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Correlation of F/A-18 Buffeting from Wind-Tunnel
and Flight Tests

D. E. Bean® and B. H. K. Leet
National Research Council, Ottawa K1A OR6, Ontario, Canada

A method to predict full-scale buffet of the F/A-18 vertical tail using measurements taken on a rigid wind-
tunnel model is presented. Tests were performed on a rigid 6% scale F/A-18 in the 1.5-m trisonic blowdown
wind tunnel at the National Research Council in Ottawa, over a range of angle of attack and Mach number.
The results from the prediction code were compared to flight test results, which were obtained from flights
undertaken at the Aerospace Engineering Test Establishment in Cold Lake, Alberta. In general, comparisons
between flight and scaled wind-tunnel data were good, although the initial prediction code invariably under-
predicted the full-scale response. Through the use of a variable pressure correlation technique (based on flight
conditions) the accuracy of the prediction model was significantly increased. The flight data was also reduced
to the nondimensional buffet excitation parameter. It was found that buffeting in the fundamental torsional
mode at approximately 45 Hz occurred at a lower angle of attack (with larger overall magnitudes) compared

to the fundamental bending mode at 15 Hz.

Nomenclature
area
damping coefficient
wing mean aerodynamic chord, 8.29 in.
fin mean aerodynamic chord, 5.03 in.
frequency
acceleration due to gravity, 32.2 ft/s?
transfer function
generalized stiffness
reduced frequency, fc/U
generalized force
generalized mass
number of modes
buffet excitation parameter
pressure
spectrum of generalized displacement
generalized coordinate, dynamic pressure,
pst
Reynolds number based on wing mean
aerodynamic chord
fin area, 26.6 in.>
cross-spectral density of pressures p,
and p,
cross-spectral density of generalized force
freestream velocity
fin coordinate system
rms acceleration
modal damping (fraction of critical)
mode shape function
average mode shape
circular frequency
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Subscripts

b.c = panel indices

D = forcing pressure distribution
ij = mode indices

M = aeroelastic term

1. Introduction

ERTICAL tail buffeting has emerged as a major cause

of envelope restrictions to combat aircraft operating at
high angles of attack (AOA). The fatigue problems associated
with the buffet have been especially common for twin-tail
aircraft with wing leading-edge extension (LEX), such as the
F/A-18.

Although recent research into buffet alleviation! -3 has proved
successful for existing aircraft that already exhibit buffet, the
prediction of buffet remains a prime objective with regard to
the design of future high-performance aircraft.

The methods used to predict buffet invariably entail the
scaling of data obtained from wind-tunnel tests performed on
either a flexible or rigid model. The flexible model may be
dynamically scaled to match the properties of the full-size
structure, and instrumented with strain gauges and acceler-
ometers, so that scale buffet measurements are obtained im-
mediately. However, this approach is expensive, time con-
suming, and may not be used early in the design phase. The
rigid model approach comprises the measurement of oscil-
latory pressures on a rigid wind-tunnel model, and so may be
suitable for the early design phase, providing that a finite
element model of the full-scale structure is available. The
advantage of the rigid model method is that structural prop-
erties can be modified if necessary to ensure load limits are
met before the prototype is built.

Ferman et al.* performed a study of buffet scaling laws for
both flexible and rigid F/A-18 data. For the flexible model
data, scaling laws based on dimensional analysis yielded good
approximations to the measured flight responses. Scaling of
the unsteady pressures on the rigid fin/stabilator (incorpo-
rating aeroelastic terms into the prediction model) gave a fair
comparison with the measured model response.

The aim of the present research program is to develop a
method to predict full-scale buffet loads on an elastic aircraft
from measurements taken on a rigid wind-tunnel model. The
wind-tunnel tests were performed in the 1.5-m trisonic blow-
down wind tunnel at the National Research Council, whereas
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the flight test results have been obtained from flights under-
taken at the Aerospace Engineering Test Establishment
(AETE).

II. Wind-Tunnel Tests

A. Test Facility

Wind-tunnel tests were performed in the 1.5 X 1.5 m tran-
sonic test section of the Institute for Aerospace Research
(IAR) trisonic blowdown wind tunnel. The facility has a Mach
number range of 0.1-4.2, and a hydraulically driven control
system ensures a Mach number accuracy of +0.003 over the
entire model pitch range. The stagnation pressure is main-
tained to an accuracy of +0.02 psia throughout the wind-
tunnel run.

The walls of the test section are perforated by 0.5-in.-diam
holes inclined at 30 deg to the freestream direction, allowing
pressure and flow communication between the test section
and a 12-ft-diam, 16-ft-long plenum chamber. By means of
sliding throttle plates, the wall porosity may be set in the
range 0.5-6%. For the present tests the wall porosity was set
to 4%.

Model support was achieved by a cranked sting connected
to a vertically translating strut. The vertical motion of the
strut may be controlled, so that a model angle-of-attack range
of 0-33 deg is available. Sting bending under aerodynamic
load resulted in approximately a 2-deg incremental pitch angle
at the highest angle of attack for the Mach number range
tested.

The tests were performed at four Mach numbers, namely,
0.25, 0.31, 0.38, and 0.44, for an angle-of-attack range of 21
< a < 33 deg. Test Reynolds numbers (based on the mean
aerodynamic chord of the wing) and dynamic pressures for
the tests were in the ranges 1.41 X 10° < Re < 2.48 X 10¢
and 0.83 < g < 2.36 psia, respectively. Test runs were typically
8-9 s per test point.

B. Model Design and Instrumentation

The model used for the tests was a rigid 6% scale F/A-18
(Ref. 3). The model consists of three major pieces, namely
an aluminum alloy nose section, with integral LEX, remov-
able LEX fences, and a single seat canopy; a stainless-steel
center fuselage with integral wings; and a stainless-steel rear
fuselage. The center fuselage section is bored to accept a 38.1-
mm-diam Able Corporation, six-component sting balance.

Leading- and trailing-edge flaps are fastened to the wings
by simple bolted lap joints, with dowel pins for accurate as-
sembly. For the present model configuration the leading- and
trailing-edge flap deflections were set to 35 and 0 deg, re-
spectively, which are similar to those for the flight test aircraft
at the corresponding flight conditions. All tests were con-
ducted with the LEX fence on.

The vertical fins are fastened to a steel insert, which in turn,
is bolted to the rear fuselage. The horizontal stabilators are
clamped to a fitting that is fixed to the rear fuselage. The
stabilator angle was set to —9 deg for this study.

Boundary-layer transition trips of 0.05-mm-high epoxy cyl-
inders (1.1 mm diameter on 2.5 mm centers) were installed
approximately 10.2 mm behind the leading edges of the LEXS,
wings, intakes, vertical fins, and horizontal stabilators on each
surface. A ring of trips was also mounted 10.2 mm behind
the tip of the nose. In addition, trips were placed along the
port and starboard sides of the forebody, from the nose to
the engine intakes.

For these tests the starboard fin was instrumented with 24
pairs of unsteady pressure transducers at positions directly
opposite to each other on each surface. The positions of the
transducers are presented in Fig. 1 and their coordinates are
given in Ref. 1. Calibration of the pressure transducers was
accomplished by fitting a gas-tight glove over the entire fin
“in-situ” on the model, thus subjecting each transducer to a

23 /
e

Fig. 1 Fin pressure transducer locations on wind-tunnel model.

common pressure from a nitrogen supply. A more detailed
account of fin construction and instrumentation is available
in Ref. 1.

Wind-tunnel run conditions, model angle of attack, and
other parameters were acquired at 100 Hz using a PDP 11/
73 computer-based wind-tunnel data system. This system also
controlled the wind-tunnel operation and model position. Ac-
quisition of the unsteady pressures on the starboard fin was
undertaken using a microVax-based data acquisition system,
with a sampling rate of 38.4 kHz per channel.

III. Full-Scale Aircraft Testing

In 1989, the Canadian Forces undertook a ground vibration
test and a series of flight tests to determine the dynamic load-
ing associated with the F/A-18 aft fuselage. Prime objectives
included the measurement of structural response on the ver-
tical fins, horizontal stabilators, and engine mountings, both
with and without the LEX fence installed. The following sec-
tions briefly describe the test programs, whereas more com-
plete descriptions are presented in Refs. 1 and 5.

A. Ground Vibration Test

A ground vibration test (GVT) was performed at AETE
to establish the dynamic characteristics of the aft fuselage
(notably the vertical fins) prior to flight testing. Testing was
carried out on two different aircraft, one with a lightweight
aft fuselage and one with a heavyweight (early production)
aft fuselage.

During testing, the aircraft were supported on both un-
dercarriage and jacks, with the weight equally distributed
between them. The aircraft were fully fueled, and all weapon
stations were clean, with wing and centerline pylons removed.
Two separate methods were used to attach the shaker rods
to the fin structure. Firstly, shaped boards were clamped to
each side of each vertical fin, with the shaker rod connected
to the boards. The other method used an aluminium pad that
was bonded to the fin and then connected to the shaker rod.

For symmetric and antisymmetric excitation, two shakers
were used, one on each fin. For the asymmetric modes, only
one shaker on the port fin was used. In each case the frequency
range of excitation was 0—100 Hz, peak excitation forces being
30 and 100 1b for the symmetric and asymmetric cases, re-
spectively. Fin responses were measured using tip accelerom-
eters and root strain gauges. The two primary modes, the fin
first bending mode at approximately 15 Hz and the fin first
torsional mode at approximately 45 Hz, were identified and
studied in detail. Unfortunately, higher-order modes were not
investigated.

The data acquired from the GVT test was also used for fine
tuning the structural finite element Nastran model, which was
used for calculations of vertical tail flutter.®
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Table 1 Categorization of flight data from fence-on tests
at 10,000 ft

q, pst

AOQA, deg 40-75 75-125 125-175 175-225
20 < AOA <22 e R 8 8
22 < AOA <24 — —_ 9 11
24 < AOA <26 —_— 9 9 9
26 < AOA < 28 11 9 28 9
28 < AOA < 30 10 10 10 10
30 < AOA <32 10 10 —_— —_
32 < AOA < 34 10 10 —_— —_—

KQe4
KQ70

Fig. 2 Locations of flight test accelerometers.

B. Flight Tests

A total of 33 flight missions were flown on one of the aircraft
that was used for the GVT. Flight maneuvers were performed
that would take the aircraft through specified combinations
of angle of attack and dynamic pressure, for both LEX fence
on and off. However, only data obtained for LEX fence on
is presented here. Test-point tolerances were restricted to =1
deg in angle of attack, =10 KCAS, and *=1000 ft of the
desired test conditions. Most test points were flown at 10,000
ft, whereas a few flights were flown at 30,000 ft.

Ten accelerometers were installed on the vertical fins and
horizontal stabilators to measure the buffet response, as shown
in Fig. 2. The transducers KS12 and KT12, whose coordinates
were not documented in Ref. 1, are located at the same span-
wise coordinate as KS01, KS16, etc., at approximately 64%
of local chord. Accelerometer data was sampled at 606 Hz,
and the flight test parameters (angle of attack, dynamic pres-
sure, etc.) were sampled at 20 Hz. The data was then tele-
metered to the ground for real time monitoring and storage.

C. Flight Test Data Reduction

The vertical fin and horizontal stabilator data were analyzed
at the IAR.7

For convenience, flight test data was subdivided into dis-
crete ranges of both AOA and q. The data corresponding to
a given combination of AOA/g was generally contained in
one or more time intervals of contiguous data. During the
flight test, flight parameters such as AOA, flight speed, test
altitude, and flight time were continuously acquired, so that
the discrete time intervals according to each AOA/q combi-
nation could be collected (together with the flight parameters
for each time slice) for each flight mission.

Power spectral density (PSD) calculations were then per-
formed on each individual time slice of data over 5 s in du-
ration, together with a PSD of the overall time interval (i.e.,
all of the separate time slices concatenated). Table 1 repre-
sents the AOA/q combinations from the “fence on” missions
flown at 10,000 ft, for which sufficient slices of contiguous

data were available. The numbers in the boxes relate to the
flight mission from which the data was acquired. It can be
seen that the ranges of dynamic pressure are 40 < g < 75,
75 < q<125,125 < q < 175, and 175 < g < 225 psf, whereas
the AOA data is divided into 2-deg intervals from 20 < AOA
<22 degto 32 < AOA < 34deg. Other AOA/q combinations
were found to not contain the required amount of data. Se-
lected PSDs of the flight data are presented later.

The flight data for the concatenated time slices was also
reduced to the nondimensional buffet excitation parameter®:

VaG(n) = CmzNmqgS)V'T 1)

for the 15-Hz bending and 45-Hz torsional modes (for the
transducers KS01, KT01, KS16, and KT16). The parameter
represents the generalized force acting on the fin for each
analyzed mode, although it is derived from the response (buf-
feting) measurements. The buffet excitation parameter has
been used previously in various buffet studies.®-!!

For each mode the acceleration time series was filtered
using either a 15-Hz bandpass filter (passband from 10-20
Hz, stopband below 7 Hz and above 23 Hz) or a 45-Hz band-
pass filter (passband from 38-52 Hz, stopband below 34 Hz
and above 56 Hz). The rms levels for each mode were then
derived from the resulting time series. The modal damping
was determined using the half-power method, and modal masses
were obtained from Nastran finite element analysis performed
by Riedel.®

The matrix of analyzed flight data dictated the test points
(AOA and Mach number) for the wind-tunnel study. For
example, for the flight test condition 26 < AOA < 28 deg
and 75 < g < 125 psf, wind-tunnel measurements were taken
for AOA = 27 deg and M = 0.31 (the Mach number cor-
responding to g = 100 psf at 10,000 ft). In general, the dif-
ference between wind-tunnel and flight conditions was less
than 10%.

IV. Buffet Prediction Method

A. Finite Element Model

Finite element analysis was performed to determine the fin
structural dynamics for a range of natural modes, for the
purposes of flutter analysis.®

The Nastran finite element model represented the fin as a
cantilevered structure, with rotational springs at the fin root
to model the flexibility of the root attachment to the airframe.
Displacements of ecach panel were obtained by spline inter-
polation of the translations and rotations along the structural
elastic axis of the fin, except for the rudder deflections, which
were interpolated from the rudder elastic axis.

The first 10 modes were analyzed, and frequencies and node
lines were well reproduced. The small variation between the
measured symmetric, antisymmetric, and asymmetric mode
shapes and frequencies in Table 7.11 of Ref. 5, shows that
there is little coupling between the port and starboard fins.
It is therefore appropriate to use the dynamic results from
the cantilevered model.

B. Buffet Prediction Code

A buffet prediction code has been developed at the National
Research Council, in conjunction with Carleton University,'?
to scale rigid model wind-tunnel data to a full-size elastic
aircraft at flight conditions. The theory is presented in detail
in Refs. 13 and 14, and only a brief summary is presented
here.

For a Cartesian coordinate system fixed on the fin, as il-
lustrated in Fig. 3, the total displacement of the fin may be
expressed in terms of a set of normal coordinates g(f):

¥ 20 = 3 e, Da0) @
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Fig. 3 Fin coordinate system.

The modal coordinate g, is governed by the equation
Mg, + Cqg; + Kq, = I; 3)

I, may be represented as the total force due to the forcing
pressure distribution and aeroelastic terms as a result of the
aerodynamic force induced by the deflection of the structure:

L= by + 1p 4

As a first approximation, only the terms due to the direct

loading are studied. This loading induces response in the ith
mode through the following expression:

b= e opeznae: @)

where p(x, z, t) is the instantaneous pressure across the fin.
The cross-spectral density (CSD) of each element of the
generalized force is

S,i,’(w) = Jfffd),(xl, z2)8, 0, (%15 215 X2, 25 ©)

X ¢;(x,, z,) dx, dz, dx, dz, (6)
where S, ,.(x,, z,, X5, Z,, ®) is the CSD between p, and p, at

locations (x,, z,) and (x,, z,), respectively. By dividing the
fin into 24 panels, each centered around a transducer location
(Fig. 1), Eq. (6) is approximated to

24 24

Sl,vl,(w) = Z E (Abq_sih)spmz(xl? 2y, X2, 2, w)(Acd—)jc) (7)

b=1c=1

- 1
b= | 62 an, ®)

For b # ¢, CSD terms are added, whereas if b = ¢, only
PSD terms are added. Initially, the buffet prediction code
assumed that the pressure over each panel exhibited perfect
spatial correlation inside the panel, and zero spatial corre-
lation with every other panel (i.e., CSD terms are zero).'?
The current version incorporates CSD terms to account for
correlation of pressure over the fin surface.

Introducing a complex H,(w) for each mode, where

1
1 - (0/w,) + 2f(ow/w,)

Hy(w) = ©

the spectra of Q,(w) and S(w) are related by

Qy(@) = Hf (w)S,,(w)H,(w) (10)

where the superscript asterisk denotes the matrix transpose. The
PSD of the displacement at any point on the fin is, therefore,
N N

7

S(x, z, ) = 2 2 $ilx, 2)Qy(@)dy(x, 2) (11)

i

The displacement is then converted to acceleration by mul-
tiplying by w.*

Initially, the wind-tunnel data is read in for each transducer
pair, the differential pressure across the fin is derived, and
the PSD and relevant CSDs are calculated [using a fast Fourier
transform (FFT) length of 16,384, and approximately 20 en-
semble averages], and written to file. Then the spectra are
read and scaled in terms of reduced frequency. The transfer
function for each fin mode is derived and the contribution by
each term towards the generalized displacement matrix is cal-
culated. When the S, matrix is full, the modal displacements
for the chosen location on the fin are interpolated from the
Nastran analysis, and Eq. 11 is used to obtain the PSD of
displacement.

Previous buffet studies* have used a doublet lattice code to
simulate the effect of structural deflection on the vortex/fin
interaction so that values of aerodynamic damping and stiff-
ness could be included in Eq. (3). For the present approach
the effect was simulated by incorporating aerodynamic damp-
ing values derived from the Nastran flutter model into Eq.
(3), without using the doublet lattice in the actual code.

V. Presentation and Discussion of Results

A. Buffet Prediction Method

Results from the initial buffet prediction code (where zero
spatial correlation between panels was assumed) gave signif-
icant underpredictions of the full-scale response.’> Also, a
study assuming 100% spatial correlation'® yielded significant
overpredictions. Therefore, it was decided that a form of
partial pressure correlation was needed for more accurate
predictions. Subsequent tests incorporating CSD terms into
the prediction model gave a better prediction, implying sig-
nificant correlation between neighboring panels. Hence, a
study was undertaken to establish the degree of pressure cor-
relation on the fin surfaces, so that the prediction technique
could be further refined. The approach of Lee and Tang!
was employed to determine the scale of the broadband eddies.
The rows of transducers used for the analysis were transducers
1-5, 6-10, 11-15, and 16—19 in the streamwise direction,
and 1-16, 2-17, 3-18, and 4-19 in the spanwise direction
(see Fig. 1). The eddy scale was defined as the distance from
a reference transducer in either the streamwise or spanwise
directions, for which the peak cross correlation function had
decreased to //e of the value at the reference transducer.'”

The variation of the eddy scale for both faces of the fin is
presented in Figs. 4 and 5 for the streamwise direction. Even
though there is a degree of scatter present in the data, im-
portant trends can be established. For the outboard face of
the fin (Fig. 4) the variation of the eddy scale is small. How-
ever for the inboard face of the fin (Fig. 5) it can be seen that
the eddy scale increases with AOA. Previous studies of F/A-
18 tail buffet* have found that the inboard surfaces of the fins
experience the majority of the forcing pressure distribution,
whereas the outboard surface experiences less excitation. The
values from Ref. 17 are also plotted on these figures and are
in the correct range. No significant Mach number effects were
encountered.

Also indicated on the graph are average panel dimensions.
It can be seen that for low AOAs (AOA = 21 deg) zero extra
panels should be incorporated into the prediction model, i.e.,
PSD terms only. For 23 = AOA = 29 deg it is suggested that
one extra panel be used for all directions. Therefore, panel
7, e.g., would be influenced by panels 1, 2, 3, 6, 8, 11, 12,
and 13 (see Fig. 1). For AOA = 31 deg, two extra panels
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Fig. 4 Variation of broadband eddy scale on fin outboard surface in
the streamwise direction.
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Fig. 5 Variation of broadband eddy scale on fin inboard surface in
the streamwise direction.

should be added to the prediction to account for the increase
in pressure correlation on the inboard face of the fin.

The results of the buffet prediction code (expressed as the
PSD of acceleration) are presented together with the corre-
sponding flight test spectra in Figs. 6—8 for the transducers
KSO01/KTO01, KS12/KT12, and KS16/KT16, respectively. The
flight test conditions correspond to 28 << AOA < 30 deg and
125 < g < 175 psf, and it should be noted that since & is used,
the PSD scale is g%k. The two main natural modes of interest
are the first two peaks, corresponding to the fundamental
bending mode at approximately 15 Hz and the fundamental
torsional mode at approximately 45 Hz. The other two sig-
nificant modes are the second bending mode at approximately
66 Hz and a higher mode at approximately 95-100 Hz, whose
mode shape has not been analyzed. Since these higher-order
modes were not studied during the GVT it is difficult to es-
tablish their modal characteristics.

The solid curve represents the initial prediction model (PSD
terms only), whereas the chain-dotted line represents the in-
clusion of CSD terms (one extra term in both streamwise and
spanwise directions). It can be seen that the inclusion of CSD
terms increases the accuracy of the buffet prediction code (in
terms of the primary modes and the overall rms acceleration)
and gives good comparisons to the flight test data. For the
transducer KSO1 both primary bending and torsional modes
are prominent, as are the higher modes, whereas for KS12
the 15 Hz bending mode is dominant due to the transducer’s

----- Flight Test
KTO1 RMS = 11.9g
KS01 RMS = 10.8g

— Prediction Code,
PSD Terms Only
RMS = 87g

4

2; ——— Prediction Code,
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o RMS = 116g
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=
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10

p1onl

0

1

Acceleration PSD (g**2/k)

10
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- O{f 0.8 16 24 32 4.0 48
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Fig. 6 Comparison of spectra between prediction and flight test for
KS01, 125 < g < 175, 28 < AOA < 30 deg.
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Fig. 7 Comparison of spectra between prediction and flight test for
KS12, 125 < ¢ < 175, 28 < AOA < 30 deg.
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Fig. 8 Comparison of spectra between prediction and flight test for
KS16, 125 < g < 175, 28 < AOA < 30 deg.
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Fig. 9 Comparison of spectra between prediction and flight test for
KS01, 75 < g < 125, 30 < AOA < 32 deg.
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Fig. 10 Comparison of spectra between prediction and flight test for
KS12, 75 < ¢ < 125, 3 < AOA < 32 deg.
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Fig. 11 Comparison of spectra between prediction and flight test for
KS16, 75 < g < 125, 30 < AOA < 32 deg.
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Fig. 12 Variation of rms acceleration with ¢, 28 < AOA < 30 deg.
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Fig. 13 Variation of rms acceleration with AOA, 125 < ¢ < 175 psf.

proximity to the fin torsional axis. Peak responses in the two
primary modes are predicted for the transducer KS16, in ac-
cordance with the flight test data. However, the response at
KS16/KT16 is underpredicted to a greater degree than the
responses at KS01/KTO1 and KS12/KT12. This was seen to
occur for most test points. Since the differences between the
results for the various transducers are only due to the mode
shapes calculated at the transducer locations (as the contri-
butions to the generalized force matrix §,, are common), this
inconsistency may be due to inaccuracies in the Nastran model
or to differences between the fin structure properties and the
Nastran model.

Figures 9—-11 compare code and flight spectra for the flight
conditions 30 < AOA < 32 deg and 75 < g < 125 psf, using
both the initial prediction code and the code incorporating
CSD terms (two extra terms in this case, due to the increase
in the broadband eddy scale). The curves incorporating CSD
terms all give better predictions compared to the initial pre-
diction, including the primary modes and the overall rms ac-
celeration.

Figures 12 and 13 show the variation in rms acceleration
for the AOA range 28 < AOA < 30 deg and the g range 125
< g < 175, respectively, for both flight test and code. It can
be seen that the code gives fair comparisons with flight test.

B. Buffet Excitation Parameter

The flight data was also analyzed to obtain the buffet ex-
citation parameter in order to compare the F/A-18 tail buffet
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Fig. 14 Variation of buffet excitation parameter with AOA for ac-
celerometer KS01 at fundamental bending mode 15 Hz.
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Fig. 15 Variation of buffet excitation parameter with AOA for ac-
celerometer KS01 at fundamental torsional mode 45 Hz.

phenomenon with the results from various wind-tunnel pro-
grams performed on different aircraft.

Figures 14 and 15 show the variation of buffet excitation
parameter vs AOA for the transducer KSO1 for both primary
modes. It can be seen that buffet onset occurs at a lower
AOA for the torsional mode and that the torsional response
peaks in the region 26 < AOA < 30 deg. The bending re-
sponse still increases up to AOA = 38 deg, and since this is
the maximum AOA for which sufficient flight data was avail-
able, the point of maximum bending is unknown. Peak levels
are around 0.10, which is much larger than the measure of
“heavy” wing buffet suggested by Mabey® (0.003), and the
wind-tunnel measurements of fin buffet performed by Mabey'®
(0.037) and Zan® (0.06). This may be due to the larger levels
of total damping obtained during flight conditions (up to 15%
in some cases). The curves for the bending mode do not show
any dependence on flight dynamic pressure, whereas this is
the case with the torsional curves. This anomaly may be the
result of the short record lengths obtained during flight test,
together with the larger torsional rms values.

The generalized force (normalized with respect to q) for
each primary mode was calculated from the wind-tunnel data
by weighting the differential pressure at each panel with the
corresponding mode shape for that panel:

12 )
I = 'q_; Pobin A, (12)
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Fig. 16 Variation of rms generalized force (normalized with respect
to g) with AOA.

Figure 16 shows the broadband rms variation of the gen-
eralized force vs AOA for Mach number range 0.25-0.6.
Although the terms in Eq. (12) are weighted with each panel
mode shape, the rms values are broadband, and therefore,
quantitative comparisons with Figs. 14 and 15 cannot be de-
duced. It can be seen that buffet onset is well defined at AOA
= 10 deg and that the torsional weighting yields larger rms
values. A slight dip in the curves for 26 < AOA < 30 deg
may correlate with decreased torsional responses, although
this has not been confirmed. Both curves then continue to
rise, but the AOA of peak rms generalized force is unknown
due to limitations in the model AOA range. No significant
dependence on Mach number was observed for the Mach
number range tested.

VI. Conclusions

In general, the buffet prediction code gives good compar-
isons with the flight data, once the influence of pressure cor-
relation has been addressed. It was found that the scale of
the broadband eddies increased for increasing AOA, so that
extra CSD terms were necessary in the prediction model.

The flight data was reduced to the nondimensional buffet
excitation parameter, for each primary mode. It was found
that buffeting in the torsional mode occurred at a lower angle
of attack and at larger overall levels compared to the fun-
damental bending mode. The magnitudes of the parameter
are at least one order of magnitude larger than a suggested
limit for heavy wing buffeting.
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