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M. W. Kehoet

NASA Ames-Dryden Flight Research Facility
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Abstract

The decoupler pylon is a NASA concept of
passive wing-store flutter suppression achieved
_ by providing a low store-pylon pitcih frequency.
Flight tests were performed on an F-16 airplane
carrying on each wing an AIM-9J wingtip missile,
a GBU-3 bomb near midspan, and an external fuel
tank. GBaseline flights with the GBU-8 mounted
on a standard pylon established that this con-
fiquration is characterized by an antisymmetric
limited amplitude flutter oscillation within the
operational envelope. The airplane was then
flown with the G3U-8 mounted on the decoupler
pylon. The decoupler pylon successfully sup-
pressed wing-store flutter throughout the flight
envelope. A 37-percent increase in flutter
velocity over the standard pylon was
denonstrated. Maneuvers with load factors to 49
ware performed. Although the static store
displacements during maneuvers were not suffi-
ciently large to he of concern, a store pitch
alignment system vas tested and perforaed
successfully. One GBU-§ was ejected demonstra-
ting that weapon separation fron the decoupler
pylon is normal. Experience with the present
decoupler pylon design indicatea that friction
in the pivoting mechanism could affect its
proper functioning as a flutter suppressor.

Introduction

To satisfy wnultimission requirements,
modern fighter aircraft carry many types and
combinations of external stores pylon-mounted
from the wing. The carriage of these stores can
tower the wing flutter speed to within the oper-
ational flight envelope of the aircraft, thus
reducing the operational and nission capabili-
ties of the airplane. Conventional passive
means that have been used previously for raising
the flutter speed include changing the stiffness
of the wino or the store pylon, adding mass
vballast, and relocating the stores. The
decoupler pylon, the subject of this paper, is a
new passive systen which has been shown in
exploratory studies to be effective in suppress-
ing wing-store flutter instabilities. The
decoupler pylon dynanically isolates (or
"decouples") the wing from store pitch inertia
effects hy providing a louw store pitch
frequency. This could be accomplished, for
exanple, by suspending the store from a pivot
that allows the store to rotate in pitch but
with the store pitch notion restrained hy a soft
spring and damper (ref. 1). An alignment systen
can be incorporated to minimize static pitch
deflections of the store due to maneuvers and
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aerodynamic loads. Analyses and wind-tunnel
tests of YF-17 and F-16 flutter models with
stores mounted on early decoupler pylon designs
have shown increases in velocities in excess of
40 percent without encountering flutter over
stores mounted on standard pylons (ref. 2}.

Based on the encouraging results of these
analyses and tests, a program was initiated to
design, build, and flight test a decoupler pylon
(ref. 3). The confiquration selected to be
tested consisted of the following on each wing
of an F-16 airplane: AIHM-9J wingtip missile, a
GBU-8 bomb near midspan, and a one-half full
370-gallon fuel tank inboard. This configura-
tion exhibits well-defined, limited amplitude,
antisymmetric flutter when the GBU-& bomb 1is
carried on a standard F-16 pylon. Analyses and
wind-tunnel tests indicated that mounting the
GBU-8 stores on decoupler pylons in place of the
standard pylons would appreciably increase the
flutter speed of this configuration. The
present program was to demonstrate the practi-
cality of the decoupler pylon as a flight-worthy
flutter suppression systean.

The objectives of the flight tests of the
decoupler pylon were: (1) to demonstrate an
improvement in ‘flutter speed of at least 3V
percent over the standard pylon flutter
bounaary, () to assess the regquireswent for and
the performnance of the alignment system, and (3)
td dJemonstrate that store separation fron the
decoupler pylon was normal. These objectives
were to de accoaplished by first flying baseline
flignts ith the stores mounted on standard
pylons. In these tests, the Dhaseline flutter
boundary was to be weasured and the characteris-
tics of the flutter oscillation were to be
determined in straight and level and maneuvering
flight, with excitation provided by natural
atmospharic turbulence or the airplane control
system. After these flights, the GBU-3 was to
be mounted on the decoupler pylon and the flight
test conditions repeated.

A pair of flight-worthy decoupler pylons
was designed, fabricated, and ground tested by
ueneral Uynamics under contract to ~ASA {ref. 4,
5). The ground structural tests performed on
these decoupler pylons revealed that the pylons
were binding because of friction in the pylon
pivots. These decoupler pylons were flown on
two flights and then modified to reduce this
friction. The flight tests were continued and
coapleted with these modified decoupler pylons.

This report presents saaple results from
the baseline flights, the flights with the
initial decoupler pylon, and the flights with
the wmodifieu decoupler pylon. The results of
prepatory work performed for the flight tests,
including airplane ground vibration tests and
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pylon structural tests, are docuniented in
raeference 6-9. The flight tests were conductea
as a Jjoint effort by the Ames-Dryden Flight
Research Facility and the Langley Research
Center on an F-16 from the Joint Test Force at
Edwards Air Force Base, California. NASA and
Air Force pilots alternated on the test
flights. General Dynamics Corporation provided
technical assistance.

Test Configuration

F-16 Airplane

Flight Configuration.- The F-16 with the
flight test stores configuration is shown in
flight over Edwards Air Force Base in Figure 1.
On each wing are wounted an Alil-9J nissile on a
wingtip launcher rail, a GBU-8 store (2250 1lbm.
juided bomb) on a pylon near the wing midspan,
and a 370 gallon fuel tank on a pylon at the
iapoard wing station. The fuel tank has three
compartments., For the flutter flight tests, the
forward and aft compartiments were full of fuel
and the center bay was einpty. The test aircraft
was the Full scale Develosment F-16A which was
instrunented for flutter and loads testing.
This F-16 was equipped with an analog fly-by-
wire control system.

txcitation System.- An on-hboard excitation
systen was installed to interface with the con-
trol systen and to provide repeatable excitation
for the flutter testing. A control panel was
installed in the cockpit to allow the pilot to
select and control the on-board excitation
systen. This system aqenerated sinusoidal
commands to the flaperon servo anplifiers for
flaperon oscillation which were sumied with the
pilot stick commands. lising the control panel,
the pilot could command and regulate: (1) system
start and stop, (2) symretric or antisymmetric
excitation, (3) frequency sweep or a constant
frequency dwell (nerezia called a "burst"), (4)
excitation frequency, (5) excitation anplitude,
and (6) frequency s.eep rate or burst duration.
The excitation amplitude could be varied from
zero to t one degree of flaperon wmoveaent.
Sweep and burst frequencies ranged from 2 Hz to
20 He.

Instrumentation.- The location and types of
instrusentation on the airplane are shown in
Figure 2, Tne flutter instrinentation consisted
of accelerometers on the fuel tanks, GBU-8,
4ingtip launchers, horizontal tail and vertical
tail. In addition, position indicators were
located on the control surfaces. Aircraft
airspeed, altitude, angle-of-attack and sideslip
were weasured from nose Hoon sensors (see Figure
1). Aircraft accelerations, rates, attitudes,
fuel quantities, and control forces also were
measured. For the store separation test, high-
speed motion picture cameras were ianstalled in
the fuselage and in a special ~ingtip missile.

Decoupler Pylon

vesign Details.- The decoupler pylon is
illustrated in Figure 3. It consists of an
upper section which is attachea to the wing, and
a movable lower section to which the store is

attached. Connecting the two pylon sections are
a two-link pitch pivoting mechanism, a leaf
spring and danper, and a pitch alignment
system. The two-link onivoting arrangement was
unique to this General Dynamics design. Recause
of the two-link pivoting arrangement, the
decounler pylon could he huilt within the same
mold Yines of the standard pylon and, more
importantly, the power reauirements for the
alignment system were easily satisfied. The
latter results because the two-link pivoting
mechanism has a virtual or remote nitch pivot at
the 6GBU-8 center-of-gravity, thus, the store
pitch loads due to maneuvers and aerodynamic
drag are reduced from those obtained using a
single pivot design. Each of the two links was
pianed at the upper and lower joint. Attached
to the Tlower onylon section was a standard
ifAU-12-C/A rack that was used for nounting and
ejecting stores. The leaf spring stiffness was
selected to lower the pylon pitch mode frequency
as much as possible within practical strength
Timits in order to attain the maximum predicted
inprovement in flutter speed.

Initial Uecoupler Pylon.- The initial
decoupTer pylon Tinks employed pin-bushing
joints. Ground tests performed on these pylons
iadicated that high pitching wowents were
required to overcome the break-out friction in
tne pivot joints. The friction was attributed
to an adverse buildup of alignment tolerances in
the hole centers that occurred when drilling
separately the opposite sides of the clevis in
the upper pylon part; consequently, the holes

» were slightly misaligned and some pin binding

resulted. This affect was further amplified by
the two-link design because as the store rotates
in piten snall amounts of non-parallelism in the
pin holes can cause additional binding. Refer-
ence 5 details several steps taken to reduce
friction including modifying the damper and
using slightly undersized pins. To further
reduce total friction, the viscous fluid in the
daumper was rewoved for flight. As  flight
tested, the pylons required an average break-out
pitching nouent of 4713 in-1h to overcome the
friction in the pivots. Some lateral freeplay
Wwas introduced in the joints as a result of
using the undersized pins.

Table 1 lists the frequencies of interest
measured in the ground vibration test performed
on the aircraft prior to first flight with the
initial decoupler pylons (ref.6). The GBU-B
pylon pitch mode frequency was neasured at 3.92
He antisymmetrically and 4.08 Iz symmetrically.
This inode is below the antisymaetric tip missile
pitch wode frequency. By cowmparison, the GBU-8
nitch mode frequency on the standard pylon is
5.13  Hz  antisymmetrically and 5.35 Hz
symaetrically.

ilodified Decoupler Pylon.- The modification
to tne decoupler pylon consisted of replacing
the link bushings with a coabination of avail-
able oft-the-shelf aircraft quality roller and
thrust bearings (ref. 7). The coriginal pins
ware pressed out and replaced with pins with a
stepped down diaileter at the ends to accouwodate
the bearings. The modification reduced the
pylon break-out pitch friction and essentially
eliminated lateral freeplay. Freeplay measured
at the nose of the GBU-§ was .005 in. for the




left pylon and .008 in. for the rigit pylon.
The corresponding values for the initial
decoupler pylon were .120 in., and .140 in.
respectively. This pylon still required an

average pitching moment of 2620 in-1b to wmove-

the pylons in pitch. The modification reduced
the load carrying capability of the pylon due to
the reduced dianeter of the pins.

ieasured airplane frequencies with the
modified decoupler pylon are included in Table
I. The GBU-8 pylon pitch mode frequency was
measured now at 3.29 He antisymmetrically and
3.31 He symmetrically. A second rode, which
.also involved 1large BU-8 pitch wmotion, was
found at 4.30 Hz antisymmetrically and 4.24 hz
symietrically. This niode swas identified as the
pylon strongback vertical bending mode. (The
strongback is the major structural wmewmber of the
upper part of the pylon). In these measurenents
the excitation was sufficient to overcoue the
oreak-out friction of the pivots and there was
some pivoting at the link joints. Each of these
wodes 1is below the antisymmsetric tip missile
pitch wode tfrequency.

Alignment System.- The decoupler pylon was
physically Timited to a 3 degree store pitch
travel froi the noninal, centerad position. The
aligment system was designed to maintain the
store in a noninally aligned static position.
The aligmient system consisted of an electric
arive notor with a gear box, a drive jack screw,
on-off centering switches, and travel limit
switches. Electrical power was controllad from
the cockpit so that the pilot could enable or
disable the systea as desired. With the system
enabled, the drive motor was activated by the
centering switch when the store becawe misalign-
ed from its centered position by approximately
+{}.5 degrees. When activated, the wotor drove
the jack screw «hich was attacned to the aft end
of the leaf spring to return the store pitch
anjle to within a £.25 degree deadband about the
centered position, as sensed by the centering
switch. The alignaent system on each pylon
operated  iadependently. In case of a
mal function, limit switches deactivated the
wotor prior to contacting the physical limits.

Instrunientation.- The decoupler pylons ere
instrumented to provide information on the func-
tioning of the pyloa. Straia  gajges were
iastalled on the pitch springs, and a position
irdicator aeasured the r2lative pitch deflection
between the upper and lower part of the pylon.
The position of the aft end of the springs was
derived fromn these two measurerients. The limit
suitches of the alignment system were placed at
the up and down travel Tinits of the spring.
When the aft end of the spring reached a linit,
these switches disabled the alignment system and
illuninated a light in the cockpit.

Test Procedure

Envelope Expansion

An  envelope expansion  procedure  was
followed in the flight tests of each pylon
configuration. The test conditions were arrang-
ed in order of increasing #ach number and,
consequently, dynanic pressure at each
altitude. For all configurations, the Hach

nunber envelope was completely covered at the
10,000 feet altitude before starting the tests
at 5,000 feet altitude. Throughout the flight
test, the output signals from the instrumenta-
tion were telemetered to the Ames-Dryden
Structural Analysis Facility for display on
stripcharts and for analysis by dedicated spec-
tral analycers. Power spectra were calculated
and analyzed to provide frequency and damping
information in near real time. In addition, the
peak amplitude of each critical mode was
moaitored as a function of airspeed. This
information was used to determinz if it was safe
for the aircraft to proceed to the next test
condition. More details on the specific
procedures are given in the following sections.

Test Conditions

Figure 4 gives the noainal test conditions
which were flown with the standard pylon, the
initial decoupler pylon, and the modified
decoupler pylon. Flights to establish baseline
data with the GbU-% on the standard pylon were
flown at an altitude of 10,000 feet up to 0.95
iach number and at 5,000 feet up to 0.90 Mach
number.  Maneuvering test points were at 0.8
dach nuaber at each altitude.

Test flights with the GBU-3 on the initial
decoupler pylon were made up to 0.90 ilach number
at 10,00y feet. wo manzuvering flights were
flown because of the decision to modify the
aylon.

The wmouvified decoupler pylon was testad
over the same range of test conditions as the
standara pylon. laneuvering test points were
flown at the nigher altitude at 0.60, 0.80, and
J.90 hach nuabers. The store-ejection desmon-
stration test was conaucted at a !lach number of
J.s0 and an altitude of 7,500 feet.

Straight and Level Flight

For the standard pylon, the aircraft was
stabilized at cach test point for approximataly
30 seconds while data were being acquired.
After analysis of the data, the pilot excited
the structure with pilaot induced pitch, yaw, and
roll stick rags. Following these pulses, the
onboard excitation system was used to comaand a
three second antisynmetric  burst of the
flaperons at the frequency of the limited ampli-
tude oscillatioa, 5.1 Hz. The anplitude of the
flaperons was £0.5 deyrees. 1In addition, at the
0.4 tach number point at each altitude a fra-
quency sweep was performed from 20 Hz down to 2
nz in 35 seconds with a flaperon amplitude of
t0.5 degrees.

Ffor the decoupler pylon flights, the air-
craft .as stabiliced on test condition for GO
seconds of atmospheric turbulence excitation.
Following analysis of thesa data, frequency
sq4eeps and bursts at specified frequencies were
made for amplitudes of the flaperon up to tl
degree. The sweep time was again 35 seconds to
sweep from ¢0 #z to 2 Wz. FEach burst duration
was 3 seconds.



Maneuvering Flight

Wind-up turns to 4g were performed with the
standard pylon to document the flutter oscilla-
tion characteristics under the effect of
elevated load factors. These and additional
maneuvars gere performed on  the modified
decoupler pylon. The additional naneuvers were
abrupt pullups, nushovers to 0Og, rudder kicks,
and steady side slips. The rolling maneuvers
which had been planned for the prooram were
eliminated due to a reduced load carrying capa-
dility of the modified pins. The on-hsard
excitation system was not used during maneuvers.

Alignnent System Flight

After the straight and level and maneuver-
ing flight testing of the modified decoupler
pylon was accomplished ~ith the alioament system
disabled, the system was activated. Slow
straight and level accelerations out to the
limits of tha2 flight envelope were floun first,
f2l1lowed by maneuvers at the prescribed test
points. The onhoard excitation system was not
used during these tests.

GBU-8 Store Separation Flight

for the GBY-§ separation flight, the air-
craft ~as configured with the GBU-8 mouated on
the right modified decoupler pylon, an unloaded
decouplzr pylon on the left wing, and AIH-9J
nissiles on each wingtip. The right dummy AIM-9
carried high-speed movie cameras to make a
visual record of the store ejection sequence.
The stor2 was ejected from a straight and level
flight attitude.

vata Analysis

Frequency and dawmping estimates were made
from the random atmospheric excitation data,
frequeacy burst data, and freauency sween data.
Analyses on selected telemetered data were made
at each test condition using a mini-computer
hased Fourier anmalvzer. The freauency and
daqmaing estimates were reduced mainly using the
nower snectra as discussed later. Although
similar estimates were atteunted using transfer
function analysis of the frequency sueeps, the
results are not presented because there was
insufficient excitation of the low frequency
structural modes to obtain reliable data hy this
method, After each flight, iore extensive
analyses  were  conducted using the same
procedures on signals which enhanced the
sysmetric and antisyrmetric nodes. For exaaple,
symnetric modes are emphasized when the signals
from the right and left wingtip acceleroreter
are summed, and antisymmetric modes are
emphasized when the two siqnals are differenced.

Power spectra analysis

Figure 5 illustrates the power spectral
analysis procedure, A sampling rate of 50
saiples per second and a frame size of 512
samples were used on the Fourier analyzer.
Approxinataly 60 seconds of data were ensemdble
averaged in determing the power spectra, Figure

5(a). A rectangular bypass filter was then used
to isolate each mode of interest and the inverse
Fourier transform of the resultant power
spectrun performed to produce the auto-
correlation function, Fiqure 5(b). At this
noint, the operator could select a cutoff time
beyond which zeros were inserted to remove any
noise tail., The auto-correlation function was
typically multiplied by an exponential function
to smooth the signal. The exponential function
was equal to unity at zero seconds and had a
residual value of .02 at the cutoff time. The
resultant smoothed auto-correlation function is
shown in Figure 5(c). A Fourier transform of
this function produced the smoothed power
spectrum, Figure 5(d). Each mode in the
smoothed power spectrum was fit with a least
squared error parabolic curve. The resonant
frequency was defined from the maximum amplitude
of the curve fit., The daaping was obtained
using the half power technique as illustrated in
the Figure 5(d). The damping value was then
adjusted to renove the contribution of the
exponential smoothing function.

Frequency burst analysis

The duration of each frequency burst was

- three seconds. The data were acquired using the

sane frane sice and saimpling rate as for the
power spectra. The beginning time in the data
frane was aujusted to correspond to the end of
the flaperon excitation to capture the decay
portion of the response after the excitation
enged. This digiticed time history was then
saoothed by wusing the exponential function.
Frequency and damping estimates were then
obtained in a manner similar to that for power
spectra.

Results and Discussion

Standard Pylon Flights

The F-1b configured with standard nylons
was tested first at 10,000 feet altitude. At
Mach nunbers above 0,70, this configuration
experienced an antisymaetric 5.1 Hz limited
anplitude flutter oscillation. The flight
determined flutter boundary 1is shown on Figure
4. Figure 6 is a strip chart record of the
flaperon position and several wingtip and GBU-8
acceleromneter channels at a Mach number of
0.90. The figure shows a sanple time history of
the oscillation amplitude 1levels 1in ambient
air, followed by a forced excitation (control
system burst), and the subsequent return to
ambient conditions. In ambient air turbulence,
the oscillation is evident on the accelerometer
responses and involves predominantly pylon pitch
and tip missile pitch with some wing bending
inotions. Damping is zero. Pilots described the
oscillation as a continual noundinyg oscillation
which was of sufficient awplitude to cause
visual dlurring of the cockpit displays. Analy-
3is haa indicated that this flutter resulted
frum a coalescing of the pylon pitch wode with
the tip wissile pitch iode.

At each test point, the structure was exci-
ted antisymmetrically with a 5.1 Hz burst using
the on-board excitation system, as indicated in




Figure 6. The result was to iacrease the ampli-
tude of the oscillation. Upon termination of
the forced excitation, the oscillation would
decay to the amplitude that existed before the
excitation commenced. Thus, the flutter phenom-
ena exhibits nonlinear behavior with damping
being a function of amplitude.

Fiqura 7 compares the forced and unforced
(ambient air) nscillation amplitude of a wingtip
and a GRU-8 normal (vertical) accelerometer as a
function of Mach nunher, At 10,000 ft.
altitude, the flutter oscillation starts at
1= 0,70 and the oscillation amplitude increases
with increasing Hach number (M), reaching a
maximum at apnroximately N = 0.93, and then
decreases with Mach nunber to M = 0.96, the
maxinum test value. A%t 5,000 feet altitude, the
flutter starts at ilach number 0.78, and the
oscillation amplitude increases with Mach number
to the maximun Hach nunber tested, M = 0,91,
The initiation of the oscillation at this parti-
cular Hach numher at 5000 ft. altitude was an
unexpected result because early Air Force tests
(results unpublished) had indicated that the
oscillation would begin at a lower ilach number.
The reason for this disagreement is not %nown.
However, it was obsarved that the present flight
tast at 10,0C0 feet was performed in smooth air
while the flight at 5,000 feet, on a different
day, was nerforned in 1iaht turbulence. Another
difference noted was that turbulence tended to
nerturh the oscillatinn so that the oscillation
«3s not as regular at 5,000 feet as it had been
at 10,0060 feet. For this reason, the results
#nich follow are nainly for at the 10,000 feet
test conditions.

The wind-up turns to a load factor of 4g
that were perforined at 0.5 Mach number at both
altitudes indicated that the anplitude of the
oscillation increased with increasing load
factor. The amplitude at 4g was anproximately
twice the amplitude of the oscillation at lg
(straight and Yevel flight).

Initial Decoupler Pylon

The standard pylons for the GBU-8 store
wera replaced by the initial decounlaer pylons.
Flight tests of this conficuration were nade at
dach numhers up to 9,90 at the 10,000 ft,
altitude only. The limited amplitude flutter
ascillation that occurred sith the standard
pylons was suppressed by the initial decoupler
pylons throughant the flight envelope tested.

Although flutter was sunpressed, the oylon
pitch motions during flight were affected by the
friction in the pylon link nivots. The primary
frequency on the GBY-8 normal accelerometer was
4.8 Hz tn 5.0 Hz under atmosnhheric turbulence
excitation, This frequency was identified as
that of the pylon stronnback bendina mode, with
1ittle if any pitching of the pylon ahout its
nivots. For forced excitation using the cantrol
system, the frequency of maxinum response was
from 4.4 He to 4.7 iz, and sume limited pitching
of the pylon about its pivots was observed. The
flutter suppression was attributed to the fact
that the initial decoupler pylon was wmore flexi-
bla in  pitch than the standard pylon.
Consequently, the frequency of the store pitch

mode was lower ana more frequency separation
from the tip missile pitch mode frequency was
provided than with the standard pylon.

Figure 8 is a power spectral density (PSD)
presentation of the left launcher forward accel-
eroneter response at the 0.90 Mach number and
10,000 feet condition. Response peaks at
several frequencies are indicated in the range
from 3.5 Hz to 6.0 Hz for the decoupler pylon
(Fig. n(a)), whereas the standard pylon PSD has
a single strong peak at about 5.1 Hz (Fig.8(b)),
«hich was the frequency of the limited amplitude
flutter. A1l peak PSD response Tlevels are
yreatly lower for the decoupler pylon, due to
the flutter suppression of the decoupler pylon.
The root mean square acceleration calculated
from each PSD over the .1 Hz to 25 Hz range is
0.67g for the standard pylon but only 0.08g for
the decoupler pylon.

Presented in Figure 9 are the variations in
frequency and damping with Mach number for three
dgifferent modes weasured during the tests of the
initial  decoupler pylon at 10,000 feet
altitude. The modes are the antisymnetric tip
@issile pitch node, the pylon stronghack mode,
and the antisymmetric first wing bending mode.
Structural danping coefficient, g, values are
plotted. A1l wodes are well damped. (The tip
missile pitch wmode for the standara pylon has
zero damping above 0.70 Mach number). There is
an indicated trend of decreasing stability
(damping) 1in the pylon strongback mode with
increasing ilach nuwher, but the damping values
are still considered more than adequate for
flignt safety. The characteristics of the
decoupler pylon odes above 0.90 lach number
were not Jdetermined due to the decision to
moaify the pylon.

The damping and frequency variations with
“acn nunber of the pylon pitch wmode for a forced
burst excitation are given in Figure 10 for the
left and right decoupler pylon. The data indi-

LA wind tunnel test was conducted, prior to
flignt, to investigate the effect of friction on
the effectiveness of the decoupler pylon to
suppress flutter. 1In this test, documented in
reference 9, the decoupler pylon had a geometri-
cally scaled two-link design with low friction
nivots, a dynamically scaled leaf spring, and an
air damper. The upper and lower portions of the
pylon were not stiffness scaled and were essen-
tially rigid. The Dbreakout friction was
simylated by bonding a rubbing pad to the lower
part of the nylon and using a spring loaded bolt
to pull the pylon fairing against the pads. The
tension in the bolt was adjusted to change the
presure between the fairing and the rubbing
pads. Two levels of breakout friction levels
wera tested: a full scale value of approxi-
mately 6,00u in-1b and 12,000 in-1b. Wind
tunnel flutter wodel tests were conducted on a
U.75 scale F-16 with the flight test stores
configuration and the decoupler pylon with these
friction Tlevels. tHo flutter was obtained
throughout the envelope tested. Thus, these
tasts indicated that these pivot friction levels
did not atffect the capability of the decoupler
nylon to suppress flutter,



cate that the left pylon has less damping than
the right pylon, that the degree of stability of
each pylon node is decreasing, and that the fre-
quency is close to the pylon strong-back mode
frequency. A difference in damping between the
left and right initial decoupler pylon was also
noted in ground tests which showed that the left
pylon had less friction than the right pylon.

Hodified Decoupler Pylon

For both the initial and modified decounler
pylon, forced excitation tests were made during
flight to determine if the pyvlon liakages were,
in actual practice, nivoting as designed and
contributing to the GRU-§ store nitch motion.
(This was a concern hecause of the friction in
the pylon Tlinkage joints). As an indication of
the 1linkage contribution, the relative pitch
anqular movement between the uppar and lower
pylon sections was measured. Figure 11 compares
the oscillatory pylon (or store) pitch anales
attributed to the 1ink rotation for each pylon
confiquration when excited at the frequency of
maxinum  store pitch response and at various
force anplitudes. For the initial decounler
pylon, store pitch motion could not he achieved
excent to a vary limited degrea and the maximum
store response occurred near 4.5 Hz (4.4-4.7
He), which was near the oylon strongback mode
frequency. For the modified pylon, however, the
waximun response occurred near 3.6 Hz which was
the antisymietric GBU-3 nitch wmode frequency.
At dlach number 0.80 and ahove, the modified
pylon had a «awuch qreater response amplitude than
the initial pylon at the sane force level indi-
cating that there was significantly more linkage
rotation of the wodified decoupler pylon. 1Ia
the wodified pylon tests, the predominant store
rasponse occurrea in the los frequency store
pitch wode for atwmospharic turbulence also.
Therefore, the modified decoupler pylon appeared
to be functioning as designed although it has
vore friction than desired. Because the strong-
hack was common to hath the initial and modified
design, the flutter sunoression mechanism of the
nodified decoupler pylon would involve both the
stare pitch rode and the stronaback hending
mode, each of which had freouencies Selow that
for the standard pylon, The experience with the
initial and modified decoupler pylons highlights
the possible friction problems assnciated with
nivots. Any production decoupler pylon should
e designed to ensure freedom in the nivating
mechanism and caphasize maintainability of the
pivots in field service.

Fiqure 12 shows the variation of frequency
and damping with ilach number of four vibration
wodes tracked during the wmodified pylon flight
tests, These modes were the antisymmetric tip
missile pitch mode, the store pitch mode, the
pylon strongback mnode, and the antisymetric
first wing bending mode. The damping estimates
were nade during stabilized test conditions.
The absence of data for the store pitch mode and
the pylon strongback mode at some ilach numbers
is a result of the Tou response in these modes
at these test conditions and a resultant signal-
to-noise ratio too low to obtain meaningful
damping measurements. A1l modes are well daaped
with no indication of the decreasing stability
in the strongback bending mode that was seen in

the initial decoupler pylon tests. Flutter was
suppressed by the mnodified decoupler pylon
throughout the flight test envelope at 10,000
feet and 5,000 feet. The increase in flutter
speed at 10,000 feet over that for the standard
pylon was therefore denonstrated to be at least
37 percent.

A power spectral density of the left
launcher forward norimal accelerometer response
at the Hach ouaber 0.90 and 10,000 feet
condition is given in Figure 13. The predomi-
nant peak is at 3.6 Hz which here is primarily
the response in the symnetric first wing bending
wode, This test condition probably was flown in
light turbulence. The root mean square
acceleration response from .1 to 25 Hz is 0.19
9's. This compares to equivaleat rins values for
the initial decoupler pylon and standard pylon
of 0.08g's and 0.67¢'s respectively.

ianeuvering flight.- Mumerous maneuvers
were acconplished with the modified decoupler
pylon to evaluate store pitch displacements.
There was no indication of flutter during any
naneuver, The test data indicated that the
greatest pylon pitch angle excursion for any
waneuver with the alignment system disabled was
about 0.3 degrees store nose-up. This excursion
occurred during an abrupt pull-up maneuver at
0.6 iiach nunber for which data are shown in
Figure 14. Other test results indicated that
the pylon pitched nose-up with increasing load
factor such as during wind-up turns and abrupt
pull-ups. Other characteristics observed were
thnat the left store pitched nose-up for airplane
nose-left side slips and rudder kicks, while the
right store pitch angle remained essentially
constant during these maneuvers. For nose-right
side slips and rudder kicks, similar behavior
Was observed, but on the opposite side of the
airplane.

Alignment system.- The alignment systen
perforied as designed throughout the flight
envelope and during mnaneuvers. The left and
right pylon alignment system motors operated
independently and were set to maint.in a-store
pitch position within allowable limits of
roughly *.5 degrees. One example of systen
operation is shown in Figure 15 which shows
pylon pitch angle variations with hach nuaber
during accelerated level flight from 0.40 Mach
number to 0.94 Mach number at 10,000 feet. The
results are shown for the system enabled and
disabled. During acceleration with the align-
ment systea disabled, the stores gradually pitch
nose down with increasing Mach number (Fig.
15(a)). Above Hach nunber 0.90, however, the
store pitches nose up rapidly with Mach number
due to the change ia aerodynamic loading in the
transonic region. ihen enabled (Fig. 15(b)),
the alignnent system activated once, near
i1 = .74 (left pylon) and H = .75 (right pylon),
to bring the store nose up when the downward
limit was exceeded, and a second time on only
the left pylon near ¥ = .38 when the downward
Tinit was ayain exceeded. QOnly the left pylon
system activated a third time at the upper limit
to bring the store nose down to counteract the
effects of the transonic airloads on the static
store position.

a




The alignment systen was originally incor-
porated to prevent the store from contacting the
physical pitch limits at £3 degrees. The actual
excursions measured during maneuvers and over
the flight test envelope probably would not
justify the complexity or expense of incorpora-
ting an alignment system in a production
decoupler pylon for this configuration. Moving
the store center of gravity either fore or aft
from the current position would result in
greater pitch excursions, however.

Store ejection.- One flight was made to
eject” the GBU-B store from the wodified
decoupler pylon during straiqht and level flioht
at 0.80 HMach number and 7500 feet altitude. The
store separated cleanly from the pylon and flew
a nominal trajectory. A review of high sneed
novies of the separation revealed that the GRU-8
separation characteristics were similar to those
for the standard pylon.

Concluding Remarks

flight tests were performed on an F-16
loaded nn each wing with an AIN-9J wingtip
missile, a GBU-8 bowb near midspan, and a one-
half full (center bay empty) 370-gallon fuel
tank mounted on the inboard wing station. This
configuration was flown with the GBU-£ mounted
on a s*tandard pylon, an initial decoupler pylon,
and a mdified decoupler pylon.

The standard pylon haseline flights astab-
lished the flutter Loundary at Mach number 0.70
at 10,000 feet and at Hach numher 3.73 at 5,000
feet. At and above these test conditions, a 5.1
e, antisyminetric linited anplitude flutter was
exparienced. The amplitude of the oscillation
at 10,000 feet iacreased with increasing Hach
number to 1 = 0.93 and thea decreased to
i1 = 0,95, At 5,000 feet, the amplitude increas-
ed to i1 = 0,91, the maxinum 'ach number tested.

The initial decoupler nylons were flown on
the F-16 in straight and level flight to 0.90
ilach number at 10,000 feet. The limited ampli-
tude flutter experienced with the standard pylon
was suppressed throughout the flight envelope
tested. decause of excessive friction in the
pivot joints, there was little if any pnitching
about the pivots, The flutter supnression nech-
anism was attributed to the stiffness of the
upper pylon nortion which even with the joint
friction provided a lower store nitch frequency
than was obtained with the standard pylon. This
tower freauency mode provided sufficient fre-
quency senaration fromn the tip nissile pitch
node frequency to elininate flutter.

ilhen the decoupler pylons were modified by
addinn  bearinas at the pivot joints, the
friction was reduced Yy an average of 43 nercent
and the lateral freeplay in the pivats .as
virtually elininated. Flight tests, including
manauvers, were  conducted  throughout  the
operational envelope without encountering any
flutter, thus demonstrating an increase in
flutter velocity of 37 percent over the standard
pylon configuration. The test results indicated
that the pylon was responding primarily in a new
lower frequency store pitch mode which invnlved
significant pylon pitching about the pivots.

The flutter suppression itechanisin was attributed
to the two low frequency pylon modes which were-
botn at a low enough frequency to  provide
sufficient frequency separation from the tip
nissile pitch mode frequency to eliminate
flutter.

Experience with the present decoupler pylon
design indicated that friction in the pivoting
mechanism could affect its proper functioning as
a flutter suppressor. It should be considered
in the design process as a basic functional
concern and as a potential field service
problenm.

Only small store pitch deflections were
racorded due to waneuver loads and airloads.
These results indicated that an alignment system
may not be required for this decoupler pylon.
Wnen the alignment system was enabled, it
performed successfully by keeping the pylon
pitch angle within the desired limits.

A GBU-8 was ejected during one flight test
and demonstrated that weapon separation from the
decoupler pylon is normal.
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TABLE I - MEASURED AIRPLANE VIBRATION MODE FREQUENCIES

Symmetric Modes

Mode

Modified Decoupler Pylon

Frequency, Hz

Initial Decoupler Pylon

GBU-8 Pitch
Pylon Strongback Vertical Bending
GBU-8 Lateral - left side

- right side
1st Wing Bending
2nd Wing Bending
Tip missile Pitch
370-Gallon Tank Pitch - left side

- right side
370-Gallon Tank Yaw - left side
- right side

Antisymmetric Modes

Mode

3.31
4.24
5.46
5.27
3.95
9.64
6.09
6.97
7.55
7.80
§.17

Modified Decoupler Pylon

4.08

5.26
5.21
3.02
'9.77
6.27
7.49

Frequency, Hz
Initial Decoupler Pylon

GBU-8 Pitch
Pylon Strongback Vertical Bend1ng
GBU-8 Lateral - left side
right side
2nd GBU-8 Lateral/Yaw
1st Wing Bending
Tip Missile Pitch
370-Gallon Tank Pitch - left side
- right side
370-Gallon Tank Yaw - left side
- right side
Vertical Fin Bending

3.29
4.30
4.94
5.18

[l e ol N N o2 S sl 0 o]
- . .

DO X O T
HNWSNO W

3.92

4.75
4.82
5.29
8.71
5.32
7.35

11.91

Figure 1. - F-16 airplane with stores.
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. Right GBU-3 lateral accelerometer

. Right flaperon position transducer
. Right horizontal stabilizer normal

DN LWN

10. Vertica) fin lateral accelerometer
11. Rudder position transducer

. Right 370-gallon tank normal accelerometer
Right 370-gallon tank lateral accelerometer
. Right GBU-8 norma) accelerometer {A3)

Right forward wingtip Yauncher normal accelerometer (AS)
. Right aft wingtip launcher normal accelerometer

accelerometer

. Right horizontal stabilizer position transducer

12. Left horizontal stabilizer position transducer
13. Left horizontal stabilizer vertical accelerometer

14, Left flaperon position transducer

15. Left aft wingtip launcher normal accelerometer
16. Left forwvard wingtip launcher normal accelerometer (Al6}
17. Left GBU-8 normal accelerometer (A17)

18, Left GBU-8 lateral accelerometer

19. Left 370-gallon tank normal accelerometer
20. Left 370-gallon tank lateral accelerometer

Figure 2. - Airplane flutter instrumentation.

Damper

Figure 3. - Decoupler

Alighment motor

) Fixed portion
LT3 Movable portion

pylon components.

Altitude,
1000 ft

Altitude,
1000 ft

Altitude,
1000 ft

O Straight and le

vel

@ Straight and level

and maneuvers
O Store ejection

100- O O @000
No flutter Flutter

50- 0 0 00@0O0

L

i
0.4 - .6 .8

(a) Standard pylon.

100- O O O 00O

5 |— No flutter —

0 ] | J
.4 .6 .8 1.0
(b) Initial decoupler pylon.

100- O @ O e0eO0
a
5ﬁ>— O O 00000
No flutter —

0 | ] i

.4 .6 .8 1.0

Mach number

(c) Hodified decoupler pylon.

Figure 4. - Nominal flight test conditions.
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Figure &.- Measured power spectral densities of
left launcher forward accelerometer
(Ale). ™ = 0.90, Altitude = 10,000
feet.
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Fiqure 10.-Variation of frequency and damping of
pylon pitch mode for control system
burst excitation. Initial decoupler
pylon, Altitude = 10,000 feet.
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Fiqure 9.- Variation of frequency and damning
. for three antisymmetric modes.
Initial decoupler pylon,

Altitude = 10,000 feet.
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Initial decoupler pylon
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3. Modified decoupler pylon
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Figure 11.-Pylon pitch angle {peak to peak)
during antisymmetric forced
excitation, Altitude = 10,000 feet.
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Figure 12.-Variation of frequency and damping
for four antisyrmetric modes.
Hodified decoupler pylon,
Altitude = 10,000 feet.
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Fiqure 13.-Power spectral density of left
launcher forward accelerometer
{A16). Modified decoupler pylon,
M = 0.90, Altitude = 10,000 feet.
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Fiqure 14.-Time histories during abrupt pullup
maneuver. Modified decoupler pylon,
¥ = 0.80, Altitude = 10,000 feet.
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(b) Alignment system enabled.

Figure 15.-Variation of store pitch angle with
Hach number., Altitude = 10,000 feet.
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