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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 
E'-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 is 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. 
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INTRODUCTION 

The NASA L a n g l e y  R e s e a r c h  C e n t e r  h a s  i n v e s t i g a t e d  t h e  

u s e  o f  a d e c o u p l e r  p y l o n  as a means o f  s u p p r e s s i n g  w i n g / s t o r e  

f l u t t e r  ( R e f e r e n c e s  1 t h r o u g h  6). The c o n c e p t  c o n s i s t s  o f  

r e d u c i n g  t h e  p y l o n  p i t c h  s t i f f n e s s  u n t i l  t h e  s t o r e / p y l o n  

p i t c h  f r e q u e n c y  is less t h a n  t h e  f u n d a m e n t a l  wing  b e n d i n g  

f r e q u e n c y .  T h e s e  s t u d i e s  and  wind t u n n e l  t es t s  h a v e  been  

e x p a n d e d  to i n c l u d e  t h e  f a b r i c a t i o n  o f  a s h i p  s e t  o f  p y l o n s  

f o r  t h e  F-16. T h e s e  p y l o n s  w i l l  b e  u s e d  t o  d e m o n s t r a t e  t h e  

c a p a b i l i t i e s  o f  t h e  c o n c e p t  w i t h  a f l i g h t  t e s t  program. The 

p y l o n s  a r e  d e s i g n e d  t o  replace t h e  F-16 p r o d u c t i o n  weapon 
p y l o n s  which are  c a r r i e d  a t  S t a t i o n s  3 a n d  7 ( S p a n  S t a t i o n  
120). The d e t a i l s  o f  t h e  d e c o u p l e r  p y l o n  d e s i g n  a n d  t h e  

s u p p o r t i n g  a n a l y s i s  are d e s c r i b e d  i n  R e f e r e n c e  7 t o  w h i c h  

t h i s  document is a n  addendum. 

T h e  p y l o n s  h a v e  a beam p i t c h  s p r i n g  wh ich  h a s  a s p r i n g  

r a t e  which w a s  s e t  t o  i n c r e a s e  t h e  a i r p l a n e  f l u t t e r  speed by  
t h e  maximum amount  f o r  o n e  e x t e r n a l  s to re  c o n f i g u r a t i o n .  The 

e x t e r n a l  s tore  c o n f i g u r a t i o n  is i d e n t i f i e d  as  GBU-8 
c o n f i g u r a t i o n  a n d  h a s  a n  AIM-9 and  l a u n c h e r  on  t h e  wing  t i p s  
( S t a t i o n s  1 a n d  9 1 ,  t h e  GBU-8 a t  S t a t i o n s  3 a n d  7 ( S p a n  
S t a t i o n  1201,  a n d  1 / 2  f u l l  370 g a l l o n  t a n k s  a t  S t a t i o n s  4 a n d  

6 ( S p a n  S t a t i o n  7 1 ) .  The 370 g a l l o n  t a n k s  a r e  l o a d e d  w i t h  

t h e  c e n t e r  bay  empty and  t h e  f o r w a r d  a n d  a f t  b a y s  f u l l .  The  

d e c o u p l e r  p y l o n  is d e s i g n e d ,  f rom a s t r e n g t h  s t a n d p o i n t ,  t o  
c a r r y  a l l  s to re  l o a d i n g s  w h i c h  a r e  c u r r e n t l y  c a r r i e d  o n  
S t a t i o n s  3 ,  4 ,  6 and  7 .  

T h i s  addendum t o  t h e  b a s i c  report  s u m m a r i z e s  t h e  f i n a l  

a n a l y s e s ,  which were b a s e d  upon t h e  r e s u l t s  o f  t h e  g r o u n d  
t e s t s ,  and r e p o r t s  t h e  r e s u l t s  o f  a n a l y s e s  a n d  tes ts  w h i c h  
were c o n d u c t e d  t o  e v a l u a t e  t h e  ca r r i age  o f  a s e c o n d  e x t e r n a l  

s to re  o n  t h e  d e c o u p l e r  p y l o n .  The a d d i t i o n a l  a n a l y s e s  b a s e d  
upon t h e  g r o u n d  tests i n c l u d e d  f l u t t e r  a n a l y s e s  and  
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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 8-61 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 l-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. 

3 



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 link pins. After 
these measurements were made, the pylon pivot pins were 
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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 a l s o  used to compute 
complete airplane antisymmetric natural frequencies and modes 
of vibration. 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 
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pitch stiffness. These modes and frequencies were used to 
conduct the open loop spring analysis to evaluate the flutter 
speeds versus decoupler spring rate. 

F l u t t e r  Analyses 

Flutter analyses which used the modes of vibration 
described in the previous section were conducted. Two types 
of analyses were conducted (1)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 is shown on Figure 1. The 

antisymmetric modes result in two unstable roots at spring 
rate values below 6129 N/cm (3500 lb/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 
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h i g h  f l u t t e r  speeds i n  t h e  s p r i n g  r a t e  r a n g e  o f  3502  N / c m  
( 2 0 0 0  l b / i n . ) ,  wh ich  is  t h e  s p r i n g  r a t e  v a l u e  i n  t h e  a c t u a l  

h a r d w a r e .  

The  g r o u n d  v i b r a t i o n  t e s t s  o f  t h e  d e c o u p l e r  p y l o n  o n  t h e  

f i x t u r e  r e v e a l e d  a h i g h  f r i c t i o n  l e v e l  i n  t h e  l i n k a g e  p i n s .  

A t  l o w  e x c i t a t i o n  f o r c e  l e v e l s  t h e  p y l o n  p i t c h  f r e q u e n c y  was 
5.5 H z .  T h i s  mode is a n  u p p e r  s t r o n g b a c k  b e n d i n g  b e t w e e n  t h e  

t w o  w i n g / p y l o n  a t t a c h m e n t  p o i n t s .  T h i s  u p p e r  s t r o n g b a c k  

b e n d i n g  r e s u l t s  i n  GBU-8 p i t c h  m o t i o n .  A t  h i g h  f o r c e  l e v e l s  

t h e  p r i m a r y  s tore  p i t c h  mode is e x c i t e d .  T h i s  mode h a s  a 
f r e q u e n c y  o f  3 . 6  H z .  B r e a k o u t  t e s t s  a n d  c h a n g e s  i n  t h e  

l i n k a g e  p i n s  r e v e a l e d  t h e  source o f  t h e  f r i c t i o n  w h i c h  is i n  
t h e  p i v o t  p i n  b u s h i n g s .  The p y l o n  s y s t e m  w i t h  a f r e q u e n c y  

w h i c h  c h a n g e s  a s  a f u n c t i o n  o f  e x c i t a t i o n  f o r c e  is n o n l i n e a r  

and  t h e r e f o r e  a n o n l i n e a r  f l u t t e r  a n a l y s i s  w a s  c o n d u c t e d .  

T h e  n o n l i n e a r  a n a l y s i s  w a s  c o n d u c t e d  w i t h  two p i t c h  
s p r i n g  ra tes ,  (1) t h e  s t i f f  s p r i n g  r a t e  a t  a l o w  f o r c e  l e v e l  
a n d  ( 2 )  t h e  s o f t  s p r i n g  ra te  a t  a h i g h e r  f o r c e  l e v e l .  T h e r e  

were i n a d e q u a t e  measu remen t s  made d u r i n g  t h e  i n f l u e n c e  

c o e f f i c i e n t  t e s t s  t o  d e t e r m i n e  t h e  p i t c h  s p r i n g  ra te  a t  t h e  
l o w  a m p l i t u d e .  T o  d e t e r m i n e  t h e  l o w  a m p l i t u d e  p i t c h  s p r i n g  
r a t e ,  t h e  p i t c h  f r e q u e n c y  r a t i o  w a s  u s e d .  The s p r i n g  r a t e  
r a t i o  is r e l a t e d  t o  t h e  f r e q u e n c i e s  by t h e  f o l l o w i n g  
e q u a t i o n :  

w h e r e  k i s  t h e  s p r i n g  r a t e  be low b r e a k o u t ,  wh ich  is unknown 

a n d  k is t h e  d e s i g n  s p r i n g  r a t e  which  is 3502 N / c m  ( 2 0 0 0  

l b / i n . )  a c t i n g  111.76 c m  (44 i n . )  f rom t h e  s tore  C.G.  The 

r o t a t i o n  s p r i n g  r a t e  is: 

8 1  
9 2  
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= (3502)(111.76l2 = 4.374~10~ N cm/rad 
( 3 .8 7 2 xl0 i n .1 b/r ad ) 

ke 2 

= (5.5/3.6)2 x 4 . 3 7 4 ~ 1 0 ~  = 1 . 0 2 1 ~ 1 0 ~  N cm/rad 
(9.037~10~ in.lb/rad) 

01 
and k 

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

600O/(9.037x1O6) = .66393~10-~rad = .03804 deg 

In summary the spring rate below - +0.03804 degrees is 1.021~ 
lo6 N m/rad (9.037~10~ in.lb/rad) and between +0.03804 
degrees and 5 3 degrees the spring rate is 4.374x105-~ m/rad 
(3.872~10~ in.lb/rad) . The characteristics of this nonlinear 
spring rate are shown on Figure 2 .  At - + 3 degrees the pylon 

6 contacts the stops and k0 
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. 

= 1.021~10~ N m/rad (9.037 x 10 
1 

The nonlinear analysis is 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. 
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- 
M - Static Preload Moment (oscillations occur about 

this moment). 
- Static Moment required to deflect store to 

MO 
breakout value; 678 N m (6000 in.lb). 

61 - Amplitude of store pitch oscillation. 
- Pitch Angle at which store breaks friction 80 
(0.03804 degrees). 

6 - Describing function ( 6  = 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 
M/Mo. 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 ( 5 9 4  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 l o o p  is 
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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 ( 5 2 8  kts). At 305 m/s ( 5 9 4  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 ( 5 9 4  kts), 
a 9 0 °  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 loop. The flutter analysis 
reported in the previous section revealed a lowly damped root 
which crosses zero damping at 283 m/s ( 5 5 0  kts) and reaches a 
maximum damping value 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 ( 5 9 4  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. 

. 
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DYNAHIC 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 
lb.) whereas the B-61 weapon weighs 3.336kN (750 lb.). 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-61. 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 ot 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 
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T a b l e  6 .  T h e  mode s h a p e s  f o r  t h e  t h r e e  lowest f r e q u e n c y  

modes w i t h  t h e  d e c o u p l e r  p y l o n  are shown i n  Append ix  A .  The 

d e c o u p l e r  p y l o n  h a s  t h e  e f f e c t  o f  c h a n g i n g  t h e  wing b e n d i n g  
f r e q u e n c y  f rom 6.08 Hz t o  5.99 Hz. The B-61 s tore  p i t c h  mode 

f r e q u e n c y  is r e d u c e d  f r o m  9 . 3 3  H z  t o  6 . 1 9  Hz.  A l s o  t h e  

h i g h e r  f r e q u e n c y  modes a re  r e o r d e r e d  d u e  t o  t h e  e f f e c t  o f  t h e  

d e c o u p l e r  p y l o n .  T h e  mode f r e q u e n c i e s  c o m p u t e d  w i t h  t h e  

d e c o u p l e r  p y l o n  s i m u l a t i o n  w i t h  a zero p i t c h  s t i f f n e s s  s p r i n g  
i n  t h e  d e c o u p l e r  a r e  also s h o w n  o n  T a b l e  6 .  W i t h o u t  t h e  

p i t c h  sp r ing  t h e  B-61 p i t c h  mode is e l i m i n a t e d .  The 
f r e q u e n c i e s  o f  t h e  o t h e r  modes a r e  o n l y  a l t e r e d  s l i g h t l y  by 
r emov ing  t h e  d e c o u p l e r  p i t c h  s p r i n g .  The f i r s t  t h r e e  mode 
s h a p e s  w i t h  t h e  z e r o  d e c o u p l e r  p i t c h  s p r i n g  a r e  s h o w n  i n  
Appendix  A .  

The a n t i s y m m e t r i c  c o m p l e t e  a i r p l a n e  mode f r e q u e n c i e s  f o r  
t h e  p r o d u c t i o n  p y l o n  s i m u l a t i o n  a n d  t h e  d e c o u p l e r  p y l o n  

s i m u l a t i o n  a r e  shown o n  T a b l e  7 .  A d e s c r i p t i o n  o f  e a c h  o f  

t h e  f i r s t  s e v e n  lowest f r e q u e n c y  modes is a l s o  i n c l u d e d  o n  

T a b l e  7 .  T h e  mode s h a p e s  f o r  t h e  t h r e e  l owes t  f r e q u e n c y  

modes w i t h  t h e  d e c o u p l e r  p y l o n  a r e  shown i n  Appendix  B.  The 

d e c o u p l e r  p y l o n  h a s  t h e  e f f e c t  o f  c h a n g i n g  t h e  wing b e n d i n g  

f r e q u e n c y  f r o m  10 .09  Hz t o  9.82 Hz. The B-61 s tore  p i t c h  

mode f r e q u e n c y  is r e d u c e d  f rom 9 .043  Hz t o  6 .11  Hz. T h i s  

separa t ion  o f  t h e  f i r s t  t w o  mode f r e q u e n c i e s ,  wh ich  is t h e  
r e s u l t  o f  t h e  d e c o u p l e r ,  h a s  a s i g n i f i c a n t  e f f e c t  upon t h e  

f l u t t e r  s p e e d .  T h e  mode f r e q u e n c i e s  c o m p u t e d  w i t h  t h e  
d e c o u p l e r  p y l o n  s i m u l a t i o n  w i t h  a zero p i t c h  s t i f f n e s s  s p r i n g  
i n  t h e  d e c o u p l e r  a r e  shown on  T a b l e  7 .  W i t h o u t  t h e  p i t c h  
s p r i n g  t h e  €3-61 p i t c h  mode is e l i m i n a t e d .  The  f r e q u e n c i e s  o f  

t h e  o t h e r  modes a re  a l t e r e d  s l i g h t l y  by r emov ing  t h e  

d e c o u p l e r  p i t c h  s p r i n g .  The f i r s t  t h r e e  mode s h a p e s  w i t h  t h e  
d e c o u p l e r  z e r o  p i t c h  s p r i n g  are  shown i n  Append ix  B. 
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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 py lon  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 
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is t h e  r e su l t  o f  h a v i n g  d r i v e n  t h e  f i r s t  t w o  mode f r e q u e n c i e s  
v e r y  close t o g e t h e r  (5 .99  Hz a n d  6.19 Hz). I n  t h e  

a n t i s y m m e t r i c  case, t h e  d e c o u p l e r  p y l o n  separates t h e  wing  

b e n d i n g  mode a n d  t h e  store p i t c h  mode f r e q u e n c i e s  ( 6 . 1 1  Hz 
a n d  9 . 8 2  Hz). T h i s  s e p a r a t i o n  r e s u l t s  i n  a n  i n c r e a s e  i n  

f l u t t e r  s p e e d .  

T h e  f l u t t e r  a n a l y s i s  o f  t h e  B-61 c o n f i g u r a t i o n  w i t h  t h e  

d e c o u p l e r  p y l o n  and  a s p r i n g  d e s i g n e d  f o r  t h e  GBU-8 weapon 

i n d i c a t e s  t h a t  a c h a n g e  i n  s p r i n g  ra te  w a s  r e q u i r e d  o n  t h e  

B-61 c o n f i g u r a t i o n .  A series o f  a d d i t i o n a l  a n a l y s e s  were 
t h e r e f o r e  c o n d u c t e d  t o  d e t e r m i n e  t h e  opt imum B-61 s p r i n g  r a t e  
f o r  b o t h  t h e  s y m m e t r i c  and  a n t i s y m m e t r i c  cases. A ser ies  of 

p y l o n  s p r i n g  c o u p l i n g  a n a l y s e s  were c o n d u c t e d  t o  d e t e r m i n e  

t h e  p y l o n  p i t c h  s p r i n g  r a t e  which  would  r e s u l t  i n  a n  i n c r e a s e  
i n  f l u t t e r  s p e e d  f o r  b o t h  t h e  s y m m e t r i c  a n d  a n t i s y m m e t r i c  

cases.  T h e  method which  w a s  u s e d  is t o  t r e a t  t h e  d e c o u p l e r  
p y l o n  s p r i n g  a s  a f e e d b a c k  l o o p  i n  a f e e d b a c k  m e c h a n i s m .  

W i t h  t h i s  a p p r o a c h  i t  is p o s s i b l e  t o  d e v e l o p  a s p r i n g  r a t e  
v e r s u s  f l u t t e r  v e l o c i t y  c u r v e  a n d  d e t e r m i n e  t h e  s p r i n g  r a t e  
a t  w h i c h  t h e  maximum f l u t t e r  s p e e d  o c c u r s .  T h i s  t y p e  o f  
a n a l y s i s  r e q u i r e s  t h e  s e t  o f  mode s h a p e s  w i t h  zero  d e c o u p l e r  

p y l o n  sp r ing  s t i f f n e s s .  T h e s e  mode s h a p e s  and  f r e q u e n c i e s  
were computed;  t h e  mode s h a p e s  a r e  shown i n  A p p e n d i c e s  A a n d  
B ,  a n d  t h e  mode f r e q u e n c i e s  are  shown on  T a b l e s  6 and  7. The 
u n s t e a d y  a e r o d y n a m i c  t e r m s  were computed  u s i n g  t h e s e  mode 
s h a p e s  and t h e  d o u b l e t  l a t t i c e  a e r o d y n a m i c  p r o c e d u r e  f o r  a 
Mach number o f  0 .9 .  The o p e n  l o o p  f r e q u e n c y  r e s p o n s e  w a s  
computed  f o r  a series o f  v e l o c i t i e s  t o  d e t e r m i n e  t h e  p i t c h  
s p r i n g  r a t e  a t  t h e s e  v e l o c i t i e s .  

T h e  r e s u l t s  o f  t h e  s y m m e t r i c  a n a l y s i s  a r e  s h o w n  o n  

F i g u r e  4 .  The s p r i n g  ra te  is  d e f i n e d  i n  t e r m s  o f  a l i n e a r  

s p r i n g  a c t i n g  111 .76  c m  ( 4 4  i n . )  a f t  o f  t h e  s tore  c e n t e r  o f  

g r a v i t y .  The c e n t e r  o f  g r a v i t y  is l o c a t e d  h a l f w a y  be tween  
t h e  M A U - 1 2  h o o k s .  T h e  lowest  f l u t t e r  s p e e d  o c c u r s  a t  a 

1 4  



s p r i n g  ra te  of a p p r o x i m a t e l y  3502 N / c m  ( 2 0 0 0  l b / i n .  1,  w h i c h  
is t h e  v a l u e  i n  t h e  c u r r e n t  d e c o u p l e r  d e s i g n .  The r e s u l t s  o f  
t h e  v-g s o l u t i o n  a re  a l s o  shown o n  F i g u r e  4 f o r  c o m p a r i s o n  

w i t h  t h e  o p e n  loop r e s u l t s .  T h e  d i f f e r e n c e  i n  v e l o c i t y  

be tween  t h e  v-g s o l u t i o n  and t h e  o p e n  l o o p  s o l u t i o n  is d u e  t o  
s m a l l  c h a n g e s  i n  t h e  mode s h a p e s  b e t w e e n  t h e  f i n i t e  d e c o u p l e r  

s p r i n g  a n d  t h e  z e r o  s p r i n g  modes. S t r u c t u r a l  damping  v a l u e s  

o f  0 . 0 2  i n  t h e  f l e x i b l e  modes  w e r e  u s e d  t o  p r e d i c t  t h e  
f l u t t e r  v e l o c i t y  i n  b o t h  c a s e s .  A s o f t e r  or a s t i f f e r  p i t c h  

s p r i n g  w i t h  respect t o  t h e  c u r r e n t  d e s i g n  w i l l  r e s u l t  i n  a 
h i g h e r  f l u t t e r  speed. 

T h e  r e s u l t s  o f  t h e  s p r i n g  c o u p l i n g  a n a l y s e s  of t h e  
a n t i s y m m e t r i c  modes o f  v i b r a t i o n  are  shown i n  F i g u r e  5 .  The 

s p r i n g  ra te  is d e f i n e d  i n  t e r m s  o f  a l i n e a r  s p r i n g  a c t i n g  

111 .76  c m  ( 4 4  i n . )  a f t  of t h e  s tore  c e n t e r  o f  g r a v i t y .  The 

c e n t e r  of g r a v i t y  is l o c a t e d  h a l f w a y  be tween  t h e  MAU-12 rack 

hooks .  The  lowest f l u t t e r  speed  o c c u r s  a t  t h e  h i g h e s t  s p r i n g  
r a t e  a n d  t h e  f l u t t e r  s p e e d  i n c r e a s e s  a s  t h e  s p r i n g  r a t e  
decreases. I n  t h e  s p r i n g  r a t e  r a n g e  f rom a p p r o x i m a t e l y  3502 
N / c m  (2000  l b . / i n . )  t o  10506 N/cm ( 6 0 0 0  l b . / i n . )  t he re  is a 
n a r r o w  r e g i o n  of i n s t a b i l i t y  and  a t  h i g h e r  v e l o c i t i e s  t h e  
f l u t t e r  c o n d i t i o n  would a g a i n  become s t a b l e .  The phenomenon 

is a n a l o g o u s  t o  a v e l o c i t y  damping s o l u t i o n  wh ich  crosses 
z e r o  d a m p i n g  as  v e l o c i t y  i n c r e a s e s  a n d  t h e n  w i t h  f u r t h e r  

i n c r e a s e s  i n  v e l o c i t y  c rosses  b a c k  o v e r  z e r o  d a m p i n g  a n d  
becomes s t a b l e .  A t  t h e  h i g h e r  s p r i n g  r a t e s  where  t h e  h i g h e r  

v e l o c i t y  s t a b l e  r e g i o n  does n o t  e x i s t ,  t h e  damping a p p r o a c h e s  

z e r o  w i t h o u t  c r o s s i n g  i t .  A t  a s p r i n g  r a t e  o f  a p p r o x i m a t e l y  

5255 N / c m  (3000  l b . / i n . ) .  The u n s t a b l e  v e l o c i t y  r e g i o n  is 
v e r y  n a r r o w .  T h e  f l u t t e r  a n a l y s i s  r e s u l t s  o b t a i n e d  w i t h  

s p r i n g  c o u p l i n g  were compared w i t h  t h e  v-g s o l u t i o n  a p p r o a c h  
o n  F i g u r e  5 fo r  a s p r i n g  r a t e  o f  3502  N / c m  ( 2 0 0 0  l b . / i n . ) .  

The s m a l l  d i f f e r e n c e  i n  f l u t t e r  s p e e d  be tween  t h e  v-g 
s o l u t i o n  a n d  t h e  s p r i n g  c o u p l i n g  s o l u t i o n  is d u e  t o  s m a l l  
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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 lb/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 level and at 
velocities of 204 m/s (397 kts) and 305 m/s ( 5 9 4  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-61 
configuration indicates that the existing decoupler spring 
rate of 3 5 0 2  N/cm ( 2 0 0 0  lb/in.) results in a symmetric 
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flutter speed which is below the aeroservoelastic analysis 
speed. A symmetric analysis was conducted with the 3502 N/cm 
(2000 lb/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 lb/in.) spring rate. 
Since a 1751 N/cm (1000 lb/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 lb/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 lb/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 lb/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 -2.09 and 5.5g symmetric maneuvers, -1.09, 1.Og and 
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4.49 roll maneuvers with maximum bank angle change of 180°, 
and 1.09 sideslip maneuvers ranging from maximum positive 
sideslip angles to maximum negative sideslip angles. The six 
components of load 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 

0.90 
0.95 

2500 
S . L .  

2500 

-29 Abrupt Push-Over 
-1g 180° Roll 
4.49 180° 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 Pitchinq Moment 
N m (In.Lb.1 

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 
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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 lb/in.) and 1751 N/cm (1000 
lb/in.). The time history response for the decoupler pylon 
with a 3502 N/cm (2000 lb/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 
- + 0 . 5 O  and to turn off at 50.25 . The maximum misalignment 
angle with the'alignment motor inactive is 0.7O. The maximum 
misalignment angle with the alignment motor active is -0.67O 
which is no significant improvement. 

0 

The time history response for the decoupler pylon with a 
1751 N/cm (1000 lb/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 - +O.SO and turn 
of f  at - +0.25 degrees. The maximum misalignment angle with 
the alignment motor inactive is 1.48O. The maximum 
misalignment angle with the alignment motor active is -1.26O. 

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 v i b r a t i o n  tes ts  o f  t h e  1 / 4  s ca l e  F-16 f l u t t e r  
m o d e l  were c o n d u c t e d .  T h e  p u r p o s e  o f  t h e s e  tes ts  was t o  
d e t e r m i n e  t h e  n a t u r a l  f r e q u e n c i e s  a n d  mode s h a p e s  o f  t h e  B-61 
s t o r e  c o n f i g u r a t i o n  w i t h  t h e  p r o d u c t i o n  p y l o n s .  The  store 
c o n f i g u r a t i o n  h a s  b e e n  wind t u n n e l  tested o n  t w o  p r e v i o u s  

o c c a s i o n s .  T h e  f l u t t e r  model h a s  t w o  s e t s  o f  w i n g s .  T h e  

o r i g i n a l  model w i n g s  h a v e  b e e n  u s e d  e x t e n s i v e l y  f o r  s tores 
c l e a r a n c e .  T h e s e  w i n g s  h a v e  f l a p e r o n s  wh ich  are h e l d  w i t h  

c l o t h  h i n g e s  and  t h e  ac tua tor  s t i f f n e s s  is  s i m u l a t e d  w i t h  a 
l e a f  s p r i n g .  A s e c o n d  s e t  o f  model  w i n g s  was f a b r i c a t e d  i n  
1 9 7 8 .  These w i n g s  are d y n a m i c a l l y  t h e  same as t h e  o r i g i n a l  
w i n g s ,  w i t h  h i n g e d  f l a p e r o n s  t h a t  a r e  a c t u a t e d  w i t h  a c t u a t o r s  

a t  t h e  root  of t h e  f l a p e r o n s .  T h e s e  w i n g s  a r e  i d e n t i f i e d  a s  
t h e  f l u t t e r  s u p p r e s s i o n  w i n g s .  The  f i r s t  wind  t u n n e l  t e s t  of 

t h e  B - 6 1  c o n f i g u r a t i o n  was c o n d u c t e d  w i t h  t h e  o r i g i n a l  model  

w i n g s .  D u r i n g  t h e s e  t e s t s  f l u t t e r  was e n c o u n t e r e d .  T h e  

s e c o n d  w i n d  t u n n e l  t e s t  o f  t h e  B - 6 1  c o n f i g u r a t i o n  w a s  
c o n d u c t e d  o n  t h e  f l u t t e r  s u p p r e s s i o n  wings .  T h i s  t es t  was 
c o n d u c t e d  t o  dynamic  p r e s s u r e s  much a b o v e  t h e  t e s t  c o n d i t i o n s  
of t h e  f i r s t  t e s t  w i t h o u t  e n c o u n t e r i n g  f l u t t e r .  

These  g r o u n d  v i b r a t i o n  t e s t s  o f  t h e  model  were c o n d u c t e d  

t o  d e t e r m i n e  if d i f f e r e n c e s  b e t w e e n  t h e  two sets of model 
w i n g s  c o u l d  be d e t e c t e d  wh ich  would e x p l a i n  t h e  d i f f e r e n c e  i n  
t h e  w i n d  t u n n e l  t e s t  r e s u l t s .  E a r l i e r  s t a t i c  d e f l e c t i o n  

t e s t s  o f  t h e  t w o  s e t s  o f  w i n g s  r e v e a l e d  n o  d i f f e r e n c e .  
Therefore ,  t h e  lowest f r e q u e n c y  modes were m e a s u r e d  w i t h  b o t h  
sets of wings.  The m e a s u r e d  n a t u r a l  f r e q u e n c i e s  a r e  shown o n  
T a b l e  Ill for  b o t h  wing c o n f i g u r a t i o n s .  T h e  lowest f o u r  mode 
s h a p e s  f o r  each wing c o n f i g u r a t i o n  are shown i n  Append ix  C .  

W i t h  t h e  e x c e p t i o n  of t h e  8-61 yaw mode, t h e  f r e q u e n c i e s  a r e  
v e r y  c l o s e  t o  t h e  same f o r  b o t h  sets of w i n g s .  The B - 6 1  yaw 
mode f r e q u e n c y  i s  d i f f e r e n t  be tween  t h e  t w o  w i n g s  a n d  a l so  
d i f f e r e n t  be tween t h e  l e f t  hand a n d  r i g h t  hand  s i d e .  S i n c e  
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t h e  stores a n d  p y l o n s  a r e  t h e  s a m e  f o r  t h e  t e s t s  o f  b o t h  wing  

s e t s ,  t h e s e  yaw mode d i f f e r e n c e s  a r e  a t t r i b u t e d  t o  s m a l l  
d i f f e r e n c e s  i n  t h e  p y l o n  a t t a c h m e n t  s t i f f n e s s  i n  e a c h  o f  t h e  

f o u r  w i n g s .  T h e  s m a l l e r  d i f f e r e n c e s  i n  t h e  B - 6 1  p i t c h  

f r e q u e n c i e s  i n d i c a t e  t h a t  t h e  p i t c h  s u p p o r t  s t i f f n e s s  is more 
u n i f o r m  be tween  l e f t  a n d  r i g h t  a n d  t h e  t w o  sets o f  w i n g s .  

The  f l u t t e r  mode is p r i m a r i l y  a c o u p l i n g  be tween  t h e  
w i n g  b e n d i n g  mode a n d  t h e  B - 6 1  p i t c h  mode. T h e  s m a l l  
d i f f e r e n c e  i n  t h e  f r e q u e n c ' i e s  a n d  mode s h a p e s  w h i c h  were 
m e a s u r e d  d o e s  n o t  a p p e a r  t o  b e  s i g n i f i c a n t  enough t o  c h a n g e  
t h e  f l u t t e r  c h a r a c t e r i s t i c s  be tween  t h e  t w o  wing sets. 
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WIND TUNNEL FLUTTER MODEL TESTS - B - 6 1 ,  GBU-8 

Wind t u n n e l  f l u t t e r  model  tests were c o n d u c t e d  i n  t h e  

NASA Lang ley  16 f o o t  T r a n s o n i c  Dynamics T u n n e l  t o  d e m o n s t r a t e  

t h e  e f f e c t i v e n e s s  o f  t h e  d e c o u p l e r  p y l o n  t o  s u p p r e s s  
w i n g / s t o r e  f l u t t e r .  A l l  tests c o n d u c t e d  p r i o r  t o  t h e  tests 
r e p o r t e d  here  u s e d  a d e c o u p l e r  p y l o n  w h i c h  h a d  a s i n g l e  

p i v o t .  O n e  o f  t h e  c o n c l u s i o n s  f rom t h e s e  e a r l i e r  tests was 
t h a t  maximum i n c r e a s e  i n  f l u t t e r  speed w a s  o b t a i n e d  w i t h  a 
d e c o u p l e r  d e s i g n  wh ich  h a s  i t s  p i v o t  l o c a t i o n  as  close t o  t h e  

w i n g  p l a n e  as p o s s i b l e .  T h e  d i s a d v a n t a g e  o f  t h i s  p y l o n  

c o n f i g u r a t i o n  is t h a t  d u r i n g  m a n e u v e r s  t h e  m i s a l i g n m e n t  

a n g l e s  a r e  l a r g e r  t h a n  when t h e  p i v o t  l o c a t i o n  is n e a r  t h e  
s t o r e  C.G.  T h e  a i r p l a n e  h a r d w a r e  w h i c h  w i l l  b e  f l i g h t  

t e s t e d  h a s  a remote p i v o t  wh ich  c o i n c i d e s  w i t h  t h e  s to re  C.G. 
T h e  p u r p o s e  o f  w i n d  t u n n e l  t e s t s  r e p o r t e d  h e r e  w a s  t o  
d e m o n s t r a t e  t h a t  t h e  remote p i v o t  d e c o u p l e r  p y l o n  d e s i g n  was 
a s  e f f e c t i v e  i n  s u p p r e s s i n g  f l u t t e r  a s  t h e  s i n g l e  p i v o t  

d e s i g n  had d e m o n s t r a t e d  i n  e a r l i e r  w i n d  t u n n e l  t e s t s .  A 

s e c o n d  o b j e c t i v e  w a s  t o  d e m o n s t r a t e  t h a t  t h e  f r i c t i o n  which  

e x i s t s  i n  t h e  f u l l  s ca l e  h a r d w a r e  p i n s ,  d i d  n o t  a d v e r s e l y  
e f f e c t  t h e  f l u t t e r  s u p p r e s s i o n  c h a r a c t e r i s t i c s  o f  t h e  p y l o n .  
The wind  t u n n e l  d e m o n s t r a t i o n s  o f  t h e  remote p i v o t  d e s i g n  

were s t a r t e d  on A u g u s t  1 ,  1983  and  were c o m p l e t e d  on  Augus t  
5 ,  1 9 8 3 .  

A s h i p  s e t  of d e c o u p l e r  p y l o n s  wh ich  were g e o m e t r i c a l l y  

s c a l e d  m o d e l s  o f  t h e  f u l l  s c a l e  a r t i c l e  was d e s i g n e d  a n d  
f a b r i c a t e d  by Dynamic E n g i n e e r i n g  I n c .  The i n t e r n a l  

a r r a n g e m e n t  of t h e  p y l o n  is shown i n  F i g u r e  8. The model  

p y l o n s  had a s c a l e d  s t i f f n e s s  beam s p r i n g  a n d  a n  a i r  damper .  
A c t i v e  p i t c h  a l i g n m e n t  was n o t  p r o v i d e d .  A t h r e a d e d  screw 
w a s  p r o v i d e d  and  a l i g n m e n t  p o s i t i o n  c o u l d  b e  se t  and  l o c k e d  

f o r  e a c h  run. The p y l o n  w i t h  t h e  n o s e ,  t r a i l i n g  e d g e  a n d  o n e  
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s ide  f a i r i n g  i n s t a l l e d  is shown o n  F i g u r e  9 .  The p y l o n  w i t h  
t h e  model  GBU-8 weapon i n s t a l l e d  is  shown o n  F i g u r e  1 0 .  

The  5 d a y s  of t u n n e l  t e s t i n g  a re  summar ized  on  T a b l e  11. 
Two e x t e r n a l  store c o n f i g u r a t i o n s  were t e s t e d .  The GBU-8 

c o n f i g u r a t i o n  w a s  t e s t e d  w i t h  b o t h  t h e  p r o d u c t i o n  weapons 

p y l o n  and  t h e  d e c o u p l e r  py lon .  The c o n f i g u r a t i o n  w a s  tes ted 
w i t h  t w o  e x t e r n a l  f u e l  t a n k  l o a d i n g s .  The d e c o u p l e r  p y l o n  

t e s t s  were c o n d u c t e d  w i t h  n o  f r i c t i o n  a n d  t w o  l e v e l s  o f  

i n c r e a s e d  f r i c t i o n .  The B - 6 1  c o n f i g u r a t i o n  was t h e  s e c o n d  

s t o r e  c o n f i g u r a t i o n  t e s t e d  a n d  i t  was t e s t e d  w i t h  t h e  

p r o d u c t i o n  p y l o n  o n l y .  

The B-61 e x t e r n a l  s tore  c o n f i g u r a t i o n  w i t h  t h e  
p r o d u c t i o n  p y l o n  had  e n c o u n t e r e d  f l u t t e r  when t e s t e d  e a r l i e r  
o n  t h e  o r i g i n a l  m o d e l  w i n g s  b u t  n o t  when t e s t e d  o n  t h e  

f l u t t e r  s u p p r e s s i o n  w i n g s .  U n f o r t u n a t e l y  t h e  o r i g i n a l  model  
w i n g s  were d e s t r o y e d  b y  f l u t t e r  d u r i n g  t e s t s  of a n o t h e r  
c o n f i g u r a t i o n  and  were n o t  a v a i l a b l e  f o r  t h e s e  tests.  The 

f l u t t e r  p o i n t s  c o u l d  n o t  b e  r e p e a t e d  w i t h  t h e  f l u t t e r  
s u p p r e s s i o n  w i n g s ,  e v e n  though t h e r e  is no  i n d i c a t i o n  f rom 
g r o u n d  tests t h a t  t h e  t w o  s e t s  o f  w ings  were d i f f e r e n t .  The 
t e s t  w a s  t e r m i n a t e d  b e c a u s e  w i t h  n o  f l u t t e r  p o i n t s  t h e  

d e c o u p l e r  p y l o n  t e s t  would have no  p u r p o s e .  

The d e c o u p l e r  p y l o n s  were m o d i f i e d  to i n c o r p o r a t e  
f r i c t i o n  i n t o  t h e  s y s t e m .  A s p r i n g  l o a d e d  b o l t  was added  

wh ich  p u l l e d  t h e  p y l o n  f a i r i n g  i n t o  p a d s  wh ich  were bonded t o  
t h e  lower p o r t i o n  o f  t h e  p y l o n .  T h e  t e n s i o n  i n  t h e  b o l t  

c o u l d  b e  i n c r e a s e d  o r  d e c r e a s e d  t o  c h a n g e  t h e  p r e s s u r e  
b e t w e e n  t h e  s i d e  p a n e l s  o f  t h e  f a i r i n g s  and  t h e  b a l s a  p a d s  

bonded  t o  t h e  lower p o r t i o n  of t h e  p y l o n .  Ground tests o f  
t h e  f u l l  s ca l e  p y l o n s  h a v e  shown t h a t  a moment o f  678 N m 
( 6 0 0 0  i n .  l b )  w a s  r e q u i r e d  t o  b r e a k o u t  t h e  f r i c t i o n  ( r e f .  7 ) .  

T h e  b r e a k o u t  f r i c t i o n  l e v e l  was s i m u l a t e d  o n  t h e  m o d e l  

p y l o n s .  The s c a l i n g  f a c t o r  o n  moment be tween  a i r p l a n e  and  
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m o d e l  is 429.64. The  a i r p l a n e  t o  mode l  s c a l i n g  f a c t o r s  a r e  
shown i n  R e f e r e n c e  9 .  The moment o n  t h e  model  is: 

678 

429.6 
= 1 .578  N m ( 1 3 . 9 6  i n . l b )  

T h e  d e c o u p l e r  p y l o n s  were mounted  i n  a f i x t u r e  t o  a p p l y  t h i s  

moment. A p l a t e  was b o l t e d  t o  t h e  b o t t o m  o f  t h e  p y l o n s  w h i c h  

h a d  a l o a d  a p p l i c a t i o n  p o i n t  w h i c h  was 2 6 . 0 3  c m  ( 1 0 . 2 5  

i n c h e s )  fo rward  o f  t h e  l i n k a g e  a p e x .  The  l o a d  r e q u i r e d  a t  
t h i s  p o i n t  is: 

- -  1*578 - 6.06 N (1 .36  l b s )  
.2603 

The t e n s i o n  s p r i n g  was set  a n d  l o c k e d  so t h a t  a t  4 . 4 4 8  N (1 

l b )  of l o a d  b r e a k o u t  d i d  n o t  o c c u r  a n d  a t  6 .09  N ( 1 . 3 7  l b s )  
b r e a k o u t  o c c u r r e d .  T h e  b r e a k o u t  s t a t u s  was o b t a i n e d  b y  

m o n i t o r i n g  t h e  s p r i n g  s t r a i n  g a g e .  Bo th  p y l o n s  were s e t  w i t h  
t h i s  same l e v e l  o f  b r e a k o u t  f r i c t i o n .  

A f t e r  c o m p l e t i n g  Run N o .  39 ( T a b l e  111, t h e  d e c o u p l e r  

p y l o n s  were removed f r o m  t h e  model  a n d  t h e  b r e a k o u t  f r i c t i o n  

w a s  checked .  The f r i c t i o n  was t h e  same a s  b e f o r e  Run N o .  38.  

T h e  f r i c t i o n  was i n c r e a s e d  t o  a l e v e l  w h i c h  was twice t h e  

l e v e l  t e s t e d  on r u n s  38 a n d  39 .  T h i s  i n c r e a s e d  f r i c t i o n  was 
a c c o m p l i s h e d  by i n c r e a s i n g  t h e  t e n s i o n  i n  t h e  b o l t s  i n  t h e  

p y l o n  f a i r i n g .  The t e n s i o n  w a s  i n c r e a s e d  u n t i l  t h e  b r e a k o u t  

would  n o t  o c c u r  a t  8 .896  N ( 2  l b s )  o f  l o a d  a t  26.03 c m  ( 1 0 . 2 5  
i n c h e s )  from t h e  p y l o n  apex, and  would  b r e a k o u t  a t  12 .23  N 

( 2 . 7 5  l b s ) .  B o t h  p y l o n s  were s e t  a n d  l o c k e d  u s i n g  t h i s  
c r i t e r i a .  
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A f t e r  c o m p l e t i n g  Run No. 4 1  ( T a b l e  111, t h e  d e c o u p l e r  
p y l o n s  were removed f rom t h e  model  a n d  t h e  b r e a k o u t  f r i c t i o n  
w a s  c h e c k e d  o n  p y l o n  N o .  2 ( r i g h t  h a n d  s i d e ) .  T h e  p y l o n  

would n o t  b r e a k o u t  w i t h  6.672 N ( 1 . 5  l b s )  o f  w e i g h t  a n d  would  

b r e a k o u t  w i t h  7.784 N (1 .75  l b s ) .  T h i s  t e s t  i n d i c a t e d  t h a t  

t h e  f r i c t i o n  w h i c h  was i n  t h e  p y l o n s  a t  t h e  b e g i n n i n g  o f  r u n  

N o .  4 1  h a d  b e e n  r e d u c e d  d u r i n g  t h e  r u n .  T h e r e  w a s  a n  

i n d i c a t i o n  t h a t  t h e  f r i c t i o n  s u r f a c e s  were more p o l i s h e d  t h a n  

b e f o r e  t h e  r u n .  

The c o n c l u s i o n s  wh ich  were o b t a i n e d  f rom t h e  f i v e  d a y s  

o f  w i n d  t u n n e l  tests a r e  t h a t  t h e  d e c o u p l e r  p y l o n  w i t h  a 
remote p i v o t  is j u s t  a s  e f f e c t i v e  i n  i n c r e a s i n g  t h e  
w i n g / s t o r e  f l u t t e r  s p e e d  as t h e  s i n g l e  p i v o t  p y l o n  d e s i g n  is. 
A l s o ,  i n c r e a s e d  f r i c t i o n  i n  t h e  p y l o n  p i v o t  t o  l e v e l s  
c o m p a r a b l e  to  t h e  f u l l  scale h a r d w a r e ,  d o e s  n o t  e f f e c t  t h e  
c a p a b i l i t y  o f  t h e  p y l o n  f o r  i n c r e a s i n g  t h e  f l u t t e r  s p e e d .  
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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 linkage 
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. In 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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I n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e  remote 
p i v o t  d e s i g n  d e c o u p l e r  p y l o n ,  a wind  t u n n e l  model  f l u t t e r  

t e s t  was c o n d u c t e d .  T h e s e  tests i n d i c a t e d  t h a t  t h e  remote 
p i v o t  d e s i g n  w a s  e q u a l l y  as e f f e c t i v e  i n  s u p p r e s s i n g  f l u t t e r  

a s  t h e  s i n g l e  p i v o t  d e s i g n .  The  e f f e c t  o f  f r i c t i o n  was a l so  
e v a l u a t e d  o n  t h e  wind t u n n e l  mode l ,  a n d  t h e r e  w a s  no  a d v e r s e  

e f f e c t  of f r i c t i o n  i n  t h e  py lon  l i n k a g e .  

The c u r r e n t  d e s i g n  d e c o u p l e r  p y l o n s  w i t h  a 3502 N / c m  
( 2 0 0 0  l b / i n . )  s p r i n g  r a t e ,  wh ich  is optimum f o r  t h e  GBU-8 

weapon car r iage ,  were e v a l u a t e d  f o r  c a r r y i n g  t h e  B-61 weapon. 
T h e  B-61 is much l i g h t e r  t h a n  t h e  GBU-8. The  weapon p i t c h  

i n e r t i a  i s  a l s o  much l e s s .  F l u t t e r  a n a l y s e s ,  a e r o s e r v o -  

e l a s t i c  a n a l y s e s ,  a n d  r e s p o n s e  t o  a b r u p t  m a n e u v e r s  were 
c o n d u c t e d  o n  t h e  a i r p l a n e  with t h e  €3-61 c o n f i g u r a t i o n .  The 
f l u t t e r  a n a l y s i s  i n d i c a t e d  t h a t  t h e  d e c o u p l e r  p y l o n  i n c r e a s e d  
t h e  a i r p l a n e  a n t i s y m m e t r i c  f l u t t e r  s p e e d  by a l a r g e  amount .  

T h e  a n a l y s i s  a l s o  i n d i c a t e d  t h a t  t h e  s y m m e t r i c  f l u t t e r  s p e e d  

was r e d u c e d  t o  a n  u n a c c e p t a b l e  l e v e l  by t h e  d e c o u p l e r  p y l o n .  

V a r i a t i o n s  o f  t h e  d e c o u p l e r  s p r i n g  r a t e  were made t o  
d e t e r m i n e  a s p r i n g  r a t e  which would  i n c r e a s e  t h i s  s y m m e t r i c  

f l u t t e r  s p e e d  w h i l e  n o t  d e c r e a s i n g  t h e  a n t i s y m m e t r i c  f l u t t e r  

s p e e d .  The d e c o u p l e r  s p r i n g  r a t e  which  m e t  t h e s e  
r e q u i r e m e n t s  h a s  a v a l u e  of 1751 N / c m  ( 1 0 0 0  l b / i n . ) ,  

A e r o s e r v o e l a s t i c  a n a l y s e s  o f  t h e  B-61 c o n f i g u r a t i o n  w i t h  

t h e  d e c o u p l e r  p y l o n  w i t h  a 1751 N / c m  ( 1 0 0 0  l b / i n . )  and  a 3502 
N / c m  ( 2 0 0 0  l b / i n . )  s p r i n g  r a t e  s p r i n g  were c o n d u c t e d .  T h e s e  

a n a l y s e s  i n d i c a t e d  t h a t  t h e  f l i g h t  c o n t r o l  s y s t e m  g a i n  and  
p h a s e  m a r g i n s  were a d e q u a t e  w i t h  b o t h  s p r i n g  rates.  

An a b r u p t  maneuver  a n a l y s i s  w a s  c o n d u c t e d  on t h e  R - 6 1  

c o n f i g u r a t i o n  w i t h  t h e  1751  N / c m  ( 1 0 0 0  l b / i n . )  s p r i n g  r a t e .  
M a n e u v e r  c o n d i t i o n s  w h i c h  c r e a t e  l a r g e  s t o r e  o n l y  p i t c h  
moments  were s e l e c t e d  f o r  e v a l u a t i o n  on t h e  d e c o u p l e r  p y l o n .  

27 



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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RECOMMENDAT IONS 

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 limited amplitude flutter inside 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 lb/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 load. 
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TABLE 2.- NATURAL FREQUENCIES FOR CANTILEVERED PYLON AND GBU-8 STORE. 

3 . 6  

5 . 5  

MODE 

FIRST STORE PITCH 

SECOND STORE PITCH 

*STORE LATERAL 

STORE YAW 

3 . 6 6 7  

5 . 4 9 4  

NATURAL FREQUENCY - HZ 
GROUND TEST FINITE ELEMENT 

5.7 5 . 2 2 3  

6 . 7  6 . 6 4 4  I 
* THERE I S  SOME YAW MOTION COUPLED I N  THE LATERAL MODE. 

TABLE 3.- COMPLETE AIRPLANE PREDICTED SYMMETRIC MODE FREQUENCIES - 
GBU-8 STORE. 

WING BENDING 

GBU-8 PITCH 

GBU-8 LATERAL 

GBU-8 YAW 

T I P  M I S S I L E  PITCH 

WING TORSION 
(TIP M I S S I L E  PITCH) 

TAN? PITCH 

TANK YAW 

WING 2ND BENDING 

FUSELAGE VERT. 
BENDING 

T A M  YAW 

TUNED 
DECOUPLER PYLON 

3.694 

3.259 

5.123 

5.309 

5.955 

6.603 

7.381 

7.923 

9.980 

11.757 

14.175 

PRELIMINARY 
STIFFNESS 

DECOUPLER PYLON 
(ZERO PITCH SPRING) 

(HZ) 

3.881 

- 
- 

6.556 

6.047 

- 
6.743 

7.882 

8.796 

11.986 

14.693 

PRODUCTION PYLON 

(HZ) 

3.869 

5.343 

- 
7.409 

6.135 

- 
8.014 

7 .a43 

10.774 

11.859 

14.453 
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TABLE 4 . -  COMPLETE AIRPLANE PREDICTED ANTISYMMETRIC MODE FREQUENCIES - 
GBU-8 STORE. 

MODE 
DESCRIPTION 

GBU-8 PITCH 

GBU-8 LATERAL 

GBU-8 YAW 

TIP MISSILE PITCH 

GBU-8 YAW 

TANK PITCH 

TANK YAW 

WING BENDING 

VERT. TAIL BENDING 

TUNED 
DECOUPLER 

PYLON 
(HZ) 

3 . 2 2  

4 . 9 0  

5 . 2 1  

5 . 5 4  

6 . 2 0  

7 . 1 1  

7 . 9 8  

8 . 7 2  

11 .74  

TUNED 
DECOUPLER PYLON 

(ZERO PITCH 
SPRING) 
(HZ) 

4 . 5 8  

4 . 9 5  

5 . 5 2  

6 . 1 9  

7 . 0 8  

7 .98  

8 . 7 1  

11 .72  

PRELIMINARY 
STIFFNESS 
DECOUPLER 

PYLON 
(HZ) 

3 . 4 4  

6 . 3 9  

5 . 4 2  

8 . 1 9  

6 . 6 1  

7 . 9 8  

9 . 8 5  

11 .62  

PRODUCTION 
PYLON 
(HZ) 

5 . 1 1  

7 . 1 2  

5 . 4 2  

8 . 3 6  

7 . 8 8  

7 . 9 8  

10 .48  

11 .99  
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TABLE 7. - B-61 CONFIGURATION ANTISYM3IETRIC MODE FREQUENCIES 

DESCRIPTION 

B-61 P I T C H  

WIND BENDING 

VERT. TAIL BENDING 

B-61 YAW 

FUSELAGE LATERAL BENDING 

L A U N C H E R  PITCH 

HORIZONTAL TAIL BENDING 

VERTICAL TAIL - LAT. FUSELAGE 

WING TORSION 

36 

P R O D U C T I O N  
P Y L O N  
HZ 

9.043 

10.09 

12.30 

12.69 

14.51 

14.25 

19.05 

D E C O  UPLE R 
P Y L O N  

HZ 
K=3502 N/CM 
(2000 LB/INI 

6.11 

9.82 

12.36 

11.31 

15.48 

14.41 

19.79 

12.44 

D E C O  CPLER 
PYLON 

Z E R O  PITCH 
STIFFNESS 

HZ 

9.74 

12.38 

11.31 

15.05 

14.41 

19.73 

11.63 
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TABLE 10.- MODE FREQUENCIES OF THE MODEL B-61 STORE CONFIGURATION. 

I I FSS WINGS 

SYMMETRIC MODES 

WING BENDING 

B-61 PITCH 

B-61 YAW 

LAUNCHER PITCH 

FUSELAGE BENDING 

ANTISYMMETRIC MODES 

WING BENDING 

B-61 PITCH 

LEFT HORIZONTAL TAIL 

BOTH HORIZONTAL TAILS 

10.88 

15.52 

17.44 

19.15 

25.81 

14.62 

15.82 

17.61L 
17.2913 
17.56* 

20.97 

27.69 

ORIGINAL WINGS 
HZ 

10.91 

15.60 

17.57 

19.15 

25.87 

14.67 

15.87 

17.09L 
17.21R 
17.05* 

20.99 

28.30 

* Complete mode f o r  this frequency is shown in Appendix C. 
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Figure 3.- Flutter boundary determination with non-linear spring rate. 
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APPENDIX A 

Symmetric Modes for €3-61 on Decoupler Pylon 

This appendix contains the computed symmetric mode 
shapes for the first three frequencies with the B-61 store on 
t h e  decoupler pylon. Modes were computed for zero pitch 
stiffness as well as for 3502 N/cm (2000 lb/in.) pitch 
stiffness. 
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SYMMETRIC MODE NO. 2 
FREQrrENCY = 6.19 Hz 

SYMMETRIC MODE NO. 3 
FREQUENCY = 11.29 Hz 

Figure A1.- First three computed symmetric modes for B-61 on decoupler pylon - 
K = 3502 N/cm(2000 lb/in). 
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SYMMETRIC MODE NO. 1 
FREQUENCY = 6.02 Hz 

SYMMETRIC MODE NO. 2 
FREQUENCY = 1 1 . 2 6  Hz 

SYMMETRIC MODE NO. 3 
FREQUENCY = 11.39 Hz 

F igu re  A2.- F i r s t  t h r e e  computed symmetric modes f o r  B-61 on decoup le r  pylon - 
with ze ro  p i t c h  s t i f f n e s s .  
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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 3 5 0 2  N/cm (2000 lb/in.) pitch 
stiffness. 
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ANTISYMMETRIC MODE NO. 1 
FREQUENCY = 6.11 Hz 

ANTISYMMETRIC MODE NO. 2 
FREQUENCY = 9.82 Hz 

ANTISYMMETRIC MODE NO. 3 
FREQUENCY = 11.31 Hz 

Figure B1.- First three computed antisymmetric modes for B-61 on decoupler pylon - 
K = 3502 N/cm(2000 lb/in). 
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ANTISYMMETRIC MODE NO. 1 
FREQUENCY = 9.74 Hz 

ANTISYMMETRIC MODE NO. 2 
FREQUENCY = 11.31 Hz 

ANTISYMMETRIC MODE NO. 3 
FREQUENCY = 11.63 Hz 

Figure B 2 . -  First three computed antisymmetric modes for B-61 on decoupler pylon - 
with zero pitch stiffness. 
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APPENDIX C 

Model Ground Vibration T e s t  M o d e s  

This appendix contains measured model ground vibration 
test ( G V T )  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. 
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Figure C1.- GVT Symmetric Modes for Model with Flutter Suppression Wings 
B-61 store. 
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Figure  C1.- (Concluded) 
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Figure C2.- GVT Antisymmetric Modes for Model with Flutter Suppression Wings. 
B-61 store. 
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Figure C2.- (Concluded) 
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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 

Figure (23.- (Concluded) 

. 
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Figure C4.- GVT Antisymmetric Modes for Model 
B-61 store. 

with Original Wings 
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F i g u r e  C4.- (Concluded) 
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