic conditions were selected. These

conditions are:

Mach Altitude Maneuver Type
0.95 2500 -2g Abrupt Push-Over
0.90 S.L. -1g 180° Roll

0.95 2500 4.4g 180° Roll

The response time histories were computed for these load
conditions. The maximum store-only pitching moments during

these maneuvers are:

Mach Altitude Store—Only Pitching Moment
N m (In.Lb.)
Left Wing Right Wing
0.95 2500 =-2950(-26113) -2954(-26144)
0.90 S.L. -2941(-26031) -2217(-19628)
0.95 2500 3807( 33699) -1330(-11775)

The store only loads are referenced to the store c.g.
location which is fuselage station 338.4 and water line 68.3.
The load time histories of the store loads were applied to
the store and decoupler pylon system to compute pylon

alignment time histories. The time history response analysis

18




of the decoupler alignment system was conducted for the 4.4g
roll maneuver. The analysis was conducted for decoupler
spring rates of 3502 N/cm (2000 1b/in.) and 1751 N/cm (1000
l1b/in.). The time history response for the decoupler pylon
with a 3502 N/cm (2000 1b/in.) spring is shown on Figure 6.
The analysis was conducted with the alignment motor off and
repeated with the alignment motor on. The case with the
motor on has the switches set to come on at a misalignment of
iO.So and to turn off at 19.250. The maximum misalignment
angle with the alignment motor inactive is 0.7°. The maximum
misalignment angle with the alignment motor active is -0.67°

which is no significant improvement.

The time history response for the decoupler pylon with a
1751 N/cm (1000 1b/in.) spring is shown on Figure 7. The
analysis was conducted with the alignment motor off and
repeated with the alignment motor on. The case with the
motor on has the switches set to come on at iO.SO and turn
off at +0.25 degrees. The maximum misalignment angle with
the alignment motor inactive |is 1.48°, The maximum

misalignment angle with the alignment motor active 1is -1.26°,

These analyses indicate that the alignment system in its
current configuration will operate satisfactorily on the B-61
configuration. The alignment system is not, however, as

effective as it is on the GBU-8 weapon.
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MODEL GROUND VIBRATION TESTS - B-61

Ground vibration tests of the 1/4 scale F-16 flutter
model were conducted. The purpose of these tests was to
determine the natural frequencies and mode shapes of the B-61
store configuration with the production pylons. The store
configuration has been wind tunnel tested on two previous
occasions. The flutter model has two sets of wings. The
original model wings have been used extensively for stores
clearance. These wings have flaperons which are held with
cloth hinges and the actuator stiffness is simulated with a
leaf spring. A second set of model wings was fabricated in
1978. These wings are dynamically the same as the original
wings, with hinged flaperons that are actuated with actuators
at the root of the flaperons. These wings are identified as
the flutter suppression wings. The first wind tunnel test of
the B-61 configuration was conducted with the original model
wings. During these tests flutter was encountered. The
second wind tunnel test of the B-61 configuration was
conducted on the flutter suppression wings. This test was
conducted to dynamic pressures much above the test conditions

of the first test without encountering flutter.

These ground vibration tests of the model were conducted
to determine if differences between the two sets of model
wings could be detected which would explain the difference in
the wind tunnel test results., Earlier static deflection
tests of the two sets of wings revealed no difference.
Therefore, the lowest frequency modes were measured with both
sets of wings. The measured natural frequencies are shown on
Table 10 for both wing configurations. The lowest four mode
shapes for each wing configuration are shown in Appendix C.
With the exception of the B-61 yaw mode, the frequencies are
very close to the same for both sets of wings. The B-61 yaw
mode frequency is different between the two wings and also
different between the left hand and right hand side. Since
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the stores and pylons are the same for the tests of both wing
sets, these yaw mode differences are attributed to small
differences in the pylon attachment stiffness in each of the
four wings. The smaller differences in the B-61 pitch
frequencies indicate that the pitch support stiffness is more

uniform between left and right and the two sets of wings.

The flutter mode is primarily a coupling between the
wing bending mode and the B-61 pitch mode. The small
difference in the frequencies and mode shapes which were
measured does not appear to be significant enough to change
the flutter characteristics between the two wing sets.
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WIND TUNNEL FLUTTER MODEL TESTS - B-61, GBU-8

Wind tunnel flutter model tests were conducted in the
NASA Langley 16 foot Transonic Dynamics Tunnel to demonstrate
the effectiveness of the decoupler pylon to suppress
wing/store flutter. All tests conducted prior to the tests
reported here used a decoupler pylon which had a single
pivot. One of the conclusions from these earlier tests was
that maximum increase in flutter speed was obtained with a
decoupler design which has its pivot location as close to the
wing plane as possible. The disadvantage of this pylon
configuration 1is that during maneuvers the misalignment
angles are larger than when the pivot location is near the
store C.G. The airplane hardware which will be flight
tested has a remote pivot which coincides with the store C.G.
The purpose of wind tunnel tests reported here was to
demonstrate that the remote pivot decoupler pylon design was
as effective in suppressing flutter as the single pivot
design had demonstrated in earlier wind tunnel tests. A
second objective was to demonstrate that the friction which
exists in the full scale hardware pins, did not adversely
effect the flutter suppression characteristics of the pylon.
The wind tunnel demonstrations of the remote pivot design
were started on August 1, 1983 and were completed on August
5, 1983,

A ship set of decoupler pylons which were geometrically
scaled models of the full scale article was designed and
fabricated by Dynamic Engineering 1Inc. The 1internal
arrangement of the pylon is shown in Figure 8. The model
pylons had a scaled stiffness beam spring and an air damper.
Active pitch alignment was not provided. A threaded screw
was provided and alignment position could be set and locked

for each run. The pylon with the nose, trailing edge and one
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side fairing installed is shown on Figure 9. The pylon with

the model GBU-8 weapon installed is shown on Figure 10.

The 5 days of tunnel testing are summarized on Table 11,
Two external store configurations were tested. The GBU-8
configuration was tested with both the production weapons
pylon and the decoupler pylon. The configuration was tested
with two external fuel tank loadings. The decoupler pylon
tests were conducted with no friction and two levels of
increased friction. The B-61 configuration was the second
store configuration tested and it was tested with the

production pylon only.

The B-61 external store configuration with the
production pylon had encountered flutter when tested earlier
on the original model wings but not when tested on the
flutter suppression wings. Unfortunately the original model
wings were destroyed by flutter during tests of another
configuration and were not available for these tests. The
flutter points could not be repeated with the flutter
suppression wings, even though there is no indication from
ground tests that the two sets of wings were different. The
test was terminated because with no flutter points the

decoupler pylon test would have no purpose.

The decoupler pylons were modified to incorporate
friction into the system. A spring loaded bolt was added
which pulled the pylon fairing into pads which were bonded to
the lower portion of the pylon. The tension in the bolt
could be increased or decreased to change the pressure
between the side panels of the fairings and the balsa pads
bonded to the lower portion of the pylon. Ground tests of
the full scale pylons have shown that a moment of 678 N m
(6000 in. lb) was required to breakout the friction (ref. 7).
The breakout friction level was simulated on the model

pylons. The scaling factor on moment between airplane and
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model is 429.64. The airplane to model scaling factors are
shown in Reference 9. The moment on the model is:

678
429.6

= 1,578 Nm (13.96 in.1b)

The decoupler pylons were mounted in a fixture to apply this
moment., A plate was bolted to the bottom of the pylons which
had a load application point which was 26.03 cm (10.25
inches) forward of the linkage apex. The load required at

this point is:

1,578
.2603

= 6.06 N (1.36 1lbs)

The tension spring was set and locked so that at 4.448 N (1
1b) of load breakout did not occur and at 6.09 N (1.37 1lbs)
breakout occurred. The breakout status was obtained by
monitoring the spring strain gage. Both pylons were set with
this same level of breakout friction.

After completing Run No. 39 (Table 11), the decoupler
pylons were removed from the model and the breakout friction
was checked. The friction was the same as before Run No. 38,
The friction was increased to a level which was twice the
level tested on runs 38 and 39. This increased friction was
accomplished by increasing the tension in the bolts in the
pylon fairing. The tension was increased until the breakout
would not occur at 8.896 N (2 1lbs) of load at 26.03 cm (10,25
inches) from the pylon apex, and would breakout at 12.23 N
(2.75 1lbs). Both pylons were set and locked using this

criteria.
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After completing Run No. 41 (Table 11), the decoupler
pylons were removed from the model and the breakout friction
was checked on pylon No. 2 (right hand side). The pylon
would not breakout with 6.672 N (1.5 1lbs) of weight and would
breakout with 7.784 N (1.75 1lbs). This test indicated that
the friction which was in the pylons at the beginning of run
No. 41 had been reduced during the run. There was an
indication that the friction surfaces were more polished than

before the run.

The conclusions which were obtained from the five days
of wind tunnel tests are that the decoupler pylon with a
remote pivot is just as effective in increasing the
wing/store flutter speed as the single pivot pylon design is.
Also, increased friction in the pylon pivot to levels
comparable to the full scale hardware, does not effect the

capability of the pylon for increasing the flutter speed.

25



CONCLUSIONS

A ship set of decoupler pylons was designed, analyzed
and fabricated for a flight test evaluation. The pylons were
designed for GBU-8 carriage and the analyses and tests
described here were conducted to complete the evaluation of
the GBU-8 carriage and to evaluate the potential of these

pylons for carriage of the B-61 weapon.

A final analysis of the airplane with the GBU-8
configuration was conducted. This analysis was based upon
using a complete airplane model which was tuned to match the
pylon ground test results. The flutter analysis using this
model indicated that the decoupler pylon was equally as
effective as was indicated by the preliminary analyses. A
nonlinear flutter analysis which included the 1linkage
friction which was measured during the ground tests was
conducted. This analysis indicated that the pylon will break
out of the friction at small angles and the friction will

have no detrimental effect upon the flutter characteristics.

Wind tunnel tests of the flutter model have been
conducted on the B-61 configuration on two ©previous
occasions. The first of these tests was conducted with the
original model wings. 1In this test flutter was encountered.
The second of these tests was conducted on the model with the
flutter suppression wings. In this test flutter was not
encountered. Ground vibration tests of the model were
conducted with both sets of wings to determine if differences
between the two sets of wings could be detected. These test
results indicated very small differences between the two sets
of wings. These small differences do not appear to be large
enough to explain the difference obtained during the two wind

tunnel tests of the configuration.
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In order to evaluate the effectiveness of the remote
pivot design decoupler pylon, a wind tunnel model flutter
test was conducted. These tests indicated that the remote
pivot design was equally as effective in suppressing flutter
as the single pivot design, The effect of friction was also
evaluated on the wind tunnel model, and there was no adverse

effect of friction in the pylon linkage.

The current design decoupler pylons with a 3502 N/cm
(2000 1b/in.) spring rate, which is optimum for the GBU-8
weapon carriage, were evaluated for carrying the B-61 weapon.
The B-61 is much lighter than the GBU-8. The weapon pitch
inertia is also much less. Flutter analyses, aeroservo-
elastic analyses, and response to abrupt maneuvers were
conducted on the airplane with the B-61 configuration. The
flutter analysis indicated that the decoupler pylon increased
the airplane antisymmetric flutter speed by a large amount.
The analysis also indicated that the symmetric flutter speed
was reduced to an unacceptable level by the decoupler pylon.
Variations of the decoupler spring rate were made to
determine a spring rate which would increase this symmetric
flutter speed while not decreasing the antisymmetric flutter
speed. The decoupler spring rate which met these
requirements has a value of 1751 N/cm (1000 1b/in.).

Aeroservoelastic analyses of the B-61 configuration with
the decoupler pylon with a 1751 N/cm (1000 1b/in.) and a 3502
N/cm (2000 1b/in.) spring rate spring were conducted. These
analyses indicated that the flight control system gain and

phase margins were adequate with both spring rates.

An abrupt maneuver analysis was conducted on the B-61
configuration with the 1751 N/cm (1000 1b/in.) spring rate.
Maneuver conditions which create large store only pitch

moments were selected for evaluation on the decoupler pylon.
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These analyses indicated that the current configuration of
the alignment system and the current alignment system
switching arrangement were adequate for the pylon with the
B-61 weapon (but not as effective as for the GBU-8

configuration).
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RECOMMENDATIONS

It is recommended that a flight test demonstration of
the decoupler pylon on the F-16 be performed. The initial
test should be performed on GBU-8 configuration which has
experienced 1limited amplitude flutter 1inside the airplane
operation limit. After completing the tests of GBU-8
configuration the pylon should be retrofitted with a set of
1751 N/cm (1000 1b/in.) springs and a second flight test
demonstration performed on the B-61 configuration. This
second test will show the effectiveness of the decoupler
pylon in suppressing flutter on the B-61 configuration. The
flight test program should include high g maneuvers at high
dynamic pressures to demonstrate the ability of the decoupler
pylon to suppress the flutter condition which increases in

amplitude as a function of the maneuver 1load.
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TABLE 2.- NATURAL FREQUENCIES FOR CANTILEVERED PYLON AND GBU-8 STORE.

NATURAL FREQUENCY - HZ

MODE GROUND TEST FINITE ELEMENT
FIRST STORE PITCH 3.6 3.667
SECOND STORE PITCH 5.5 5.494
*STORE LATERAL 5.7 5.223
STORE YAW 6.7 6.644

* THERE IS SOME YAW MOTION COUPLED IN THE LATERAL MODE.

TABLE 3.- COMPLETE AIRPLANE PREDICTED SYMMETRIC MODE FREQUENCIES -

GBU-8 STORE.
PRELIMINARY
TUNED STIFFNESS
MODE DECOUPLER PYLON DECOUPLER PYLON PRODUCTION PYLON
(ZERO PITCH SPRING)
(HZ) (HZ) (HZ)

WING BENDING 3.694 3.881 3.869
GBU-8 PITCH 3.25¢ - 5.343
GBU-8 LATERAL 5.123 - -
GBU-8 YAW 5.309 6.556 7.409
TIP MISSILE PITCH 5.955 6.047 6.135
WING TORSION
(TIP MISSILE PITCH) 6.603 - -
TANK PITCH 7.381 6.743 8.014
TANK YAW 7.923 7.882 7.843
WING 2ND BENDING 9.980 8.796 10.774
FUSELAGE VERT.

BENDING 11.757 11.986 11.859
TARK YAW 14.175 14,693 14.453

32




TABLE 4.- COMPLETE AIRPLANE PREDICTED ANTISYMMETRIC MODE FREQUENCIES -

GBU-8 STORE.
TUNED PRELIMINARY
TUNED DECOUPLER PYLON STIFFNESS
MODE DECOUPLER (ZERO PITCH DECOUPLER PRODUCTION
DESCRIPTION PYLON SPRING) PYLON PYLON
(HZ) (HZ) (HZ) (HZ)
GBU-8 PITCH 3,22 4.58 3.44 S5.11
GBU-8 LATERAL 4,90
GBU-8 YAW 5.21 4.95 6.39 7.12
TIP MISSILE PITCH 5.54 5.52 5.42 5.42
GBU-8 YAW 6.20 6.19 8.19 8.36
TANK PITCH 7.11 7.08 6.61 7.88
TANK YAW 7.98 7.98 7.98 7.98
WING BENDING 8.72 8.71 9.85 10.48
VERT. TAIL BENDING 11.74 11.72 11.62 11.99
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TABLE 7. - B-61 CONFIGURATION ANTISYMMETRIC MODE FREQUENCIES

DESCRIPTION PRODUCTION DECOUPLER DECOUPLER
PYLON PYLON PYLON
HZ HZ ZERO PITCH
K=3502 N/CM STIFFNESS
(2000 LB/IN) HZ
B-61 PITCH 9.043 6.11
WIND BENDING 10.09 9.82 9.74
VERT. TAIL BENDING 12.30 12.36 12.38
B-61 YAW 12.69 11.31 11,31
FUSELAGE LATERAL BENDING 14.51 15.48 15.05
LAUNCHER PITCH 14.25 14.41 14.41
HORIZONTAL TAIL BENDING 19.05 19.79 19.73
VERTICAL TAIL - LAT. FUSELAGE 12.44
WING TORSION 11.63
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TABLE 10.- MODE FREQUENCIES OF THE MODEL B-61 STORE CONFIGURATION.

DESCRIPTION FSS WINGS ORIGINAL WINGS
HZ HZ
SYMMETRIC MODES
WING BENDING 10.88 10.91
B-61 PITCH 15.52 15.60
B-61 YAW 17.44 17.57
LAUNCHER PITCH 19.15 19.15
FUSELAGE BENDING 25.81 25.87
ANTISYMMETRIC MODES
WING BENDING 14.62 14.67
B-61 PITCH 15.82 15.87
B-61 YAW 17.61L 17.09L
17.29R 17.21R
17.56% 17.05%
LAUNCHER PITCH 20.97 20.99
LEFT HORIZONTAL TAIL 27.69
BOTH HORIZONTAL TAILS 28.30

* Complete mode for this frequency is shown in Appendix C.
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boundary determination with non-linear spring rate.




*6°0=H ‘91035 19-g

- £372079A 1933nT3J dSTa39uwds uo =@3ea 3uriads yo3trd uoldd 3Jo 30933§ -4 2andtg

(ur/q1) A
0002t 00001 0008 0009 000% 0007 0
A )\/ 1 1 '] | 1 )
(Wo/N) X
00096 00091 000¢1 0008 000Y% 0
1 /\/ I A A 2

uogiInjog 3-po - Q

00¢

00%

009

008

0001

(s/m) K312072A

00¥%

008

00¢1

0091

000¢

(s3M) A310072A

45




"6°0=R ‘®1035 19-€
- K3700T9A 1933N[J 2Tijdumisijue uo o3ex 3urads yo31d uoTAd jo 1993711

(ur/qr) A
000¢t 00001 0008 0009 000% 0002 0
I \/\/ 1 1 1 ! 1 ]
(wo/N) 3
0009S 00091 000¢1 0008 000% 0
1 )\/ L 1 i i
o

d'T4VLS
uoT44 uorlonpoxd ‘uorinjos 3-pA - O

uorinyog 3-p - O
4T9VLSNA

J'19VLS

-*¢ 2an3Tyg

0

00¢

00 <«
)
[
o
n
M.
re
<

009 &
S~
N

008

0001

-

00%

008

00c1

0091

000¢

(s3A) 43700734

46




*(UT/4T 000Z)WO/N ZOGE = A ‘1101 S 4°y

- UOT3IBINSTIUOD [9-g ‘ooupwIogiad wolsks jusuwuliTe po10Ipa1g -9 2andrjg

69

NO WHLSAS HzmzZUHA<-I/

SANODAS ‘ANIL
0’y 0°¢ 0"
1 [l

<4 N

1 —t

d40 WHISAS INAWNOITY —

47

0°¢-

o
o
SETIOTT ‘VIIHIL

G'T

0°¢



*(UT/4T 000T)WD/N 0SLT = A ‘T101 B 4°y
- uoT3BINSTJUOD [9-g ‘oJuruIOIADd WIISAS JUBWUISTITE PoIOTpailg -°/ 2an3Tyg

NO WHLSAS INHWNOITY —\

SANODIS “TAIL
"L 0°9 0°s 0y 0°¢ 0°t 0°1 0°0
1

[ Il . } I

T a T T T T

440 WHLSAS INIWNOITV I\

0°¢t-

0°1

0°¢

0°¢

SITYHIA ‘VIFAHIL

48




ORIGHNAL PAGE S
OF POOR QUALITY,

49

cJuowoBueile JrRUIDIUT UOTAd 127dnod3p TIpow STESS %/1 —-'g 2an314




{
\.

OF

‘posowax 3urirey opIS Y3lTm uolAd a9Tdnodap Tapow 9TeIS #/1

-*6 92an31g

50



OF POOR QUALITY

‘uodesam g

nNgo pue uoTAd 197dnodsp Topow a[eIS #/]

.

01 2an31yg

51




APPENDIX A
Symmetric Modes for B-61 on Decoupler Pylon

This appendix contains the computed symmetric mode
shapes for the first three frequencies with the B-61 store on
the decoupler pylon. Modes were computed for zero pitch

stiffness as well as for 3502 N/cm (2000 1lb/in.) pitch
stiffness. )
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1

SYMMETRIC MODE NO.

FREQUENCY

5.99 Hz

SYMMETRIC MODE NO. 2

SYMMETRIC MODE NO. 3

FREQUENCY

11.29 Hz

Figure Al.- First three computed symmetric modes for B-61 on decoupler pylon -

K = 3502 N/cm(2000 1b/in).
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1

SYMMETRIC MODE NO.

FREQUENCY =

6.02 Hz

SYMMETRIC MODE NO. 2

11.39 Hz

SYMMETRIC MODE NO. 3

FREQUENCY

= 11.26 Hz

FREQUENCY

Figure A2.-~ First three computed symmetric modes for B-61 on decoupler pylon -

with zero pitch stiffness.
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APPENDIX B
Antisymmetric Modes for B-61 on Decoupler Pylon

This appendix contains the computed antisymmetric mode
shapes for the first three frequencies with the B-61 store on
the decoupler pylon. Modes were computed for zero pitch

stiffness as well as for 3502 N/cm (2000 1lb/in.) pitch
stiffness.

55



ANTISYMMETRIC MODE NO.

= 6.11 Hz

FREQUENCY

ANTISYMMETRIC MODE NO. 2

FREQUENCY

ANTISYMMETRIC MODE NO. 3
= 11.31 Hz

FREQUENCY

Figure Bl.- First three computed antisymmetric modes for B-61 on decoupler pylon -

K = 3502 N/ecm(2000 1b/in).
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ANTISYMMETRIC MODE NO.

FREQUENCY =

9.74 Hz

ANTISYMMETRIC MODE NO. 2

= 11.31 Hz

FREQUENCY

ANTISYMMETRIC MODE NO. 3

11.63 Hz

FREQUENCY =

~-61 on decoupler pylon -

Figure B2.- First three computed antisymmetric modes for B

with zero pitch stiffness.
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APPENDIX C

Model Ground Vibration Test Modes

This appendix contains measured model ground vibration
test (GVT) modes for the B-61 store and decoupler pylon on
the flutter suppression wings and on the original wings.

Symmetric and antisymmetric modes are shown.

58




OF POOR QUALITY

ORIGINAL PAGE IS

1

SYMMETRIC MODE NO.
FREQUENCY = 10.88 Hz

SYMMETRIC MODE NO. 2

FREQUENCY

15.52 Hz

Figure Cl.- GVT Symmetric Modes for Model with Flutter Suppression Wings

B-61 store.
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SYMMETRIC MODE NO. 3

FREQUENCY = 17.44 Hz

SYMMETRIC MODE NO. 4

FREQUENCY = 19.15 Hz

Figure Cl.~- (Concluded)
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ANTISYMMETRIC MODE NO. 1
FREQUENCY = 14.62 Hz

ANTISYMMETRIC MODE NO. 2
FREQUENCY = 15.82 Hz

Figure C2.- GVT Antisymmetric Modes for Model with Flutter Suppression Wings.
B-61 store.
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ANTISYMMETRIC MODE NO. 3
FREQUENCY = 17.56 Hz

ANTISYMMETRIC MODE NO. 4
FREQUENCY = 20.97 Hz
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Figure C2.- (Concluded)




ORIGINAL PAGE IS
OF POOR QUALITY

SYMMETRIC MODE NO. 1
FREQUENCY = 10.91 Hz

SYMMETRIC MODE NO. 2
FREQUENCY = 15.60 Hz

Figure C3.- GVT Symmetric Modes for Model with Original Wings
B-61 store.
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SYMMETRIC MODE NO. 3
FREQUENCY = 17.57 Hz

SYMMETRIC MODE NO. 4
FREQUENCY = 19.15 Hz

///f\/":

2 a

Figure C3.- (Concluded)
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o/

ANTISYMMETRIC MODE NO. 1
FREQUENCY = 14.67 Hz

ANTISYMMETRIC MODE NO. 2
FREQUENCY = 15.87 Hz

Figure C4.- GVT Antisymmetric Modes for Model with Original Wings
B-61 store.
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ANTISYMMETRIC MODE NO. 3

FREQUENCY = 17.05 Hz

ANTISYMMETRIC MODE NO. 4
FREQUENCY = 20.99 Hz
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Figure C4.-

(Concluded)
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