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As an alternative to alleviating wing/store flutter by conventional passive methods or by more advanced active
control methods, a quasi-passive concept referred to as the decoupler pylon is investigated which combines
desirable features of both methods. Passive soft-spring/damper elements are used to decouple wing modes from
store pitch modes, and a low-power control system maintains store alignment under changing mean loads. It is
shown by analysis and wind tunnel tests that the decoupler pylon provides substantial increase in flutter speed
and makes flutter virtually insensitive to inertia and center-of-gravity location of the store.

Nomenclature Because the attachment of stores to an aircraft wing has led

b =wing semichord to substantial reductions in flutter speeds, extensive analysis,

e =store pivot location measured from leading edge of wind tunnel testing, and flight flutter testing are required to

wing assure safety from flutter.!* For flutter-critical store con-

g9 = damping of store pitch mode figurations, either the flutter speed must be raised by some

I =mass moment of inertia of store about pivot means or a flutter placard placed on the aircraft operating

M =wing mass envelope.

M, = store mass The flutter speed can be raised by conventional passive

q = flutter dynamic pressure of the wing with store methods or by more advanced methods involving active

q., =flutter dynamic pressure of the wing without store control technology. Some examples of passive methods are:

(clean wing) adding mass ballast, changing stiffness of the wing or the

r, =store radius of gyration about pivot store pylon, and relocating the wing/store attachment point.

X =store center of gravity (c.g.) location measured from Passive schemes of this kind are generally tailored for a

store pivot, positive aft specific store configuration and are not readily changed to

y = spanwise location of store measured from wing root accommodate the necessary broad range of store mass and
) = wing span inertial combinations.

wr = flutter frequency ) Active flutter suppression concepts have been the subject of

wp,  =fundamental wing bending frequency with rigidly considerable research in recent years.*$ Compared with

mounted store passive methods, active control of flutter has the advantage of

@, = fundamental wing torsion frequency : possible weight savings plus versatility to accommodate a

wp  =uncoupled store pitch frequency variety of store combinations by merely changing the control

law. With active flutter suppression, the onset of flutter is

Introduction sensed by transducers on the structure and, with appropriate

URRENT fighter/attack aircraft are required to carry a feedback control laws, used to produce forces that oppose

large variety of external stores mounted at various
locations on the wing (Fig. 1). Each store station must ac-
commodate an array of store configurations, some whose
mass and inertia properties change during flight. Thus, on a
single aircraft, there are literally thousands of possible store
loading combinations.

Presented as Paper 79-0791 at the AIAA/ASME/ASCE/AHS 20th
Structures, Structural Dynamics and Material Conference, St. Louis,
Mo., April 4-6, 1979; submitted May 14, 1979; revision received Aug.
20, 1979. This paper is declared a work of the U.S. Government and
therefore is in the public domain. Reprints of this article may be
ordered from AIAA Special Publications, 1290 Avenue of the
Americas, New York, N.Y. 10019. Order by Article No. at top of
page. Member price $2.00 each, nonmember, $3.00 each. Remittance
must accompany order.

Index categories: Aeroelasticity and Hydroelasticity; Structural
Stability; Military Missions.

*Head, Aeroelasticity Branch, Structures and Dynamics Division.
Associate Fellow AIAA.

tAero-Space Technologist. Member AIAA. e : : s :

tAssociate Research Professor. Associate Fellow ATAA. Fig.1 Wing stores carried by fighter/attack aircraft.




MARCH 1980

TORSION MODES

FREQUENCY
~ _ RIGID

BENDING MODES \\
[ - S |
I l
! |
! i

| |
FLUTTER FLUTTER
- E 2

AIRSPEED

Fig. 3 Decoupler pylon increases frequency separation of flutter-
critical modes.

flutter. In most active flutter suppression schemes,
aerodynamic control surfaces are actuated in a manner to
counteract the aerodynamic forces that produce flutter. A
major difficulty in implementing this approach comes from
the need for accurate knowledge of unsteady aerodynamic
forces produced by the control surfaces, particularly in the
transonic speed range where theoretical predictions are least
reliable and flutter concerns usually most critical. Reliability
of active control systems is another important concern.

A particular active flutter suppression concept investigated
by Triplett et al.® uses hydraulic actuators as the load-
carrying tie between wing and store. Through feedback
control, the actuators nullify dynamic loads but transmit
steady loads to the wing. By dynamically decoupling the
wing/store system in this way, the flutter mechanism and
speed revert to that of the bare wing. Unfortunately, this
potentially promising scheme for wing/store flutter control
was found to be impractical due to excessive hydraulic flow
rates required by the actuators.

The concept presented herein involves combining desirable
features of both active and passive flutter suppression
methods while at the same time avoiding some inherent
disadvantages associated with either approach if used alone.
The concept, called the decoupler pylon, features a store-
suspension pylon which dynamically decouples the wing from
pitch motions of the store. Passive soft-spring/damper
elements are used to isolate the store in pitch at the flutter
frequency while a low-power active control system maintains
store alignment under changing mean loads such as
maneuvers or drag loads. It is shown that this isolation
provides a marked increase in flutter speed and makes flutter

WING/STORE FLUTTER SUPPRESSOR 207

Fig.4 Wing/store flutter model with decoupler pylon.

virtually insensitive to variations of store inertia and center of
gravity location.

In this report the effectiveness of the decoupler pylon is
demonstrated by analysis and wind tunnel model studies, and
the results of parametric variations of some important flutter
parameters are presented.

Decoupler Pylon Concept

A schematic illustration of the decoupler pylon system
studied herein is shown in Fig. 2. The store is pivoted near the
wing elastic axis. Frequency and damping of the store pitch
mode are controlled by passive spring/dashpot elements. To
avoid large static deflections normally associated with low-
frequency suspension systems, a low-power servo control
system is used to maintain alignment of the store relative to
the wing under conditions of varying load.

The basis for decoupling wing modes from the store pitch
mode as a means to increase flutter speed may be discussed
with reference to Fig. 3. Wing bending-torsion flutter involves
coupling of at least two natural vibration modes, one or more
of which contain torsional deformations of the wing. In Fig. 3
are shown analytically predicted frequencies of two wing
modes which couple as flutter is approached. The dashed pair
of curves represent a rigidly attached store; the solid pair
represent a decoupler-pylon mounted store. In both cases
flutter occurs when the bending and torsion frequencies come
close together. Since the decoupler pylon isolates the wing
from inertia moments associated with store pitch, the wing
torsion frequency with the decoupled store is substantially
higher than that for the wing with the store rigidly attached
(being about the same as for the bare wing). The bending
frequency, however, is less than the bare wing bending
frequency in both cases. Thus, as illustrated in Fig. 3, the
decoupler pylon increases the frequency separation between
the flutter-critical modes, and, as a consequence, the flutter
speed is increased.

System Studied

General

Analyses and wind tunnel experiments were conducted to
isolate and show the influence of various parameters affecting
wing/store flutter. The parameters investigated (see Table 1
and Fig. 2) are: wy/w, , ratio of uncoupled store pitch
frequency to fundamental bending frequency of the wing with
store rigidly attached; x;, horizontal distance between store
center of gravity and pitch axis; r,, store radius of gyration
about the pivot; y, spanwise location of store on wing; e,
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Table 1 Wind tunnel model configurations and flutter characteristics
Store configuration wy ™) q/q,
(* ballast weight) X, /b (ry/b)? @ @, Experiment Theory
Rigid 1.29 0.61 0.57
LE TE _ 1.56 1.11 0.29 0.36
I Zefe— 0.010 0416 1.04 134 2.98" 4.30
0.54 2.59 1.89 1.96
O _ge Rigid 1.45 0.49 0.39
2 0325 0577 ha4 229 2.92 2.32
3 PO o I -0.413 0.692 0.89 .8 2.32 1.96
o—L1 o _ Rigid 1.15 0.23 0.17
4 0010 0684 44 263 2.32 1.98
5 Wing without store 2.1 . 1.0
2Not measured. ? No flutter.
SUPPLY I  FLOW RESTRICTORS
FLUTTER THEORY | _—_—ﬂ_un;
DYNAMIC .
DASHPOT PRESSURE, BCERIMENT| o' rurre
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Fig. 5 Experimental decoupler pylon model.

chordwise distance from the wing leading edge to the pivot
axis; M,/M, mass of store relative to mass of wing; and g,,
pitch damping of the store. k

Wind Tunnel Model

The model experiments were conducted in the Langley
Transonic Dynamics Tunnel at low subsonic speeds at at-
mospheric pressure. The model is shown mounted in the wind
tunnel test section in Fig. 4. It consists of a rectangular, aspect
ratio-5 wing that is cantilevered at the root and carries a single
store pivoted near the wing elastic axis. The wing structure is
made of a constant cross-section aluminum spar onto which
are attached lightweight balsa shells having the shape of a
12% thick symmetrical airfoil section. A splitter plate at the
wing root separates the wing from the boundary layer of the
test section wall. The store, with mass of 64% of the wing
mass, attaches to the wing at spanwise station y//=0.815. The
store pitch axis and wing elastic axis are both located at the
'30% chord station. Two movable masses housed within the
store provide a means for varying the inertia and c.g.
location.

Experimental Decoupler Pylon Model

As a simple means of mechanizing the decoupler pylon for
these wind tunnel studies, an all-pneumatic system was
devised. Pneumatic springs have an advantage over
mechanical springs in that low stiffness can be maintained
without the large static deflections usually associated with
low-frequency suspension systems. This- feature is possible
because the gas in the spring can be compressed to the
pressure required to counteract steady external loads while
retaining low stiffness necessary for vibration isolation. A
photograph of the experimental model is shown in Fig. 4, and
a schematic diagram in Fig. 5. The air springs are connected
between the wing and the store on either side of the pivot axis.
Pitch stiffness is governed by the average pressure in the air
springs and pitch alignment by the pressure difference. This
pressure difference is achieved by flapper-type valves which
allow excess pressure to vent from the air springs. Thus; when
the store pitches due to a change in external load (drag), the
vent on the side of the compressed spring is sealed by the
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Fig. 6 Effect of store pitch frequency.

flapper valve, causing a pressure buildup in that spring;
whereas, the vent on the side of the extended spring opens,
allowing pressure to escape. This pressure difference provides
the feedback mechanism needed for automatic alignment of
the store. Also indicated in Fig. S is a dashpot damper which
was used to avoid an instability that is possible with such a
feedback control system. A comprehensive treatment of the
stability of pneumatic isolators with automatic centering
control is givenin Ref. 9.

Adverse coupling between the store alignment and
wing/store flutter modes or the aircraft dynamic stability
modes is a possibility that should be examined. In the present
studies, however, such coupling was of no consequence since
the time constant of the alignment system was much greater
than the period of the flutter mode, and aircraft dynamic
stability modes were not simulated in the wind tunnel.

Analytical Model

The analytical flutter model considered was that of a
uniform cantilevered wing with a pivoted, sprung mass at-
tached at arbitrary spanwise and chordwise locations. The
equations for flutter were developed in terms of uncoupled
vibration modes. Specifically, eight degrees of freedom were
considered: four uncoupled uniform beam bending modes,
three uncoupled uniform beam torsion modes, and store
pitch. Unsteady aerodynamic forces on the wing were
represented by two-dimensional incompressible flow theory,
and aerodynamic forces on the store were neglected. The
decoupler pylon was modeled as a simple linear spring since,
as stated earlier, there was negligible coupling between flutter
modes and the store alignment control system.

Flutter Studies
General
Flutter characteristics of the wing/store system as deter-
mined from wind tunnel tests and analysis are presented and
discussed in the following sections of this paper. In Figs. 6-11,
the onset of flutter, as a function of various parameters, is
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presented as the ratio g/q,,, where g is the flutter dynamic
pressure of the wing/store system and g,, the flutter dynamic FLUTTER 3
pressure of the clean wing. To minimize the risk of model DYNAMIC \—DECOUPLER PYLON
damage, flutter onset conditions were estimated by a sub- PRESSURE,
critical flutter testing technique called the peak-hold spectrum T‘L 2
method. ¢ w

Experimental flutter data were obtained for a total of four
combinations of store inertia and c.g. location, using various
levels of pitch spring stiffness. The model parameters that
were varied, together with the measured and predicted flutter
dynamic pressure for each configuration, are presented in
Table 1.

Influence of Various Parameters on Wing/Store Flutter

Store Pitch Frequency

One of the basic parameters in this study is the uncoupled
store pitch frequency. Shown in Fig. 6 is the variation of
flutter dynamic pressure ratio g/q, with store pitch/wing
bending frequency ratio wy/w, , for store configuration 1 (see
Table 1). This plot may be discussed in terms of three regions
of pylon stiffness: stiff (w,/w, =<1.5), tuned
0.7<wy/w, <1.5), and soft (w,/w,, <0.7). In the *stiff*
region, which is representative of current design practice, it is
seen that flutter always occurs at a dynamic pressure below
that for the clean wing, i.e., g/q, <1 (the rigid pylon case
being about 60% of the clean wing flutter dynamic pressure).
From trends shown in Fig. 6, it might appear desirable to
select a pylon stiffness corresponding to the ‘‘tuned pylon”’

/-RIGID PYLON

: i | ] J
4 .8 L2 L6 2.0

STORE MASS/WING MASS
Fig. 11 Effect of store mass.

region because there flutter speed is highest. Flutter speed,
however, is not the only factor to be considered. An equally
important consideration is the sensitivity of flutter to changes
in store inertia and c.g. location. Whereas in the ‘‘tuned
pylon’’ region it can be shown that flutter is sensitive to store
inertia and c.g. location, in the ‘‘soft’’ (decoupler pylon)
region these parameters have little influence on flutter and the
flutter speed remains well above that for the wing with no
store at all.

The remainder of this study will deal with the soft pylon
case. Specifically, in all subsequent cases where other
parameters are varied, the pylon stiffness is held constant at
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the value corresponding to the experimental point at
wp/wy, =0.54in Fig. 6 and Table 1.

Center-of-Gravity Location

To study the effects of store c.g. location x,/b the position
of ballast in the store was varied, keeping the store mass and
pylon stiffness constant. Measured and predicted flutter
boundaries for the rigid-mounted store and the decoupler-
pylon mounted store are presented in Fig. 7.

For the decoupler-pylon case, analysis predicted two flutter
modes: a wing mode, which involved coupling between wing
bending and wing torsion modes, and a pylon mode, which
occurred for aft c.g. locations only at approximately the
frequency of store pitch. Only wing-mode flutter was ob-
served in the wind tunnel experiments. Over the rather broad
range of store c.g. travel presented in Fig. 7, the flutter
dynamic pressure for the decoupler pylon was always at least
1.5 times greater than that for the wing without store. For the
rigid pylon case with the c.g. aft, flutter occurs at a dynamic
pressure about one-half that for the clean wing case, but,
when the c.g. is moved forward of x,/b= —0.1, flutter no
longer exists.

As stated before, the analytically predicted pylon flutter
mode for aft c.g. locations was not observed in the wind
tunnel model studies. The reason may have been due to
structural damping of the store pitch mode. Analytical results
shown in Fig. 8 indicate that store pitch damping has a strong
stabilizing influence on flutter of the pylon mode but does not
affect wing flutter. The store pitch damping measured on the
model was approximately g, =0.23.

Radius of Gyration

The store radius of gyration about the pivot was varied by
changing the separation distance between two ballast weights
in the model store (see Table 1). Results for this case are
presented in Fig. 9. Again the decoupler pylon increases the
flutter dynamic pressure and flutter becomes insensitive to
variations in store radius of gyration. This insensitivity to
variations in store c.g. and inertia properties can greatly
simplify and reduce analysis and testing required to flutter-
clear aircraft that must carry a large variety of store con-
figurations.

Pivot Location

Analytical prediction of flutter trends as a function of the
chordwise location of the store point pivot, e/2b, are
presented in Fig. 10. Since changing the pivot location is
equivalent to changing the chordwise location of a mass
attached to the wing, similar trends are shown for both the
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Fig. 12 Effect of spanwise store location.
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rigid pylon and the decoupler pylon. In fact, the rigid pylon
case in Fig. 10 is basically the same as that presented in Fig. 7.
The difference between the two flutter boundaries in Fig. 10
can be attributed to differences in the effective store pitch
inertia experienced by the wing in the two cases. The
decoupler pylon case has a lower effective inertia and a higher
flutter dynamic pressure than the rigid pylon case.

Store Mass

The effect of varying store mass relative to wing mass was
also studied analytically, and the results for store con-
figuration 1 are shown in Fig. 11. Note that with increasing
store mass the flutter dynamic pressure for the rigid pylon is
reduced, becoming constant at about one-half the clean-wing
value. On the other hand, trends predicted for the decoupler
pylon show that the addition of store mass has a strong
favorable influence on flutter. For example, a store with twice
the mass of the wing raises the bare-wing flutter dynamic
pressure by a factor of 4.

Spanwise Store Location

As in the two preceding examples, analysis alone was used
to predict the effect of change in another parameter which
was not varied in the experiments, namely spanwise store
location y/I for configuration 1. Results presented in Fig. 12
show that flutter speed is degraded for all spanwise locations
of the rigid pylon, the worst being at y//=0.6. In contrast, the
flutter speed for the decoupler pylon increases continuously as
the store is moved toward the wing tip.

Other Considerations

Points not addressed in the present study but which could
become important considerations in flight applications of the
decoupler pylon - concept are: pylon strength; static
divergence; transient loads and response such as gusts,
maneuvers, and weapons release; and dynamic coupling
between the low-frequency pylon mode and airplane flight
control system.

Apart from wings/store flutter alleviation, the decoupler
pylon might also alleviate problems in other areas. For
example, the soft pylon suspension system would act to isolate
the store from shock and vibration loads and the automatic
alignment control could be used to compensate for weapon
aiming errors due to aeroelastic twist of the wing in high-g
maneuvers.

Conclusions

A simple and effective concept for suppressing wing/store
flutter by means of a store suspension system that decouples
wing modes from the effects of store pitch inertia is in-
vestigated. A cantilevered rectangular wing with a single store
was used as a basis for exploratory wind tunnel and analytical
studies. Basic conclusions from the study are:

1) For all cases studied the flutter speed of the wing with the
decoupler-pylon-mounted store was higher than the flutter
speed of the wing without a store.

2) In addition to increasing the flutter speed, the decoupler
pylon made flutter relatively insensitive to inertia and c.g.
location of the store. This feature can greatly simplify and
reduce the analysis and testing required to flutter-clear air-
craft that must carry a large variety of stores.

3) Wing/store decoupling and the attendant flutter speed
increase occurred when the uncoupled store pitch frequency
was less than approximately 0.7 times the fundamental
bending frequency of the wing with the store rigidly attached.

4) Flutter trends predicted using incompressible two-
dimensional aerodynamic theory generally agreed well with
those observed in the wind tunnel model experiments.



MARCH 1980

References

'Mykytow, Walter J., ‘“‘Recent Analysis Methods for Wing-Store
Flutter,”” Specialist Meeting on Wing-with-Stores Flutter, AGARD
CP-162, April 1962.

2Foughner, J.T., Jr., and Bensinger, C.T., ‘“‘F-16 Flutter Model
Studies External Wing Stores,”” NASA TM-74078, Oct. 1977.

3Katz, Henry, ‘Flutter of Aircraft with External Stores,”
Proceedings of Aircraft Stores Symposium, sponsored by Armament
Development and Test Center, Eglin Air Force Base, Fla., Vol. Il
Nov. 19-21, 1969.

4Sandford, M.C., Abel, 1., and Gray, D.L., “Development and
Demonstration of a Flutter Suppression System Using Active Con-

WING/STORE FLUTTER SUPPRESSOR 211

“Demonstration of Aircraft Wing/Store Flutter Suppression
Systems,” Considerations on Wing Stores Flutter, AGARD Rept.
668, July 1978.

¢ Triplett, W.E., Kappus, H.P.F., and Landy R.J., “Active Flutter
Suppression Systems for Military Aircraft—A Feasibility Study,”
AFFDL-TR-72-116, Feb. 1973.

"Nissim, E., ‘“‘Flutter Suppression Using Active Controls Based on
the Concept of Aerodynamic Energy,”” NASA TN D-6199, 1971.

8Honlinger, H., ‘“Active Flutter Suppression on an Airplane with
Wing-Mounted External Stores,”” Structural Aspects of Active
Controls, AGARD CP-228, Aug. 1977.

9Cavanaugh, R.D., “Air Suspension and Servo-Controlled
Isolation Systems,”” Shock and Vibration Handbook, Harris and

trols,”” NASA TR R-450, Dec. 1975.

SHwang, C., Winther, B.A., Noll, T.E., and Farmer, M.G., McGraw-Hill, New York, 1961.

From the AIAA Progress in Astronautics and Aeronautics Series..

OUTER PLANET ENTRY HEATING
AND THERMAL PROTECTION—v. 64

THERMOPHYSICS
AND THERMAL CONTROL—v. 65

Edited by Raymond Viskanta, Purdue University

The growing need for the solution of complex technological problems involving the generation of heat and its absorption,
and the transport of heat energy by various modes, has brought together the basic sciences of thermodynamics and energy
transfer to form the modern science of thermophysics.

Thermophysics is characterized also by the exactness with which solutions are demanded, especially in the apphcatlon to
temperature control of spacecraft during long flights and to the questions of survival of re-entry bodies upon entering the
atmosphere of Earth or one of the other planets.

More recently, the body of knowledge we call thermophysics has been applied to problems of resource planning by means
of remote detection techniques, to the solving of problems of air and water pollution, and to the urgent problems of finding
and assuring new sources of energy to supplement our conventional supplies.

Physical scientists concerned with thermodynamics and energy transport processes, with radiation emission and ab-
sorption, and with the dynamics of these processes as well as steady states, will find much in these volumes which affects
their specialties; and research and development engineers involved in spacecraft design, tracking of pollutants, finding new
energy supplies, etc., will find detailed expositions of modern developments in these volumes which may be applicable to
their projects.

Volume 64—404 pp., 6 X 9, illus., $20.00 Mem., 335.00 List
Volume 65—447 pp., 6 X9, illus., $20.00 Mem., $35.00 List
Set— (Volumes 64 and 65) $40.00 Mem., 355.00 List

TO ORDER WRITE: Publications Dept., AlAA, 1290 Avenue of the Americas. New York, N.Y. 10019

Crede, eds., Vol. 2, Data Analysis, Testing and Methods of Controls,




