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Abstract

This report documents the development and assessment of a
method with which fluctuating pressure data obtained from rigid
scaled wind-tunnel models can be used to predict flexible full-
scale buffet response. The method requires unsteady aerodynamic
forces, natural airplane modes, and the measured pressure data
as input. A gust response computer program is used to calculate
buffet response due to the forcing function posed by the measured
pressure data. By calculating both symmetric and antisymmetric
solutions, upper and lower bounds on full-scale buffet response
are formed. Final results are given in the form of upper and
lower bounds on the power spectral densities and the RMS values
for angle of attack variation in maneuvers at several Mach-
altitudes. Comparisons of predictions with flight test results
are made and the effects of horizontal tail loads and static
aeroelasticity are shown. Discussions are also presented on
the effects of primary wing torsion modes, chordwise and span-
wise phase angles, and altitude.

This second volume presents the predicted upper and lower
bounds power spectra for all of the cases and response items
given in Volume I. The flight test power spectra are shown on
each prediction plot for the nominal value of angle of attack
that most closely agrees with the flexible angle for the pre-
diction. The flight test and prediction conditions are given
in tabular form for all cases considered. The order in which
the plots are given corresponds to that of the results given
in Volume I.
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A METHOD FOR PREDICTING FULL SCALE BUFFET RESPONSE
WITH RIGID WIND TUNNEL MODEL FLUCTUATING PRESSURE DATA
VOLUME II

POWER SPECTRAL DENSITIES FOR METHOD ASSESSMENT

By
Atlee M, Cunningham, Jr., David B. Benepe,
Darlene Watts, and Paul G. Waner

SUMMARY

This volume presents the detailed power spectral density
plots for the prediction method assessments presented in Volume I
of this report. These plots show the comparison between flight
test power spectra and the predicted upper and lower bounds
spectra for all response items discussed in Volume I. The com-
parisons are made at nominal angles of attack and in some cases
the exact angles of attack. The flight test and prediction
conditions are given in tabular form for all cases considered.
The order in which the plots are given corresponds to that of the
results in Volume I. The figure numbers correspond to the case
number,

INTRODUCTION

The first volume of this report presents a description of
the method for predicting buffet intensity characteristics well
beyond buffet onset and how the method evolved. Comparisons are
made between predicted results and flight test data for a variety
of cases in order to assess the capability of the method. These
comparisons are made on the basis of RMS response and character-
istic frequencies (frequency centroid of the power spectrum).
The predictions are presented in the form of an upper and lower
bounds for all response items except pilot seat and C.G. accel-
erometers. In addition, the calculated natural mode shapes of
the airplane are given for all cases.



Comparison of integrated characteristics aids in rendering
a complicated phenomena such as high intensity buffet into a
comprehendible form. Thus, it is possible to evaluate the effect
on buffet response of the gross parameters, wing sweep, altitude,
Mach number, and angle of attack. 1In this case, it serves as a
means of quickly establishing the validity of the upper and lower
bounds concept, and provides insight as to how flight test data
tends to be distributed within the bounds.

Many questions arise, however, that cannot be answered by
the study of integrated characteristics alone. One example is
what might cause one item to show excellent agreement with RMS
values and poor agreement with characteristic frequencies or
vice versa, Another example is anomalous degrees of agreement
with flight test data for different response items. For these
cases, comparison of flight test and predicted power spectra
usually provide enough information to determine what the source
of error might be, Such an increase in resolution, however,
can lead to a third and disturbing example where integrated
characteristics show excellent agreement but the power spectra
are poor. This last example usually occurs in conjunction with
the second example above,

This second volume presents the predicted upper and lower
bounds power spectra for all of the cases and response items
given in Volume I. The flight test power spectra are shown on
each prediction plot for the nominal value of angle of attack
that most closely agrees with the flexible angle for the pre-
diction. The flight test and prediction conditions are given
in tabular form for all cases considered. The order in which
the plots are given corresponds to that of the results given
in Volume I.




@ FLT

FLEX

wing angle of attack
airplane angle of attack for flight test data

angle of attack for a flexible airplane at
equivalent flight conditions

angle of attack for a rigid airplane which
corresponds to wind-tunnel tfest conditions

maximum value of @ achieved during a maneuver

average value of o achieved during a time sam
within a maneuver

value of a at the beginning of a time sample

value of a at the end of a time sample

PREDICTED BUFFET RESPONSE POWER SPECTRA

The plotted upper and lower bounds of the predicted buffet
response power spectra are presented in this section. Tables
are presented to describe the flight test and prediction con-

ditions.

The table and plot figure numbers correspond to the

following case numbers:



Case 1

Wing alone prediction
A =269 M= 0,80, Alt =

e U,

6035m

Case 2

Total airplane prediction (half
matched first wing torsion mode

horizontal tail,

26°, M = 0.80, Alt =

Case 3: Total airplane prediction
26°, 0.70, Alt =

Case 4: Total airplane prediction
\ =509 M= 0.85, Alt =

Case 5: Total airplane prediction

frequencies)
6035m

(final method)
7559m

(final method)
8383m

(final method)

A=72,59 M= 0.85, Alt = 7285m
Case 6: Wing alone prediction (final method)
= 3CY, M — L1.20, Ailt = 5053m
Case 7: Wing alione prediction {final mcthod)
A =725, M = 1,20, Alt = 9083m
For clarification on the method used for each prediction,
the reader is referred to the section ''Capability Assessment

of the Prediction Method'" in

Volume I.

The calculated mode shapes used in the predictions arc
in Volume T as an aid to the reader in determining how
various modes contribute to the overall response. Since the
ctra are in th form of “ppér and lﬁwzr bOLHdS and
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and antisymmetric modes.

In such cases,

however, the left and

right hand wing-tip accelerometer flight test data tends to
alternate between the upper and lower bounds as predicted.

Considerable discussion has been devoted to the prediction

results in Volume I. Thus,

only some general remarks will be

made concerning the overall characteristics of the spectra.
The wing tip accelerometer results usually show the best agree-
ment with flight test where as the horizontal tail loads are

usually the worst,
were estimated from wing loads,

Since the horizontal tail buffet pressures
this is not surprising.

The

predicted wing bending moment and shear are also generally in

agreement with flight test results.

Due to the short moment arm,




wing torsion is usually less in agreement with flight test.

An interesting observation can be made on the c.g. and pilot
seat accelerometers. Since they are on the centerline, upper and
lower bounds cannot be defined for these items as they are for
the other response items. Hence, lateral accelerations are due
to antisymmetric responses and vertical accelerations are due to
symmetric responses. To the contrary, flight test results show
that both vertical and lateral accelerometers each respond in
both symmetric and antisymmetric modes. This is perhaps the
strongest indication of the presence of asymmetric modes that
has been observed.

The effect of using inaccurate unsteady aerodynamics was
discussed in Volume I in relation to the predictions made for
Case 7. The power spectra comparisons further illustrate the
importance of accurate unsteady aerodynamics. The bounding of
the flight test data is very poor for o = 8.4° and 15.5° when
compared with the other predictions for Cases 1-6.

CONCLUDING REMARKS

Detailed power spectral density plots have been presented
in this volume as an aid to better understanding the integrated

buffet response results given in Volume I of this report.
Generally, the flight test power spectra are well bounded by
the predicted upper and lower bounds power spectra. In many
cases, where right and left hand data are available from the
airplane, the flight test results verify the separation of the
upper and lower bounds.

These results are presented also as a means of further
verifying the prediction method as discussed in Volume TI.
since high intensity buffet response of aircraft is highly
dependent on type of maneuver, atmospheric conditions, pilot
characteristics and other items, it was felt that a peak-by-peak
discussion of each power spectrum was not warranted. What is
more important is that the upper bound which represents the
maximum possible response is rarely exceeded except in special
cases or for certain items. Likewise, the lower bound which is
the minimum possible response level rarely falls above flight
test data., These were the desired results,
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TABLE 1.- FLIGHT TEST AND PREDICTION CONDITIONS FOR

CASE 1, WING ALONE,

ALT = 6035m (19,800 ft)

C.G. ACCELEROMETERS:
VERTICAL..... ABOL8
LATERAL ..... AB0O20

A = 26°, M= 0.80,

74/
78 4
&

PILOTS SEAT
ACCELEROMETERS ;
VERTICAL. .AF009
IATEML. - .AFO]-O
WING TIP
ACCELEROMETERS :
WING STATION NO, 1: L/H.....AW001
sHEAR..--.......SWlZ:’ R/HIQOOOAWOOZ
BENDING MOMENT..SW124
TORQUE..O.......SWIZS
CASE 1 FLIGHT 77 RUN SC-R
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 25.6° -1l 26°
Mach 0.80 - 0.78 0,80
Altitude 6035m (19,800 ft) 6035m (19,800 ft)
Gross Weight 266,004N (59,800 1b) 266,004N (59,800 1b)

POINTS ANALYSED

*
AT ay az OMAX o NOM O FLEX aRrIC
[») 0 o]

2 4.220 5.980 - 5.10 - o - o
2 6.800 7.120 - 6.99 6.6 6.1
2 8.150 9.350 - 8.90 - -
2 10.350 | 12.907 - ol u7; 1.1, 10.18,
2 12,700 | 14,650 14,950 | 14.17 14,4 13.26
3 11.05 14.95 14.95 13.0 - -

* CLaprpx _ ogrg

CLagg

QFLEX

= 0,920 as obtained from Figure 4, Vol, I




TABLE 2.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 2, TOTAL AIRPLANE (HALF HORIZONTAL TAIL),
A= 26° M= 0.80, ALT = 6035m (19,800 ft)

HORIZONTAL TAIL PIVOT LOADS:

SHEAR.ecoessesso.L/H STO77, R/H STO72
BENDING MOMENT..L/H STO78, R/H STO073
TORQUE...sseee..L/H STL35, R/H ST118

C.G. ACCELEROMETERS:
VERTICAL..... ABO1l8
IATERAL L B ABOZO

PILOTS SEAT
ACCELEROMETERS :
VERTICAL..AF009 -Q%
LATERAL, ..AF010
WING TIP
ACCELEROMETERS :
WING STATION NO. 1: L/He.o. AWO0L

SHEARQO."..I...SW]-23 R/H.-.ooAWOOZ
BENDING MOMENT, .SW124
TORQUE. ®oseveoe o.SWlZS

CASE 2 FLIGHT 77 RUN SC-R
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 25,6° 26°
Mach 0.80 - 0.78 0.80
Altitude 6035m (19,800 ft) 6035m (19,800 ft)
Gross Weight 266,004N (59,800 1b) 266,044N (59,800 1b)

POINTS ANALYSED

*

AT aj ar o MAX aNOM O FLEX o RIG

2 4.220 | 5.98 - 5.10 - o - o
2 6.80, 7.120 - 6.9, 6.6 6.1

2 8.15¢ 9.35, - 8.9, - - &
2 10.350 | 12.90° - o1 .7 11.1, 10.18
2 12,700 | 14,65, 14,950 | 14,1 14,4 13.26
3 11.05 14.95 14,95 13,0 - -

* CLaprpx _ ogig
CLagie  @FLEX

= 0.920 as obtained from Figure 4, Vol. I




TABLE 3.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 3, TOTAL AIRPLANE (FINAL METHOD),
A= 26° M= 0.70, ALT = 7559m (24,800 ft)

HORIZONTAL TAIL PIVOT LOADS:

SHEAR.eceesssassL/H STO77, R/H STO72
BENDING MOMENT..L/H ST078, R/H STO73
TORQUE.eeeeo.e..L/H ST135, R/H ST118

C.G. ACCELEROMETERS:
VERTICAL..... ABO1l8
LATERAL ..... ABO20

PILOTS SEAT
ACCELEROMETERS:
VERTICAL..AF009
LATERAL...AF010

WING STATION NO. 1l:
SHEAR.....'.....SWIZ3
BENDING MOMENT..SW124

WING TIP
ACCELEROMETERS ¢
L/H.....AWO01
R/He oo AW002

TORQUEQ LE N RN N N N .swlzs

CASE 3 FLIGHT 48 RUN 6
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 26.6° 26°
Mach 0.70 - 0,68 0.70
Altitude 7559m (24,800 ft) 7559m (24,800 ft)
Gross Weight 294,472N (66,200 1b) 293,138N (65,900 1b)

POINTS ANALYSED

*
AT ay o oMAX o NOM O FLEX apIc
o o] [o]
1 8.720 | 9.55, - 8.8, 9.60 9.20
1 9.700 | 10.75. - 9.8, 10.7, 10.2,
1 10.30 11.750 - 10.7, 11.8, 11.2,
1 11.15) | 13.55, - 11.8, 12.8 12.2,
1 14.25° | 16.60 - 14.6 17.1 16.3
I DR

* CLapipx _ orig

CLogyg

OFLEX

= 0.950 as obtained from Figure 4, Vol., I
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TABLE 4.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 4, TOTAL AIRPLANE (FINAL METHOD),

A = 50°, M = 0.85, ALT

HORIZONTAL TAIL PIVOT LOADS:

SHEAR.¢eeeseess.L/H STO77, R/H STO72
BENDING MOMENT..L/H S$T078, R/H ST073
TORQUE«+essesss.L/H ST1L35, R/H STL18

C.G. ACCELEROMETERS:
VERTICAL..,.. ABO18
LATERAL ..... ABO20

PILOTS SEAT

ACCELEROMETERS:
VERTICAL. .AF009
LATERAL. .,.AF010

8382m (27,500 ft)

WING STATION NO, 1l:

SHEAR...O.......SW].23
BENDING MOMENT..SW124
TORQUEO'OCOOCOIISWI.ZS

CASE & FLIGHT 61 RUN R227

WING TIP
ACCELEROMETERS :
L/He. .. AW00L
R/H.....AW002

FLIGHT TEST CONDITIONS

PREDICTION CONDITIONS

Wing Sweep
Mach
Altitude

Gross Weight

49,1°
0.82 - 0.79
8382m (27,500 ft)

330,948N (74,400 1b)

50°
0.85
8382m (27,500 ft)

331,392N (74,515 1b)

POINTS ANALYSED

*
AT ap ar O MAX aNOM O FLEX aRIQ
1 7.10° 9.25° - 7.9° - -
1 8.05° 10.10° - 8.9° 8.9° 8.1°
1 10,10° 10.80° - 10,0° - -
1 10.60° 12,70° - 11,1° 11.1° 10.2°
1 12.90° 14,60° 14.60° 13.1° 14.4° 13.2°

* CLapppx _ egig

CLagie  pLEX

= 0.920 as obtained from Figure 4, Vol. I




TABLE 5.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 5, TOTAL AIRPLANE (FINAL METHOD),
A =72.5° M= 0.85, ALT = 7285m (23,900 ft)

HORIZONTAL

SHEAR: eeseeees..L/H STO77, R/H STO72
BENDING MOMENT..L/H STO78, R/H ST073
TORQUE..eesseeesL/H STL35, R/H ST118

TAIL PIVOT LOADS:

C.G. ACCELEROMETERS:

VERTICAL..... ABO18
LATERAL ..... aB020 |
PILOTS SEAT
ACCELEROMETERS :
VERTICAL. .AF009
LATERAL. . ,AF010
WING TIP
ACCELEROMETERS :
WING STATION NO. 1: L/He ee..AW00L
SHEAR..eeeeesos.SW123 | |R/Hooo. . AW002
BENDING MOMENT..SW124
TORQuE.OOQOOQQQOSWIZS
CASE 5 FLIGHT 48 RUN 7-R
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 72,2° 72.5°
Mach 0.89 - 0.84 0.85
Altitude 7559m (24,800 ft) 7285m (23,900 ft)
Gross Weight 265,559N (59,700 1b) 268,673N (60,500 1b)

POINTS ANALYSED

*

AT a) ar oMAX o NOM O FLEX aRIC
1 7.15° 8.65° - 7.8° 7.8° 7.1°
1 8.65° 10.00° - 9.4° - -

1 10,75° 12.20° - 11.1° 11.1° 10,2
1 14.15° 16.15° - 14.4° 14.4° 13.3°
1 17.90° 18.90° 19.35° 17.7° -

11
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TABLE 6.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 6, WING ALONE (FINAL METHOD),
50°, M = 1.20, ALT = 9053m (29,700 ft)

A =

C.G. ACCELEROMETERS:
VERTICAL..,.. ABO18
LATERAL ..... ABO20

PILOTS SEAT

ACCELEROMETERS:
VERTICAL. .AF009
LATERAL. .,AF010

WING STATION NO, 1l:
SHEAR.......O...Sw123

WING TIP
ACCELEROMETERS :
L/He...,AW001
R/He oo sAW002

BENDING MOMENT..SW124
TORQUEQ..c.....QSWlZS
CASE 6 FLIGHT 48 RUN &
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 49.8° 50°
Mach 1.20 - 1.15 1.20
Altitude 9053m (29,700 ft) 9053m (29,700 ft)
Gross Weight 261,111N (58,700 1b) 261,778N (58,900 1b)

POINTS ANALYSED

*
AT ay a) oMAX aNOM O FLEX aRrIG
1 4,70° 5.50° - 4.9°
1 8.20° 9.80° - 8.6° - -
1 12,10° | 13.70° - 12.4° 12.4° 10.2°
1 13.70° 13.90 15.0° 13,7 16.1° 13.2°

* CLaprex _ opic

CLagye

S FLEX

= 0.823 a5 obtained from Figure 4, Vol. I




TABLE 7.- FLIGHT TEST AND PREDICTION CONDITIONS FOR
CASE 7, WING ALONE (FINAL METHOD),
A=72.59 M= 1.20, ALT = 9083m (29,800 ft)

C.G. ACCELEROMETERS:
VERTICAL..... ABO1S8
) LATERAL ..... AB020 ™

PILOTS SEAT
ACCELEROMETERS :
VERTICAL. .AF009 ;
LATERAL. . .AF010 e
ACCELEROMETERS :
WING STATION NO. 1: L/H.....AW001
SHEAR. +0seseeesaSWL23 | |R/Heuo. . AWO02
BENDING MOMENT..SW124
TORQIIE..'......;SWIZS
CASE 7 FLIGHT 48 RUN 5
FLIGHT TEST CONDITIONS PREDICTION CONDITIONS
Wing Sweep 72.2° 72.5°
Mach 1.20 - 1.16 1.20
Altitude 9083m (29,800 ft) 9083m (29,800 £t)
Gross Weight 274,455N (61,700 1b) 268,673N (60,500 1b)

POINTS ANALYSED

*
AT oy az oMAX o NOM O FLEX & RIG
1 4,80° 4.80° - 4.8° - -
1 8.00 8.80° - 8.1° 8.1° 7.1°
1 11.30° 12,70° 11.6° 11.6° 10.2°
1 14.95 16.75° - 15.1° 15.1° 13.4°

* CLapipx _ ogig
AFLEX

= 0,837 as obtained from Figure 4, Vol, I

13
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Figure 2,.-(e) Pilot seat lateral accelerometer (continued)
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Figure 2,-(e) Pilot seat lateral accelerometer (continued)
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Figure 2.-(j) Horizontal tail bending moment (continued)
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Figure 2.-(j) Horizontal tail bending moment (continued)
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Figure 3,-(c) Pilot seat vertical accelerometer (continued)
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Figure 3.-(j) Horizontal tail bending moment (continued)

119



_ o
A STO078 o STO073 [ 14.6

F-111A YINGS BUFFET RESPCNEZ, FLT.43., RUN 6
VEEP=23 DBEG. NACH=.7, ALT=75350 MITERS. ALPHA=17,1
H, T, PIVOT B=EROING FMI2MENT (M-N)

CIRCLE = UPPER BIUNDS SQUARE = LCwER G3UNDCS
T T
1.9:1')’"1" ; ,'Ji% 2l . i
e =l ":ﬁ;_ . 3 L"E'E‘.:‘ o S ST St A& B it T oy
X E = + e b
€ +—rot o — JOSD T —p
WA : i3 T % 4]
" [ [ Y i
n;_ég $ 1l £ [l | I AENAPYUELY
N P e {©] 9 q Lo b der n
T. t.9u0*? SN b o q S 9o do | oA
~ pr Sy =32 C T 19 o oL
& R [REESTioas e rre e SR o B R PR
; = ieas aun - o o o s oy o &
o FHET T g P'@u i ol
: T d : SEUE T
~ £ s o q PR TIe 3
=z ¢ kR o 8 b ° 7 ;é‘
z' & S 8l ¥ ?ﬁé* :
-~ 1.9x19*? 3 B € 9 R ak
1 — o
b oy s Gl s T =3
1% 3 ps i ol bl
> 1=
- 1o
—t 4 A A
2 liA
bd |
g 1.0’ ?2)io] |o o
3 h s oo — i o et s s s s S e G S s ]
< o i
@ © RN
-
2 ; -
p :
b
& 1.9 il
Fro3-3-8- - =
37— - g e &
E] il gt pu bl iy -
w |~ R 0 Y 9
Q TT
o' T
d -
s’ 77
11 21 * 11 >

FREQUENCY ( HZ )
Figure 3.-(j) Horizontal tail bending moment (continued)

120




(M-N)x02/HZ

POWER SPECTRAL DENSITY

A ST135 & ST118 = 8.8°

AeLT

F-111A WING BUFFET RESPUNSE, FLT.48, RUN 6
SVEEP=26 DEGs MACH=.7. ALT=7559 METERS, ALPHA=9,6
H,T. PIVOT TORGUE (M-N)

CIRCLE = UPPER BDUNDS SGUARE = LOWER BOUNDS

]
4 i
T T il
190197
3 T B o Sou—
. W'
T d AT
-
o 3
', AR 4
++ - -’
a 03
\
t. HA :12-6 b Q’_i': ':.? 9 &
T X — &—: 25
H = P L S
*: 5
Y. d P A
O G )
1.9x9°72 1 g9 lcp A
== I = = = = e
u r’ AS) P Lics. L
hed \2J
H > o b L O
*91 !B H ® e ] -
1.9%19 ot ] d
1 — g o5 <Ff T34
3 Adge 2 r; -
=% ==
b (v}
p vy g
4n to
O
1 uto’”cgg p o q
3 éinﬁ e e s e B
dodo B
1 od
- UI;
] ,Q_JP A
1.9x19° " o
3 G = i SX8 3
50" - :1:'3_.
1 -t
B4
) i
1.aa07 74 B, !
TTE ik
i Jeitd=i= SNt ER SR e B ) = S bk B i B S 3
11 [ 5] 3

FREQUENCY ( HZ )

Figure 3.-(k) Horizontal tail torsion

121



_ 0
A ST135 & STI118 Qprr = 9.8

F-111A wIMN5 BUFFET RESPUNSE, FLT.48, RUN B .
SUEEP=25 GEGs MACH=,7. ALT=733539 METERS., ALPHA=10.7
H.T. PIVOST TCORTUE (M-N)

CIRCLE = UPPER EZURDS SGUARE = LOWER BTUNDS
= T S e S a I N z‘ﬁ.‘;‘ I
f 4 Y SRR W
i 4 + ___“ ‘
1.9m19%% | ',LJ { B
Ji= e i fliorfoimioroid d
3 -+ —r—y— :'.’"/—-‘—r- S .
I <T e T I
- N
1
N A
T 17
SO 3
o E =
® I
: ] !
~ ks
4 8
! 1 <
= oL
h ;"Y..;'» [3) G
> 4 ol 4
= auo"‘"bf‘f_w i) °l P ©
; - r S e = = = =334 54 ——v_T:'*
3 I
& Frfot
o bl
3 t.oma'?]| b
= H-fE11 = S=pas S o 41—
@
o p
(S ]
lﬁ‘_‘ t.oma”
m 3 - j— — — = e e a2
o -
w 1
3 L
[»] 1.9m9° 2 P
a. ~4 kel & [ o e :.—:_—:i i
i g 4 p— - PN g
13 1) Y)

FREQUENCY ( HZ )

Figure 3.-(k) Horizontal tail torsion (continued)

122




(M-N)ex2/H2Z

POWER SPECTRAL DENSITY

118 = 10.7°
a ST135 o ST O g 10.7

F-11TA VING BUFFET RESPUNSE. FLT,.48, RUN B
SYEEP=25 CEG. MACH=,.7. ALT=7559 METERS. ALPHA=11,8
H, T, PIVOT TCRDUE (M-N)

CIRCLE = yUPPER BOUNDS SQUARE = LOYER BOUNDS
toomet¥ )
1 3] SEEL E
- X
] 1
2z
toama®?* i [
s = : SSrSse=r xa e,
< e ) rEba) - N
T . o < & g+ 4
¥ % s ’{
n1 g v d’ L,
t.9m9*? {° ks AT | E e o 3
3 = oS S e e e e s
] . - I
BE.N o
»’} » E Al 1 :
- A ~ p o
1ooma® ] LEFT AL 12]s 299L% . Alld el
¥}=- q'—' X r . s
b - o SH D B g5 T o v
¥ & =1 1819 Y ra
o g% N |75 W &
Beeafrste [ & (T 19 dladdl 14 P
& e ® 44" "W (3 4
1.9m9* P £ g g0 Qo] 19199 49 o °
1‘ ——4 Alew = « 4
e
-y asi TR -
“-’.’:ﬁ - o b | Pl
= o
‘ s}
1.9m9°72f] 4% P al 1% 3Bk
ke o o 3 v, =
]
] b4 (o )
] e
1.9x19%7
3 L
D
1.9119°?? o
L
1.9m9° %
—3= ik
e b G S
—f-+
Y) Y} 3

FREQUENCY ( HZ )

Figure 3,~-(k) Horizontal tail torsion (continued)

123



_ o
A ST135 o ST118 Opir = 11,8

F~111A WING BUFFET RESPUNSE, FLT.48. RUN 6
SWEEP=256 DBEGs MACH=,7. ALT=7559 METERS, ALPHA=12,8
H,T. PIVOT TCROUE (M-N)

CIRCLE = UPPER BOUNDS SGUARE = LOWER BOUNDS
1.9 | | 1] |
t.ama*?t .a & ||
E o } 3
A e Jiagi
b - —1 ol )y .
|1 r P s ©
y : B EURPW £t >
A 2 S K b
1.9m9°7° A £ k14 &
3 AN E==a5 ==  EEEERE
J, F o i o
P - -
£ X 14 15 e
~N 1.9x10%% 49 q 2 >, PR h D [a
{ SREFASSSE e e et e o e S 2
N ‘7 \ s:;—‘ e q — o} 4 = y; N
b ] ﬁ‘r&‘: [ 1ol 9a N 3 & ;N
- NG )
~ 1’ peo 1Y 2\ Plol | & ks 7. \
2 i =S = 5
- 5y o 3
) A 9 b (<]
HERg
> t.ams*?p S d
- e de =S St
— 4 - 5 T
m p
3 T
5 ‘!% 8 q
O yan*Mid | b q
3 3 == —t={—
2 3
14
- (4]
[&)
W 1.9x0*?”
& E ESEERE
v =8
[+ 4
5
0 1.a7”
& | SSSSsSeSESSSsE=SEER
19 Y 1Y)

FREGUENCY ( HZ )

Figure 3,-(k) Horizontal tail torsion (continued)

124




(M-N)*#2/H2

POWER SPECTRAL DENSITY

A ST135 o ST118 o = 14.6°

F
S
H
c

FLT
11A WING BUFFET RESPCNCT. FLT.4AD, RUN 6

-1
ZEEP=23 DEG., MiCH=,7e ALT=7538 EZTERS. ALPHA= 17,1
. T, PIVAT TCRTUE (M-N)
RCLE = UPPER BCZUNDS SJQUARE = LOWER GJUNDS
1m0
. &
1.9119°7¢ "'
= 3 .'3_
| A
1.9m9° 7% !
; 3
] St
1.9x0%% o
34 . FE
i A
Q.
t.axw"’{ _ -
1.9x5° 7240 _
&1
1.9115"")‘:0 8
3 < fanbiolig fume pev flpmp gy guth Sliou vum g oy S sy :* ol :__.j 54:——— E“ :'._' _'P
s
% E1<p
aa‘rja e 1
t.oan’ ]
t__'_ 3= A A iy B Jand Sl ek, s olibong fu R Juplk ombulil fpeé g ' - L .
3 =35 = e R
—1® +—g—
9 0 +-¢
t.ama” ] o
Y) ) »

FREQUENCY ( HZ )
Figure 3.-(k) Horizontal tail torsion (continued)

125




A AW001 <& AW002 = o
Qe 8.9

F-111A WING BUFFET RESPONSE, FLT B1. RUN R227
SWEEP= S0 DEG., MACH=.85., ALT=2382(M}, ALPHA=8,9
WING TIP ACCELEROMETER

CIRCLE = UPPER BOUNDS SQUARE = LOYER BOUNDS
e R
doa i |- T
MEAN ° b 1 40
°
s.ems”0 B | \° Pt e |s] 1
z i 1< ~ir
e A A £
t s ~ o A
3 % i i —— P
° 9 % N\ N o
b, po p a a lo
t.ome™® DRpd P >cn D q %r’? a b &
Fom e W‘—“l“\“:.__, S :,_‘-!— Z i gl 52
S ey SEE -
O G LA 1
f Ly P r/ = TIKQ“Z} S
9 q |o ] q
s.0m0}] 4 4 5 o| |o - °l o of ° %ﬁ.
b = == = ittt 8 ¥ oy
%} ¢ o
P1OTPP P91 1YY B
lil b? <Y
i [
~N s | P b p o cé
(:, (L L ¥ . = '1 Al doh e
* - 5 >
—~ I o
g : 5
° O¢
1.0m0°%
> I 3
- . 5
Y " . 3
w kd )
P4
LS )
O s.euc™” . d 3
_’ o
<
[« 4
-
o e
w F1TH
& t.om0
(2} o
W
= o 9
8 L T
B e :
Y] "M )

FREQUENCY € HZ )

Figure 4.- Power spectra for
Case 4, total airplane (final method),
A=500, M=0.85, alt.=8382m (27,500 ft)
(a) wing tip accelerometer

126




A AWOO1 © AW002 o =11.1°

FLT

F-111A WING BUFFET RESPONSE, FLT 61, RUN R227
SWEEP= 50 DEG., MACH=,85. ALT=8382(M), ALPHA= 11.1
WING TIP ACCELEROMETER

CIRCLE = UPPER BOUNDS SQUARE = LOWER BOUNDS
K3
o‘ l‘ot
. > 4 .
s.0m0”" & E; P:o'& =
s - 3 e ET = e
I {C\( : 1 < H % o~ ",‘ 4
i R M sy [ b, 1 o 1% P
c? NP é. ¢ W é—%& %
b
1.0m10° % él&, q /&(’ j’) 214 : b __%:.9 .
= = oak S e
N2 .unc VY 2P o N $.°D‘—E
EERESmA: s te
4] ‘ 3|5
b 18191 lo o) 2 o] [9/8 ’r ]
St bag L gelaoe | ol dd]
~N G o) L3 u]ﬁ °
z Tis = 3o 110
~ 127 Y G 5 &)U Bk | 3, =
h“ N y ¥ 3‘ o
* [ o & b [~} -] o
Py 300107 0 L = 0T b o d
s
)
> b g Q
= NEEEED ‘ |
‘;_"’ s.ox0-%] o 1
[17]
o o
2 ” '
x
O 1.emo® 4
w e
a
(7]
o
5
q
2 e - NENEENEEE
" 1 e

FREGUENCY € HZ )
Figure 4.-(a) Wing tip accelerometer (continued)

127



F-111A VIMNG BUFFET RESPONSE. FLT 61, RUN R227
SUEEP= 50 DEG, MACH=,C5. ALT=33C2(MI. ALPHA=]14 .4
VING TIP ACCELERGMETER

CIRCLE = UPPER EOUNDS SQUARE = LOYER BOUNDS
- 1
lvv i
" PN |
(8 LIRS I
GE YR
L] R B3 “ ¢
R o I4% i3
- o 3 4 h
1.0x10"%! a1k R |44 X '(k 0 1A TEN
_:::::‘;\V_ e o £ ~ j'n = N
o W A Yy ok U P A8 TN VI 1 ke
s < N
T NN L AN ‘ =T
CHRHE S &
IEDV NP ‘&?3—%- FAUSFUNERPAP
Holtd b
-0¢ /
1.0x0708 | y, y J op 1€
32 = ~ Eet At Ay
4o : Yy 5
D | o 0 U' :g$ hn o I et
';C‘ o ol PRI T q 3 |€ o
\E O j=
‘}J o o ° o q oo o o
ox10
: 1.0x & Y ;,--A::f MMA.} G
) I T T
8 1= : 4 2 [) ‘L—I'—'L’ 7
- . OD A oY,
1% 10 p
Jih 0 o q
> ) R 9
- o d o b op |0 9
. o N o P
:n‘ 1.0xs07%¢| 4 ~ P o q
z ——'eY T \%4 AS
V1] © o 7
(= n o] [A]
- of?8 o O]
<
[+ 4 k P
- -
O t.oae®ld
m Y
[+
b c
= o
= q
o q
a. 1.0v10°"
10 ) 3

FREQUENCY ( HZ )
Figure 4.-(a) Wing tip accelerometer (continued)

128




(Glan2/HZ

POWER SPECTRAL DENSITY

ABO18 = 8,9°
& AB c!FLE 8.9

SYM F-111A WING BUFFET RESPDNSE, FLT 61, RUN R227
SWEEP= S0 DEG. MACH=,85., ALT=8382(M). ALPHA=8_ 9
C.G. VERTICAL ACCELEROMETER. FS = 529

SQUARE = 1 DOF A = 2 DOF CIRCLE = 14 0OOF
B 1
&
o | |§8
1
-04 ° ° ?3 o {°
1.0119 o ~_f__f
tom e e =
[*B A9 ! )
© 0y 4 st
) 4 - > AAREAN &
o b ’(\,*‘1‘—
b 1% ol | ©
b o b [
'L iad ° ?
o it —_ —
e re o
q d 7 <."Jf
N o 15 s &
Y
PPN, X RSO RD | I U P
\ ol ¢ 2 ;s ry IRYP
- o
PRI ad 7 {3 =3 Qe o rRrRd R
-l e ey e vy PR — L
N N :
S 154 Wl 8 PO S - T < e
| 24 2 nYg \ ho
D o2l11°? PR @
JIPCEEINEEEEY A
. 3} P K
1.0u0? 3 by 24 '
IS E N SR E S :
A~ .
oy A N
,_\_f ! 4 -~ ¢ - j
i =\ o] ©
2 (DAY l.d_d
Ar 40 g
1.6xs0° %%} B [ % of 2t Al A
4 - Ree e ;T I s
= ? et oo
i 2 P v
i1z FYRZLEW R W Pha B b
5 ol ) A ”
b ) 10
-3
o ‘ikol‘— a )
- o
1011070 o o b
‘U'\‘ - —
1 —t — {4
1 =
X
e
. A
1.0me”1® 5
1. ] YO

FREQUENCY ( HZ )

Figure 4.-(b) C.G, vertical accelerometer

129



o
ABO18 Qpyp = 11,1

SYM F-111A WING BUFFET RESPGNSE. FLT 61, RUN R227
SVEEP= 50 DEG. MACH=.85., 'ALT=8382(M),ALPHA= 11,1
C.G. VERTICAL ACCELEROHETER. FS = 529

SQUARE = 1 DOF A = 2 DOF CIRCLE = 14 DOF
1.ous™®
r.'_-l:
9 L.
DR
Hld Nl O] 14
) s 1T A 4 4 A
oo
b q
1.0mp07% b 4 4 ‘i» _ o
5 S y. N >
2 To 4 p i
TRy a r o
© 5 50, Iy p
° of PI'I, N d o
\*4 b O
) ‘: MR F o ’Do b
) 49 p ol i~ >
7 L.
“""*%gﬁggx R Ad ¥, éyva\/@ ﬁi:LL 4
~N e R e o 510
I :?T?v e s i & o8
o~ 'c,glo RN 0:, b -
[ ] K ) + ',.:l—’
e ° A ) A q JJ\‘.:C“'q
8 o [5]¢3 ;:, KR
jo =13 ) ¢ 5 4
~ 1) o |08 9] 34
1.0%0 . ',;jj L pEEEe ,__:‘
> R A 1 o s = weN s o &
> g A ;0 P B TR Bt L%
— 2 > f.a Y N T a1
g 6. );_ P - Y
w ? P EJ 9 t) P ’i‘
o ?le fo
o1 by Al »
é $.0M0 2ln °
o5
o 47 *
(&) ] [
o
w b
] %
= 1.eme™" 4
o —]
a. 1
.
1 T M)

FREQUENCY ( HZ )
Figure 4,-(b) C,G. vertical accelerometer (continued)

130




o

o ABO18 QprT = 13.1

SYM F-111A WING BUFFET RESPONSE., FLT 61. RUN R227
SWEEP= 50 DEG, MACH=.35, ALT=8332(M).ALPHA= 14,4
C.G. VERTICAL ACCELEROMETER, F§ = 529

SQUARE = 1 DOF A = 2 DOF CIRCLE = 14 DOF

‘ 3
4 $
s.ame™ P
nh ;- >
2% S1aPT
°p o ofaP
b |
o 3 Fore Oh P
b 1o q
ol0og o D, o
q
1.0mp” of oI ﬁ’r, 28 o £ _,§
- N re N
) i e
2 ~ i Ad n_10] ]od
S I [°) q d lo 2. o
1:1% % o o °1_1°
v
x4 p 8, 9] R of | | b
T ] 1l RE
~ reme™ SV S b NEV.NEY IND LYV
= - - 1
* =g 1)
L Y
o ol 92 Y ~
~ AEN (%) ) ljé‘
T «J] Ea ) i
. LR : g RANEER ¥
°l & o - - | ~J 5
— b P ‘qa -_"l 1 '_‘.-’\J iy o E é'\_ "‘Q‘ ;
= s.omett|| P Rt LON K Srb P p 3 T pane
w0 ; - =) < =% AL
z Ty * ] . 5o &
us o) 2::7 ;——__A_{
a LR RO
b Mgt S
21 5 REE
: ‘ :
Q
'd"_‘ 1.0mp”%" A
w
o
w
g 2
a.
1o -
18 e ”"

FREQUENCY ( HZ )
Figure 4.-(b) C.G. vertical accelerometer (continued)

131




- (o)

SYM F-111A WING BUFFET RESPONSE, FLT 61, RUN R227
SWEEP= S0 DEG. MACH=.8S5. ALT=8282({M), ALPHA= 8,9
PILOT STATION VERTICAL ACCELEROMETER, FS = 255

SQUARE = 1 DOF A = 2 DOF CIRCLE = 14 DOF
s.ous”® ), 1 4
o '1’—[1)‘:
g, L
v . U
N q
° 3
1.8x187% P P 0
A% <6 < \[
o % o o Y]
S 19 al}
$ © 2
o 0 Y
1.03e” "3 9 14 L d> 2 <>§3 349
A i’> oW e ¥ == . 52;” X X >
0 U__
1 < [2 ]
BPN 4 1 &30 4
f2 5 £ ~ b { P
o 3 b >
¥ L . SRR
i o[} sis 3
~ ls +3 ~ "EA q
-081 10 0 J7 @
(;l 1.0180 __O_,,_J__ﬁ .{}r__LU(: - °
: -\f\}: ¥ B e | \ ©
£ ] —
)8 v N 29
‘3 ANAEANR N g 11 AT T VYR A
A e T PR T RS (] WAL ALA ]
> 1a o |45 m“.i T
- 1.0m0”" b 1ol o 101 4P o
‘(;; =2 T A% — |
Z 18] o4 . 3 L3 4 A
L ° 111 2 ¢ 3]
o 9 1 O I 2N [ Lol
. \Y g N3 AR y 3 |9 ¢
< ° “q 2 o 01 ¢
& e P ° P (% by 19
= e R TR e
w o
o 9°1Io LI A b
(73 0 ] x 0/ o
(o4 p 10 f ,!P ul:l °
Y . SR
o t.oms”® o o o
a © o o
1 L -
R} ) —
(- 1
) 2 )

FREGQUENCY ( HZ )
Figure 4.-(c) Pilot seat vertical accelerometer

132




(GIxr2/HZ

POWER SPECTRAL DENSITY

o AF009 = 11.1°
ELT

SYM F-111A WING BUFFET RESPONSE, FLT 61, RUN R227
SWEEP= 50 DEG. MACH=.85, ALT=8332(M),ALPHA= 11,1
PILOT STATION VERTICAL ACCELERGMETER., FS = 255

SQUARE = 1 QOF A = 2 DOF CIRCLE = 14 DOF
€,
b
o
1.0me7% Al
Y i 9 ] g
) N o o D A k
31211970 o o| o‘\§‘ ;\.‘ X
LN B b 1 %_ \&_;
1.exs™? Mg 4 o [ Db 1o i »._13_}‘\
» = :: :3‘7_'-:‘ A
,:(f ., 1-‘,;:; 3
A . o
113D PlY Ya PN
Ay [} ¢
-85 ¢ Q [} -] <> <> d> D
s.0x87 9 9 | o “pte -
RO i ¥
D s &
N Y
A TTFIReL AL
" ° 158 Jhd
1.omp70* A o %:?:jt% Jf p
= i e e 3
n o L S >
N A 2
4 7.2 PR [ 43
K IR 3 A
5’ W a
1.0m0°" “l ‘:i =1
Y ) -
o
NE
A
1.0mp0t p
©
'y
AL T S s
" " ) )

FREQUENCY ( HZ )

Figure 4,-(c) Pilot seat vertical accelerometer (continued)
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Figure 4.-(c) Pilot seat vertical accelerometer (continued)
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Figure 4.,-(j) Horizontal tail bending moment
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Figure 4.-(j) Horizontal tail bending moment (continued)

154




A ST078 o STO073 = 13.1°

apLT

F-111A YING BUFFET RESPONSE. FLT 61, RUN R227
' SEEEP= 50 DEG. MACH=.CS. ALT=8322(M). ALPHA= 14,4
H.T. PIVOT ESKDING MOHENT (M-N)

| CIRCLE = UPPER BGUNDS SCUARE = LOVER BOUNDS
g Sunl
op
1.0510°"¢ g { SR
o A +
< ! )
AN A..‘s Vk
h Y - 3 i
r 1.0050°" § b_ﬁ{ fé p o 9
| e e e ‘
i - . ~ =
A T ] : s
3 AT el A 7 T T
P 10 9% Y. d ol f SENFEAN A i
{ 0 y O O i 2
1.0%10°04 <>\¢ alPi A%_Aic g 4 1?‘ §A° e(ﬁi@ [,
N - 3L o= g = : 3 S
X € ~ z S - A »)
~ P P ) A 1
N 1o Ll o »d q,
: 4 ) i o ’(1 «q 1° 0§~ 5
z i Sl T TFa ] [E8[ 1
Z' 1.om0°® 2 o _fof B o710l &
x 3 o ??‘ ™
L }; N —— - * ;’\u?
b T o 124
> ‘_al‘oo IR P
o tome®* i o{q| o
z X
m ry
o 4
2]
é 1k
@ 9
= 1.0m0'" ! q
Q
w
Qa
w
e
' o
g s.0m10°"°
Q.
1. 2 30

FREQUENCY C HZ )

Figure 4.-(j) Horizontal tail bending moment (continued)
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Figure 4,-(k) Horizontal tail torsion (continued)
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Figure 4,-(k) Horizontal tail torsion (continued)
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Figure 5.-(a) Wing tip accelerometer (continued)
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Figure 5.-(d) C.G., lateral accelerometer (continued)
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Figure 5.-(g) Wing bending moment (continued)
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Figure 5.-(j) Horizontal tail bending moment (continued)
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Figure 6.-(h) Wing torsion (continued)
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Figure 7.-(a) Wing tip accelerometer (continued)

209




A AWO01 O AWO002 o

o
FLT 15.1

F-111A VING ALONE BUFFET RESPONSE. FLT 48, RUN S
SWEEP= 72,5 DEG., MACH=1.2, ALT=3083(MJ). ALPHA=15,1

WING TIP ACCELEROMETER o
CIRCLE = UPPER BOUNDS SQUARE = LOVER BOUNDS
X ; ' N
{) »
L y ( \ u
YJUNRFIRY HoP O 1 PhAOA Y
1.0 107°F b o \A‘ &l Al |6 #
F1 = SN S PR ST i =
/N \ I S et A
A AGA S A AR S
U S % L o v1 1€ 4 DERBASIN
of [ [- X 2 b lo 9 N / i
=] 4 o b o \00 L{ 01451
omo B PUA Al 10| A | Advt [deh z\NyJ\é Sllogl Lo |7
3 — i g iy o fve G o Bl duie
ofT :!‘ !q.-—‘:—'r—' é’ a2 1
L 15 g ng”‘—oa ¥ 1
LA 1% ] o ) >
{& F ’ZS‘E_L o] 979% do
LA o] T 5o 1 Stelg
1.0x107%¢ i? ) b 1o q_ n,
GEER HEmet et
N e, 13815 a
N ot I - : ? 5|
Dy - [ 5T 1% o
® b = o p
o 1-ou0™lp 9 o p [ 9,9 p
S S EEREEECEBEEEaEE E=c
) 2 o -.
> e a g o
: o v} % [-
0] (X o q
S 1.om0™ I p hd
o o —— —{3 — 133 ot o -
; =
<
[+ 4
-
[ ]
‘&" 1.0x007%7
u, s St e fmaty by el e o 4 bl Pine «F s S -yt S-St g g St —
[+ 4
w
§ a
1.0x107%% p P _ _
R T ESeEe=
T3 - 7 41443
10 20

FREQUENCY ( HZ )
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Figure 7,~-(c) Pilot seat vertical accelerometer
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Figure 7.-(c) Pilot seat vertical accelerometer (continued)
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Figure 7.-(c) Pilot seat vertical accelerometer (continued)
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Figure 7.-(d) C.G. lateral accelerometer (continued)
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Figure 7.-(d) C,G, lateral accelerometer (continued)
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Figure 7.-(e) Pilot seat lateral accelerometer
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Figure 7.-(e) Pilot seat lateral accelerometer (continued)
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Figure 7.-(e) Pilot seat lateral accelerometer (continued)
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Figure 7.-(f) Wing shear
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Figure 7,-(f) Wing shear (continued)
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Figure 7.-(f) Wing shear (continued)
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Figure 7.-(g) Wing bending moment
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Figure 7.-(g) Wing bending moment (continued)
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Figure 7,.-(g) Wing bending moment (continued)
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Figure 7.-(h) Wing torsion

229



230

A SW125 o = 11,6°
FLT

F-111A WING ALONE BUFFET RESPONSE., FLT 48, RUN S
SWEEP= 72.5 DEG. MACH=1.2, ALT=9083(M), ALPHA=11.6
WING TORQUE (M-N) AT SPAN STATION 75

CIRCLE = UPPER BOUNDS SQUARE = LOWER BOUNDS
[0
1 A
b1 1P
o] b °
1.0x10°% g, 2 % 2
i o B S o e R S RO e = 4 ik S EactiN
g e S\ e o ) . .
- H‘w‘.\qq__ A=
MIANRT VR RN R e AT
ol PN [OI% 1 (&~ ¢ P LA . d
> | P 5’;"[‘50 é‘:,‘"AA
1.0x10°%¢ Cle bl Plol PP g |4 9
b IS s R B s S Rl bl St S o T s i 1 —
C{»——- o s j_‘ = * TN AN
3 I W i SAbg
[ o 9 o5 1.
; NS [ 4 g v D“_‘ﬁ:\
1ol g Yol PLEI9Td lod s ° N
s.0x10°%|lo o2 pobo 4 lel 19 \“‘5
H I3V =4~ - Ce—q- BB et = L T —4— <
~ e e BT 2]
X %o % _ 1o h o~ u
R . ay.
0 3 o] 14 ' o o
- o o | @ - =
~  g.0x0%0% a o[ 114 qd o ol
zl ; Y R s s ol B e o S
T 1S 3 I ol
it e 9 al °
ot ) a
> b
: t.0x10%%" g g p| 0o d
[7,] 3 —— s by b g E :j‘ 311 - e
tl; L_ 5-F {d-] oo
[=]
2
@ 1.0x10%%° e
- 33 = S PR g [ s o B Tl S m o B e
S SEEEsE :
a
w o P
[+ 4
';’ 1.000°% y
[>] 1313 i Gamin gl M pis G g il Sl Sugs S-S Gl Sets iy il Sl Sr-Sundl s S -G Pomateuts Suedivhatid
o S e S E 3 BE a553EH=E
- 41—
i
] v
% ) Y]

FREQUENCY € HZ )

Figure 7.-(h) Wing torsion (continued)
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Figure 7.-(h) Wing torsion (continued)
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