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SUMNMARY



A detailed investigation of the flight buffeting response



of the F-lIA was performed in two phases. In Phase I



stochastic analysis techniques were applied to wing and



fuselage responses for maneuvers flown at subsonic speeds and



wing leading-edge sweep of 26 degrees. Power spectra and rms



values of response were obtained for­


(1) vertical accelerations at the wing tips, the



center of gravity and the pilot's seat,



(2) lateral accelerations at the center of gravity and



the pilot's seat,



(3) vertical sheat, bending moment and torsional moment



at 4 spanwise locations on the right variable sweep



wing panel.



In Phase II the analyses were extended to include maneuvers



flown at wing leading-edge sweep values of 50 and 72.5 degrees



at subsonic and supersonic speeds and the responses examined



were expanded to include vertical shear, bending moment, and



hingeline torque of the left and right horizontal tails.



This volume presents plotted power spectra for all



of the flight points examined during the Phase II flight data



analysis. Detailed descriptions of the aircraft, the flight



instrumentation ardd the analysis techniques are given.
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Measured and calculated vibration mode frequencies are also



presented to assist in further interpretation of the PSD



data



The major conclusions of the investigation are:



(1) The structural response to buffet during moderate



to high-g maneuvers is very complex. Many natural



symmetric and antisymmetric natural vibration



modes (and perhaps asymmetric modes) can be



excited to significant levels of response.



(2) An array of different types of sensors and loca­


tions of the sensors is needed to adequately des­


cribe the structural response during buffet



investigations.



(3) 	 The modal content of the response varies with



sensor type and location and also can vary with



angle of attack, wing sweep and Mach number. The



variations in modal content are attrituted to the



variations in the spatial extent and phase relation­


ships of the separated flows.



(4) At low wing sweep there are significant differences
 


in the variations of rms response with angle of



attack for different Mach numbers. The largest



magnitudes of response were measured during flight
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conditions where shock induced flow separations



were present.



(5) 	 In general, the 'risein rms response with angle of



attack becomes smaller as wing leading edge sweep
 


is increased.



(6) 	 The buffeting loads on the wing are small relative



to the maneuver loads at the most inboard measur­


ing station but become larger near the wing tip.



The larger relative rms values of response near



the tip are attributed to higher frequency modes



and thus should be considered important from a



fatigue standpoint with respect to secondary



structure



The data obtained in this investigation were used to



help formulate and evaluate a method of predicting buffeting



response which uses wind tunnel measurements of the fluctuat­


ing pressures on a "rigid" wing as the input forcing function.



The entire investigation is documented in eight reports



which are listed below.



Benepe, D. B., Cunningham, A. M., Jr., and Dunmyer, W. D..
 

An Investigation of Wing Buffeting Response at Subsonic


and Transonic Speeds: Phase I F-lLA Flight Data Analysis.



Volume I - Summary of Technical Approach, Results and Con­

clusions, NASA CR-152109.



Volume II - Plotted Power Spectra, NASA CR-152110. 


Volume III- Tabulated Power Spectra, NASA CR-152111
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Benepe, D. B., Cunningham, A. M., Jr., Traylor, S., Jr.,


and Dunmyer, W D.. An Investigation of Wing Buffeting
 

Response at Subsonic and Transonic Speeds- Phase II F-lIA


Flight Data Analysis.



Volume I - Summary of Technical Approach, Results and Con­

clusions, NASA CR-152112.



Volume II - Plotted Power Spectra, NASA CR-152113. 

Volume III- Tabulated Power Spectra, NASA CR-152114.



Cunningham, A. M , Jr., Benepe, D. B., Watts, D., and


Waner, P. G.. A Method for Predicting Full Scale Buffet


Response with Rigid Wind Tunnel Model Fluctuating Pressure


Data.



Volume I - Prediction Method Development and Assessment,


NASA CR-3035.



Volume II - Power Spectral Densities for Method Assessment,


NASA CR-3036.
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SYMBOLS



Note: 	 Quantities are presented in the International System of


Units (U.S. customary units in parenthesis). The work


was performed using U.S. customary units.
 


b wing span - m, (ft)



B.M.DES design value of wing bending moment, N-m, (in- Ib)



c.g.,C.G. "center of gravity"
 


f, frequency, hertz
 


fo spectral base frequency or analysis bandwidth, hertz



FZ wing vertical shear as measured by strain gages -

N, (lb)



g gravitational acceleration
 


M Mach number



MX Wing Bending Moment as measured by strain gages N-m,


(in - lb)



MY Wing torsional moment - N-m, (in - lb)



nmax maximum maneuver load factor - g's



S theoretical wing area (leading and trailing egges o


swept panel extended to airplane centerline m , (ftf) 

T 'length of input frame in spectral analysis - seconds 

T1 start time of interval for spectral analysis - seconds 

T2 stop time of interval for spectral analysis - seconds 

AT time interval used for spectral analysis - T2-Tl,sec



VDES design value of wing vertical shear, N, (lb)



y lateral acceleration g's



z vertical acceleration g's
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SYMBOLS (Continued)



aindicated angle of attack referenced to wing manufac­

turing chord plane



deg.
0tmax maximum indicated angle of attack ­


nominal angle of attack representing time interval 
AT



anom 
 

0 1 indicated angle of attack at time TI, deg



Aa increment in indicated angle of attack during time


interval AT, deg 

.8 indicated sideslip angle, deg 

- g, rms o a value of acceleration fluctuations
rms 

maximum rms value of wing vertical shear fluctuations -

Vmax N, rms, (lb, rms) 

maximum rms value of wing bending moment fluctuations 
4'"max N-m, rms, (in - ib, rms) 

WT average rms value determined from power spectral 

analysis 



L 

ABBREVIATIONS



Alt altitude 

Asym antisymmetric 

B.M. bending moment



Cross-PSD,XPSD Cross power spectral density



dB decibel



Dyn Press dynamic pressure



FM frequency modulation



Hz hertz


hor,hori horizontal



in-lb, IN-LB inch-pound



inb'd inboard



left'



lb,LB pound



L/H left hand



LWT left wing tip



m meter



N -newton



N-m,N-M newton-meter



outbd outboard



P.S. pilot seat



PSD power spectral density



R. right



R/H right hand
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ABBREVIATIONS, (Continued) 

root-mean-sqarerms 

RWT right wing tip 

Sym symmetric



TOR torsion 

W.S. Wing Station for strain gage measurements





SECTION 1



INTRODUCTION



A detailed investigation of the structural response of



an P-lIA aircraft to buffet during moderate to high-g maneu­


vers was accomplished in two phases. In Phase I (References 1,



2, 3) the response characteristics with the variable sweep wings



set at a nominal leading-edge sweep of 26 degrees were examined



for the' seven maneuvers described in Table i.



Power spectra and rms values of response were determined



for 19 different measurement items consisting of vertical ac­


celerations at the wing tips, the center of gravity and the



pilot's seat, lateral accelerations at the center of gravity



and the pilot's seat and vertical shear, spanwise bending moment,



and torsional moment at 4 different spanwise stations on the



right wing.
 


The conclusions reached from the Phase I Study were:



(1) The structural response during buffet is very


complex. Many natural vibration modes both


symmetric and antisymmetric can be excited


during a maneuver in which flow separation


occurs on the wings.



(2) The spectral content of the response varies


with the type of sensor, the location of the


sensor and in some cases with angle of attack.
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Table 1


PHASE I FLIGHT MANEUVERS 

FLT RUW MANEUVER 
WING SWEEP 

DEG MACH 
NOMINAL FLIGHT CONDITIONS 

ALTITUDE GROSS WIGCHT 

48 
 6 
 Windup 7hrn 
 26.6 
 .70 
 7,559 m 
 294,472 N

(24,800 ft) 
 (66,200 lb) 

77 
 S&C-R 
 Windup Turn 
 25.6 
 
.... 
 

.80 
 6,035 m

(19,800 it) 
 266,004 N


(59,800 lb)


I­
78 
 5 
 FulIup 
 26.2 
 .80 
 3,780 m 
 

(12,400 ft) 
 
327,389 14

(73,600 1b)


79 
 9R 
 Pullup

E ater 

26.7 
 .80 
 
-

1,494 m 
 
(4,900 ft) 
 

323,386 N

(72,700 lb)


60 
 10 
 Roller Cosoter 
 26.6 
 .87 
 8,382 m 
 307,817 N

,,, 
 (27,500 ft) 
 (69,200 lb)


78 
 4 
 Prulup 
 26.3 
 .87 
 3,688 m 330,503 V


70 
 2 Eiollup 26.8 86 
(12,100 ft) 
1,494 n 

(74,300 lb)

32,800 U 

= (4,90011 (73,800 lb) 

z




(3) The variations of rms values of response with


angle of attack can be quite different for


different values of Mach number. The largest


measured responses occurred under conditions
 

where shock-induced flow separations occurred


on the wing. Irn particular the torsional re­

sponse was significantly higher than antici­

pated on the basis of previous buffet studies.



(4) The magnitudes of the wing bending and wing


shear responses at the most inboard measure­

ment station are small relative to the maneuver


loads. Near the wing tip the buffet loads are


a much larger percentage of the maneuver loads.



(5) Horizontal tail vibration modes appear to make


significant contributions to the fuselage re­

sponses.



In Phase II the structural responses at nominal wing



leading-edge sweeps of 50 and 72.5 degrees were analyzed.



Vertical shear, bending moment and hingeline torque at the root



of the left and right horizontal tails were analyzed in addition



to the 19 measurement items examined in Phase I. All 25 items



were studied for six maneuvers listed in Table 2. In addition



the horizontal tail responses were analyzed for two wind up turn



maneuvers from the Phase I study as listed in Table 2.



Volume I (NASA CR-152112) summarizes the Phase II investi­


gation in detail. This Volume (NASA CR-152113) presents plotted



power spectra for all of the flight points and instrumentation



items analyzed in the Phase 1I study. Sufficient information



about the aircraft, the flight instrumentation and the analysis



techniques is preseited to allow the reader to perform additional
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Table 2 

PHASE IX rLIGHT MM4EUMVES



Nominal Flight Conditions


Flight Run .laneuver Wing Sweep -­ ac Altitude Gross Weight 

61 R227 Windup Thlrn 49.1 .80 8,382 m 330,948 N 
(27,500 ft) (74,400 ibs) 

51 S38/150 Slowdown Turn 49.5 1 25 - 1.13 10,912 m 278,903 N 
(35,800 ft) (62,700 Ibs) 

48 4 Windup Turn 49.8 1.20 9,053 m 
(29,700 ft) 

261,111 N 
(58,700 lbs) 

48 7R1 Windup Turn 72.2 .89 7,559 m 265,559 N 
(24,800 ft) (59,700 ll6) 

48 5 Windup Turn 72.2 1.20 9,083 m 274,455 N 
(29,800 ft) (61,700 Ibs) 

59 S132R Slowdown Turn 72.2 1.31 ­ 0.96 8,382 m 
(27,500 ft) 

274,900 N 
(61,800 ibs) 

77 S&C* Windup Turn 25.6 .80 6,035 m 266,004 N 

IV 1. (19,800 ft) (59,800 lbs) 

48 6* Wfrndp rn 26.6 .70 7,559 i 294,472 N 

a (24,800 ft) (66,200 lbs) 

phase I Selections 



Volume III (NASA CR-152114) presents
analyses if desired. 
 

tabulated PSD data.



13





SECTION 2



AIRCRAFT DESCRIPTION



The test aircraft was F-ll1A Number 13. A drawing showing



the general features of the aircraft is presented in Figure 1.



Detailed geometry associated with the aircraft and its compo­


nents appears in Table 3. The aircraft has a variable sweep



wing and a convention was adopted early in the development pro­


gram that all aerodynamic coefficients would be referenced to



geometric characteristics at a specific wing sweep, namely,



ALE = 16 degrees. The variations of some key geometric charac­


teristics of the wing with wing leading-edge sweep angle are



presented in Figure 2.



Although the aircraft is fitted with a high-lift system



consisting of multisegment leading-edge slats and multisegment



double-slotted trailing-edge flaps, these devices were in their



retracted positions for all maneuvers analyzed in this study.



Two-segment upper surface spoilers on each wing are used
 


at low wing sweeps in addition to differentially controlled



all-movable horizontal tails to achieve roll control.



The aircraft has a three-axis stability augmentation system



which was operational on all maneuvers analyzed in this inves­


tigation.



14





FOLDED SPAN 

0­ oo o(31.95 
9.74 m 

ft) 

to 

OVERALL SPAN 

OVERALL LENGTH 
22 39 m _ 

OVERALL HEIGHT 
5.i9(17.04 mft) 

Figure p-11A THREE-VIEW 



DJRLGINAI: PAGE IS03 P2O)k QUALITY 

TABLE 3 
RYMSICALC1ARAC7ERIST!CS oPr £



F-lIlA AIRPAE (h1UU 13)



Win; -
Airfoil section. at pivot R6CA 64A210 7 (odtfIed)*

Airfoil section, tip CACA6AA209 8 
 (rodifid)*
 
S.ap, deg (leading edge) 16 to 71 5


Incidence, deg 1


Dihedral, deg 1


Spa.,area, tn erodynarl. chord (Bea.fig 2)


teadi.g-edge slat.



2 2

Ate (pienfor projected), fr (. ) 60 7(5 6)

Span percent of expo.d ing-panel sp 96 5


Deflaction, naxijm, dog 45



Treilin-.dge flaps


Type ±oublo Slroed 7"ter
2)  
 Area (aft of himge line), fit',,
 117 8(10 94)

Span, percent of exposed ing-pane. epan


Deflaction, c.axm, deg 37 5



Spoilers 2 2Aree (planforn projected), fr ( ) 28 6(2 66) 
Span it(s) ,11 8(3 6)


Deflection, axion, deg 45



Wing pivot
Distence irom kirplan r..., ft() 40 18(12 23)


Disance irom airplane centerlin., ft(c) 5 86(1 79)



florsont4l tail (a1 eovabla) -

Airfoil section 
 BSXNVM


Ircidenoe, deg 1


Dihedral, deg *1


Sweep at leading edge. deg 37 3


Span, ft(o) 

2 29 3(8 93)
2

Ata (evxpsad), ft (. ) 174 3(15 74)
Area (=erble), f,2(.2) 154 2(13.92)


Aspect ratio 1 42
Mean aerodynamic chord (exposed), in (tm) 137.3(349.3)


Dflaction, =tximn, dog


AaSelevat or.


trail~ng-adg. up (approx) 25


Trailing..ede don (ap.rox) 10
AS ailerons (total) (approx) *13


Surface stope

Evaflin-adge up (4ppox) 31 
Tr.ilin-.de down (ap" x) 16 

Vertical tail -
Airfoil section 310VN


Sweep at lesdint edge, deg 55 

Sa (,.2) 89(2 71)


Areoa, f111 7(0 09)

Aspect ratio 
 1 42


Mesanaerodvnveie chord. in (it ) 159 3(004 6) 
Rudder 

Span fitIM)2 7 8(2 38)
Aref, i tn(ta) 
 29 3(2 63)
Deflection. xiinm , degSpeed btaki -2 ) 30



Arts, it (.

 26.5(2 393


tcefl-cci... degmra 77 

Ventral - 2 2
Area (total), ft (. ) 25(2 26) 

Posoorplants -
P W 7730-P-3 engine, 2 

ALE IOU 

16



http:Tr.ilin-.de


DRIGINAL PAGE IS 

PE QQz -QUIuJn 

300 

260 / 	 700 
600 

MEAN 222 ME-N 
AERODY'NAMIC 

AERODYNAMIC 500 CHORD 
C-RD, 18- cm. 

-00
140 
 
, 30D 

100 ,,,- 30 

70 ' z 
b. ft 5 	 I -- 5 

30" 	 -" 0



640 

600 ,, 

/4 S,M2
S,ft 2 

560



1 0 20 30 40 50 0 70 80 
A, DEC



Figure 2 F-1l1A WING GEOMETRY AS A FUNCTION OF


WING-SWEEP ANGLE
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SECTION 3



AIRCRAFT INSTRUMENTATION



The instrumentation system installed in the aircraft con­


sisted of two 30 track and one 14 track FM analog magnetic tape



recorders and various transducers throughout the airplane. IRIG



B time reference signals were recorded on each tape recorder to



provide time correlation. The general locations of the acceler­


ometers pertinent to the buffet study are shown in Figure 3. The



actual locations in terms of aircraft geometry references are



listed in Table 4.



The characteristics of the accelerometers most of which



were commercially available units are indicated in Table 5.



The accuracies quoted refer to the nominal flat frequency



response up to the limit frequency quoted. No calibration



data exist above the quoted limit of flat frequency response,



however, the natural resonant frequencies are well beyond 100



herz for all of the accelerometers.



The locations of the wing strain gage sensors pertinent



to the buffet study are shown in Figure 4. Shear, bending



moment and torque were measured at each of the four indicated



wing stations on the right wing.



The locations of the strain gage sensors for the hori­


zontal tail loads measurements are shown in Figure 5. Vertical



shear bending moment and hingeline torque were measured at the
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R/Il Wing 
Tip



AW00 

Airplane 
LTN Wing
Center-of-Gravity 
 

A WO01 
ABO19iABO18 C,F, 

/AFOO9 
 

SAFOIOAl



Figure 3. ACCELERATION HEASUREHENTS lA: 



Table 4 

ACCELEROMETER LOCATIONS 

ITEMOD MA I FUSELAGE STATION WASUTOTONL'ATINE Burr LINE 

___________ tERus INCHES METER1S IrNCHES METERS~ INCES 

ABOIS e.g. vertical 12.996 (511.64) 4 740 (186.62) 0 0 

AB019 e.g. vertical 12,996 (511 64) 4 740 (186.62) 0 0 

0 
AD020 

AF009 

c.g, lateral 

Pilot seat vertics 

12.996 

6.462+.127 

(511.64) 

(254 40+5.0) 

4.740 

4.245+.127 

(186 62) -. 023 

(167 12+5 0) -. 133 

(­ .69) 

(-5 25) 

AFOI0 Pilot seat lateral 6.462+ 127 (254.405.0) 4.245+.127 (167.12+5.0) -. 133 (-5.25) 

Al1 

WW02 

S-

Left ving tip -
vertical 

klsbt 11 p -
vertical 

Front spar station 9.500 meters (374 inches) 

tis span stton 9.157 Siters (360.5 inches) @.AI - 160 

0 
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tOver range of flatfrequency 

Table 5 

TNMSAL PI§ECIFIED SPECIFIED FLAT RES0NW -

FULL SCALE ACCAC REQUENCY RESPONE RAT. FM 
&ME+' F=E SCALR** wo S. ME____ 

-3.5 to 46 5 +5 25 Not Avail 
 
able


±15 +3 42 530 
 

+10 45 325 --


+7 +5 275 -­

+10 +3 32 400 
 

+7.5 +5 215 --


+25 + 500 --


±25 500 
 
-


rtied fros these nowsist values. 
response and at all temperatures between -76" and +250F 
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tCHORD 

6.680 (26 .3 
4 

(2 1 
3 

. 6 
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root of both the left and right horizontal tails. The sensi­


tivities of the wing and tail loads measurements were goverened
 


by the fact that the loads were to be measured during maneuvers



at load factors up to the maximum capability of the aircraft.



As a consequence the signal-to-noise ratios for the present



buffet studies were lower than is desirable. The calibration



slopes for each channel of information are shown in Table 6.



In several cases the frequency response upper limit for



the measurements was set by the subchannel characteristics of



the flight recording system. Table 7 lists the appropriate



nominal limit frequency of subchannel arrangements for each



flight selected for detailed analysis.



Other pertinent measurements such as angle of attack,
 


Mach number, altitude, fuel remaining, horizontal tail position



and spoiler position were also recorded on the FM tapes.



24





TABLE 6 
CALIBRATION SOFES - WIITSIPECET OF BANDWIDTI 

ITm m umf 5I 1-EA U S. FIT 48URLTS COST. UNHITS,S.1I COST FLT 59,613.1. 1 CO'ST. FLT 703 1 1 UJST FLTS5 1. IS 8 FLT 79bU3 -TI UST 

AW001 
AW002 
AHoI8C 
ABO8 
8A019 

A3020 
AFO09 
AFOI 
8015 
3016 

Lvr-vert 
RUT-Vert 
CC-Vert 
CC.Vert 
02-vrt 
OG-Vert 

P.s -Vert 
P.S.-LEt 

Mg Roll 
An. Pitch 

8 s 
Sg 
ga 
g's010 
g' 
gs 
ges 
g 5* 

sdfsec2 

edl9ee2 

g's
9'a 

0& 
g 
g a 

.&s 
raddsec 2 

rod/ec2 

50304 
50232 
130 

20142 
.05129 
15306 
10232 
.53569 
32175 

50304 
50232 
130 

.010 
20142 
05129 
15306 
.10232 
.53569 
32175 

33578 
33322 
10690 

20172 
.05052 
29280 

.10128 
.3012 
.0998 

33578 
33322 

.10311 

.2017i 
05052 
29280 
10128 
3012 
0998 

33378 
.33322 

1813 

20172 
.05052 
29280 
.10128 
.3012 
0998 

SU124 
C-7 

W123 

W125 

Shear-V S I 
B H -W S I 
TOR -V 5.1 

N 
m­
m­

lbs 
n-lbs 

in-lbs 

8011 
22517 

4136 

1801 8011 
202896 22517 

37264 4136 

1801 11770 
202896 37110 

37264 3913 

2666 11770 
334383 37110 
35263 3913 

2464 t1926 
334383 37393 

35263 3969 

2681 
336937 
3576? 

126 Shear-W 3.2 
127 8.81-v S 2 

W128 MRt -v S.2 
3129 sheer-U.S 3 

130 8.H.-V S 3 
131 1M8.-W S 3 
W132 Shear-W S 4 
W133 3.N -W 3,4 
4134 0TO.-W S 4 

H 
m-N 
M­
x 

m-O 
m-R 

.4 

.- 8 

tb. 
tn-lbs 
t-lbs 

lbe 
tn-lbs 
tn-lbs 

tlbe 
in-lbe 
in-lbs 

5124 
9981 
1251 
2358 
2800 
1008 

801 
393 
188 

1152 5124 
89935 9981 
11268 2501 

530 2358 
25228 2800 
9084 1008 

180 o t 
3541 393 
1694 188 

1152 9475 
89935 9828 
22535 2798 

530 3479 
25228 4160 

9804 964 
180 1361 

3541 758 
1694 344 

2130 9475 
88557 9828 
25215 2798 

782 3479 
31481 4160 

8690 964 
351 1561 

6835 758 
3100 346 

2130 9608 
885537 9897 
25215 2834 

781 3523 
37481 4197 

8690 982 
351 1588 

6835 765 
3100 349 

2160 
89181 
23539 

792 
37821 

8847 
357 

6896 
3142 

1C a 
IF 

02 a 
01 L Inbd Spol

M2R Inb Spotl
3 L Outb Spol 
I R Outb Spot03C L Nor I 

04c Rtor T 
167 Ifich 

deg 
eg 

deg
deg
deg
deg 
degdeg 

deg 
--­

deg 
deg 
deg
deg
deg
deg 
dogdeg 

deg 
--­

875 
080 
080 
60 
60 
60 
60.88 

.88 

.0034 

873 
080 

.080 

.60 

.60 
60 

.60.88 

8 
0034 

875 
080 
080 
60 
60 
60 
60.8O 

a 
0034 

875 
060 
080 
60 
60 
60 
60
.8O 

88 
0034 

875 
08o 
080 
60 
60 
60 
60 
as 

8 
0034 

R022F Alt m Ft . ... 12 192 1219 



Table 6 (Concluded)



ITEM IEASUREMEI S.. U.S. VLT 48 FLTS 59,60,61 FLT 70 fLfS 77,78 FLT 79
UNITS CUST. UNITS 8.1 OUST. S I. CUST. 3.. CUST. S I CUST S I CUST 

ST072 R/H H.T. SHEAR N lbs 5249 1180 5249 1180 8051 1810 8051 1810 8051 1810ST073 R/! H.T BEND. MMi. N-H in-lbs 5512 49663 5512 49663 6978 62874 6978 62874 -
ST073S R/B H.T. BENDM. MOM. M-f In-lbs - - - ­ - - - - 5256 47363
STol11 a/ H.T TOtQUt f-H tn-lb. 2377 21416 2377 21416 
 2443 22014 2443 22014 
 2458 22151 
87077 L/ H.T. SHEAR HI lbs 4466 1004 4466 1004 4466 1004 4466 1004 4497 1011T078 L/H H.T. BED. ML Hf-H in-lb. 3485 31402 3485 31402 6970 62804 6970 62804 4860 42185ST135 L/H H.T. TORQUE M7-N tn-lbs 2134 19233 2134 19233 2134 19233 2134 19233 2148 19357 

p 



Table 7 

FLIGHT RECORDER FREQUENCY RESPONSE CHARACTERISTICS 

FLIGRTS 48-61 FLIGHTS 70-79 
ME IG FILTER IG FILTER 

CODE CHANEL PREQ. - fZ CHANNEL pREQ. - EZ 

AWO01 8 45 11 110 
.A!002 12 160 12 160 
ABO18 14 330 11 11O 
AB019 9 59 8 45 
AB020 14 330 9 59 
A3009 11 110 12 160 
APOIO 12 160 10 81 

SW123 10 81 7 35


SW124 11 110 8 45


SW125 12 160 9 59



SW126 13 220 10 81


SW127 8 45 11 110


SI128 9 59 12 160



8129 10 81 13 220


S1130 11 110 6 25


SW131 12 160 7 35



SM32 13 220 8 45-

SW133 8 45 9 59


S134 9 59 10 81 

S7072 11 110 11 110


ST073 12 160 13 220


ST118 13 220 10 81



ST077 8 45 12 160 
ST078 9 59 11 110 
ST135 8 45 9 59 
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'(SECTION 4 

BASIC DATA PROCESSING METHODS



During the Loads Demonstration Flight Program, the FM



analog magnetic tapes containing raw flight test data were



processed by automated processing techniques. The data were



first played out on strip chart recorders for instrumentation



verification. Next, the data were digitized at sample rates



of up to 20 samples per second under computer control. Either



10 or 20 samples per second were used for the data pertinent



to this study. The digitized data were then scaled, calibrated



and output in computer listings and computer tapes for addi­

tional processing on an IBM System/360. Second generation



computer runs were made to obtain corrected flight condition 

data such as gross weight, Mach number, altitude, dynamic 

pressure and fuel distribution at 1-second intervals. 

Microfilm records of the computer listings from the original 

flight program data reduction were used in the present program



to make plots of angle of attack, normal load factor, Mach number



and dynamic pressure as functions of flight time and to identify



the gross weights and altitudes for the selected flight maneuvers.



The Mach number, altitude and dynamic pressure data include cor­


rections for position error. The angles of attack from the basic



reduction are indicated angles and do not include the effect of
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upwash at the nose boom. A correction formula to account for 

the upwash is 

aT- 0.318 +0.931 a (degrees). 

It was not considered fruitful to apply this correction in the



various plots presented in this report because corrections to



the wing angle of attack due to structural flexibility are



much larger in magnitude and can only be approximated. Both



corrections were considered in selecting the time intervals



for the stochastic analysis in Phase II in order to obtain



agreement with existing wind tunnel model data insofar as



possible.



Time histories were made of about 30 items of instru­


mentation measurements which were considered pertinent to the



buffet study. Examples of each of the strip chart records



have been previously presented in the Phase I report (Reference



1 ). These records were used to aid in the process of selecting



the maneuvers for the Phase II Study. The records for the Phase



II Study maneuvers were in general too large to be legibly



reproduced on an unfolded page.
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SECTION 5



FLIGHT CONDITIONS FOR DETAILED ANALYSIS 

In the Phase II Study the major criterion for selecting



the particular flight maneuvers was matching insofar as possible



conditions of wing sweep, Mach number and angle of attack for



which wind tunnel data already existed. It was considered



important to use maneuvers for at least two additional wing



sweeps and at both subsonic and supersonic speeds. The four



wind up turn maneuvers listed in Table 2 were selected on that



basis.



A question had arisen in the Phase I Study with respect



to the character of the structural responses as deduced from



relatively short time samples. The two slowdown turn maneuvers



listed in Table 2 were chosen to examine whether or not short



time samples and longer time samples gave consistent results.



Variations of angle of attack, load factor Mach number



and dynamic pressure with flight time are presented in Figure



for each of the selected maneuvers.



Table 8 lists the segments of each maneuver selected for



detailed analysis. In most cases the time duration of the



records (AT) is one second, but some longer records were used.



The table also lists the indicated angle of attack at the start
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Table 8



'4 FLIGHT POINTS SELECTED FOR STOCHASTIC ANALYSIS 

Flight Run Point Start Time Stop Time AT 01 2 n AD SD PlOT 
Ti T2 (SEC) (DEA) (DES) (DEG) (DXC) (D93) F12. No. 

61 R227 1 110107 9 110108 9 1 7 10 9 25 8 05 2 15 8 

2 110108 4 110109.4 1 8.05 10.10 -­ 9.25 2 05 9 

3 110109 7 110110 7 1 10.10 10 80 -­ 10 42 0 70 10 

4 110110 6 110111 6 1 10 60 12.70 -­ 11.65 2 10 11 

5 110112 0 110113 0 1 12 90 14 60 14 60 13.75 1.70 12 

51 S38/150 1 95940 0 95942 0 2 14 55 15 12 -­ 14 85 0.75 13 

2 95943 0 95944 0 1 15 95 16 45 -­ 16.25 0 50 14 

3 95940 0 95944.0 4 14 5'5 16 45 -­ 15.12 1.90 15 

48 4 1 135315 7 135316 7 1 4.70 5 50 -­ 4.95 0.80 16 

2 135320 7 135321 7 1 8.20 9.80 -­ 8.90 1.60 17 

3 135322 8 135323 8 1 12 10 13 70 -­ 12.95 1 70 18 

4 135323 9 135324 9 1 13 70 13 90 15 0 14.3 1.30 19 

48 7Rl 1 135951 7 135952 7 1 7 15 8 65 -­ 8.00 1 50 20 

2 135952 7 135953 7 1 8.65 10 00 -­ 9 40 1.35 21 

3 135954 3 135955 3 1 10 75 12.20 -­ 11.62 1.45 22 

4 135956 8 135957.8 1 14 15 16.15 -­ 15.15 2 00 23 

5 135958 55 135959 55 1 17.90 18 90 19 35 18.70 1.45 24 

48 5 1 134426 2 134427.2 1 4.80 4.80 -­ 4.80 +0.1 25 

2 134432 3 134433.3 1 8 00 8 80 -­ 8 41 0.80 26 

3 134436 2 134437 2 1 11.30 12 70 -­ 12.10 1.40 27 

4 134439 65 134440 65 1 14.95 16 75 -­ 15.95 1 80 28 

59 S132R 1 31901 0 31903 0 2 15 95 17.55 -­ 16 75 1.60 29 

2 31903.0 31905 0 2 17.55 18 13 -­ 17 75 0.63 30 

3 31907 0 31909 0 2 19 55 19.60 20 00 19 80 0 45 31 

48 6* 3 133415 0 133416.0 1 8 72 9 55 -­ 9.1 0.83 32 

4 133416 7 133417 7 1 9 70 10 75 -­ 10 2 1 05 33 

5 133417 3 133418 3 1 10 30 11 75 -­ 11.1 1 45 34 

6 133419 0 133420 0 1 11 15 13 55 -­ 12.3 2.40 35 

7 133420 3 133421 3 1 14 25 16 60 -­ 15 3 2.35 36 

71 S&C-R* 7 153311 0 153313 0 2 4 22 5 98 -­ 5.1 1.76 37 

8 153315 5 153317 5 2 7 00 7.32 -­ 7.1 0.32 38 

9 153318 5 153320 5 2 8.45 9.65 -­ 9.2 1.24 39 

10 153322 35 153324 35 2 10 85 13 40 -­ 12.2 2.55 40 

11 153324 35 153326 35 2 13.40 15.35 15 55 14.8 2.15 41 

Phase I selections used in Phase II for consistency
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of each record ( oi), at tU end of each record (a"2) and in



a few cases the maximum angle of attack occurring during the



record (amax). A nominal angle of attack ( a nom> has been



assigned to each data segment which is used later to plot



trends in the variations of instrument responses with angle of



attack. Also included in Table 8 is a key to the Figure numbers



for the plotted power spectra for each flight point which are



presented in Section 7.
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SECTION 6



STOCHASTIC ANALYSIS TECHNIQUES



The analysis techniques used in this study are compatible



with American National Standard (ANS S2.10-1971) recommended



methods for analysis and presentation of shock and vibration



data. A quick-look examination was performed on each time­


history measurement to determine the data classification,



degree of stationarity, record length and recoverability.



Measurements



Data reduction was performed on the following data:



1. 	 Shear, bending moment and torsion at four


wing stations, (12 measurements).



2. 	 Shear, bending moment and hingeline torque


at the root of both left and righ horizontal


tails (6 measurements)



3. 	 Two wing tip accelerometers (verticals)



4. 	 Two c.g. vertical and one c.g. lateral


accelerometers.



Pilot's seat vertical and lateral accelerometer.
5. 
 

The stochastic-analysis performed on these items was limited to



power spectral densities (PSD) and average rms values for each



data 	 sample. A total of 660 PSD's were processed in Phase II.



In addition a few narrow band time histories were made



for selected wing instrumentation items.
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Special-Purpose Processing
 


A'block diagram of the special-purpose stochastic equip­


ment is shown in Figure 7. The FM signal is discriminated to



recover the analog signal. Band-pass filters at 3 Hz and 100 Hz



(48 dB per octave) were used to reject unwanted frequencies and



to minimize aliasing effects on the sampled data. The data is



calibrated at this point. The T/D 100 analyzer was used to



compute the PSD's. The stochastic algorithm utilized by the



T/D 100 to perform this function is discussed below.



Prior to the Phase II Study the equipment was modified



to achieve a direct interface with an SEL-810A mini-computer



which then permitted direct recording of the output of the T/D­


100 on magnetic tape. The tapes were then used as input to a



plotting routine.
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Auto-Spectral Density (PSD)



The T/D 100 computes the PSD coefficients by first approxi­

mating the complex Fourier transform of the input signal. The 

Fourier transform of the time-domain input function x(t) is given 

by: 

G(jf) f x(t)(cos 2rft - j sin 2ift) dt (1) 

wiere j - r . Since the time-domain input is sampled and 

quantitized in the analyzer, and only a finite number of samples



are available, the finite transform is used, and separated into



its real P(f) and imaginary Q(f) components can be written



as follows: 

12 

FT(:) i~t) cos 2irft dt (2)PT(f) -f=-T/2

T/2 

T - x(t) sin 2ffft dt (3) 

where T i' the length of the input frame, wt..-_---....ad to be 

centered about time t0. 

Replacing the continuous input, x(t), with a set of 2N+1 

discrete samples at intervals of to - 1, and replacing the 

sinusoidal functions by 'corresponding values, the continuous 

integrals may be expressed as the sum of products: 
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+N 

P(kfo) - n: x(nt0 ) cos [2 kfo(nto)] (4) 

+N



Q(kfo) - -E x(nto) sin [2 kfo(nto)] (5) 
n--N 

where k is a series of 2N integers and fo is the base frequency



which is equal to 1



The PSD coefficients [S(kfo)J are then computed from (4) and



(5) by the equation:



S(kfo) - jP(kfo) 12 + IQ(kfo) 12 (6) 

Average rms (TT) 

The average rms of the input signal is calculated from the 

PSD coefficients [S(kfo)] by the following equation: 

2N



T foE S(kfo)



k-O



where fo - is the base frequency or analysis bandwidth. 

2NT 

44





SECTION 7



PRESENTATION OF DATA



During the course of the Phase II study, approximately



660 power spectral diversity plots were obtained. These data



have two primary uses. First they permit identification of



the significant model contributions through comparison with



measured and calculated and antural vibration modes of the



aircraft. Second, they provide the data base for assessment



of prediction methods.



The spectral content of the structural responses is re­


lated to the natural vibration modes. Summaries are present­


ed of the natural vibration mode frequencies as determined



from ground vibration tests and also as calculated using a



finite element representation of the aircraft structure for



each wing sweep These data are useful for interpreting the



power spectra



Natural Vibration Modes



The measured natural vibration modes and their associated



frequencies are presented in Tables 9 through 11 for wing



sweeps of 26, 50, and 72 5 degrees. These data were obtained



during extensive ground vibration tests conducted on aircraft



in the F-Ill development program and are taken from References



4 and 5. In addition, calculated modes were determined for



45





Table 9 
HEASURED F-IlIA NATURAL VIBRATION MOms, ALE - 260 

Predoinmnt Mode 
(Airplane No. 12 Tests) 

Wing 	 First Bending
Fuselage First Vertical Bending

Fuselage First lateral Bending 
 
Wing Fore and Aft Bending 
 
Wing Second Bending 
 
Lng-Rorlontal Tall 
 

First Wing Torsion 
 
Horizontal Tail First Bending 
 

Horizontal Tall Fore end Aft 
Horizontal Tal Pitch 
Vertical Tail Bending

Vertical Tail Torsion 
 
Rudder Rotation 
 
Rudder Torsion
Otating Glove-


Leading Edge Bending 
 
Yaw 
 
Pitch 
 
Aft End Bending 


Sp 	 olermodesi(Frog Airplone No. I Tests)
Spoiler No. 1 
 
Spoiler 1o. 2 
 

Frequency - Hz 
Fuse Wig IntL ruse. Ful._winL_-ext 
S eric Antisentrlc S etri-I Antis etrLc 

5.2 7.6 5.1 7 1

8 6 --- a 0 -­
--- --- --- 8.7 
7 9 9.3 88 8.7

16.9 	 29.2 17 8 29 0



--- 16.2, 17.5 --- 17 5


25 2 25.4 25 7 26.1


13.6 13 3 13 8 13.1


15.2 15.3 16.3 16.2


34.4 37.3, 31.0 30.9 29.5, 36.1



--- 9 9 --- 9.6

--- 28.0 --- 11.7


--- 32.7 --- 28.3


--- 45.0 --- 44.8 

27.4


44 3

50.9


63.8



553,60

5565,72 68


o 



Table 10 
EASURED F-ilA NATUnAL VIBRAION MuES, ALE ­

nuom~rrWDEFrequency
PREDOMINANT Fuse Full Wing EmptyNDDE 

AIRPLAN No. 12 TESTS Symmetric Antisvmnetric 

Wing First Bending 5.0 6.6 

Fuselage First Vertical Bending 8.0 -

Fuselage First Lateral Bending - 8.9 
Fore and Aft Bending 8.7 7.3Wing 28.9,30 6Wing Second Bending 17.5 

15.8 16.5
Wing - Horizontal Tail 
 
26.4 26.1 
Wing First Torsion 

13.3 12.8
Horizontal Tai. Bending 
 
16.3 16.6
Horizontal Tail Fore and Aft 
 

21.4,31.7 29.8,35.9
Horizontal Tail Pitch 
 
9.7,11.5
Vertical Tail Bending 
 

27.6
Vertical Tail Torsion 
 
32.0
Rudder Rotation 
45.0
Rudder Torsion 
 

Airpane 13 Tests


(Close Tolerance Hot. Tail Bushings) 
 

13.3 12.8 
Horizontal Tail First Bending 

16.9 17.0
Horizontal Tail Fore and At 
 

1 34.2,39.0 37.9,43.2
Horizontal Tall Pitch 
 47.2,52.4
-Horizontal Tail Second Bending 
 

50 

- HlZ 

Fuse Full Wing FullSyimetrio 

4 1 
7.9


-

5 8
13.0 
 

-

23.8 
 
13.1 
 
16.2 
 

31.8,35 6 
 
-

-

-
-.


-

Antisymmetric 

6.0 

8 9 
5 2

26.1



14.7


24.5


11.9


16.5



29.3,36.5


9.7,11.6



27.5


32.6


45.4



.S )





--

- -

SWing 
 
0 

Table 11 
ASURED F-1IlA EAIIJRAL VIrlATION MOES, ALE - 700 

AOHILAN NODE 
 
AIR,PLANE NO. 12 TESTS 
 

Wing First Bending 
 
Fuselage First Vertical Bending 
 
Fuselage First Lateral Bending 
 
Wing Fore and Aft Bending 
 
Wing Second Bending 
 
Wing - Horizontal Tail 
 

Torsion 
 

Wing - Flap-

Horizontal Tail Bending 
 
Horizontal Tail Fore and Aft 
 
Horizontal Tail Pitch 
 
Vertical Tail Bending 
 
Vertical Tail Torsion 
 
Rudder Rotation 
 
Rudder Torsion 
 

Frequency - HZ 
Fuse Full"Wing Empty 
Symnetric 

5.0 
 
8.0 
 
-

8.0 
 

17.4 
 
16.1 
 
26.2 
 

13.3' 
 
16.2 
 

31.8,35 2 
 

Antisyweltric 
 

5.8 
 
-

9.0 
 
7.3 
 
30.0 
 
16.6 
 

27.1,28.7 
 
29.4,31.0



-

12.6 
 
16.5



29.6,36.3 
 
9.7 
 
27.7 
 
31.9 
 
44.5 
 

Fuse Full Wing Full 
Synmetric Antisymnetric



3.8 4.9


7.8 	 ­


- 8.3


5.6 5.6


12.9 	 26.4


- 14.4



23.7 24.5



- 29.4,29.6 

--

--


-

-


-

-



specific flight conditions for use in the prediction method



development and evaluation portions of the contracted in­


vestigation. The calculated modes are presented in Tables



12 through 19. Further discussion of the analytical effort



appears in References 6, 7 and 8.



Power Spectral Density Plots



All power spectral density data obtained during the Phase



II investigation are presented in this Section in plotted



form. For ease of use the data are arranged in the following



way.



Each figure number represents a data set which corresponds



to a given Flight Number, Run Number and Point Number as listed



in Table 8. Each Phase II data set consists of 7 pages of



accelerometer data, 4 pages each of the wing shear, wing bend­


ing moment and wing torsion data, and 2 pages each of horizontal



tail shear, bending moment and torsion data For the Phase
 


I maneuvers each data set has only the 6 pages of horizontal



tail data since the wing and fuselage power spectra appear in



Reference 2.



The format for each PSD plot is the same. The ordinates



are normalized by the sum of the measured PSD values taken



over the range from 1 to 100 Hz. The numerical value of this



sum appears as the scaling factor listed above each plot.
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Monde 
NO. 
 

I 
 
2 
 
3 
 
4 
 
5 
 
6 
 
7 
 
8 
 
9 
 

10 
 
1 
 
12 
 

Table 12 

ALCALATED F-tliA SYIOTRIC VIBRATION MODES 

ALE - 260 GW - 266,044N (59,800 lb) 

Fade Description 

First Wing Bending 
Virst Fuselage Vertical Bending 
tOrizontal Tail Bending-+.5e;._ Wug-Bend. +See Bend. 
ZrizontalTail Bending + Second Wing Bending 
Second Wing Bonding 
Third Fuselage Bending + Wing Torsion 
First Wing Torsion 
Horizontal Tail Second Bending 
Third Wing Bending 
Horizontal Tail ibroeon 
Fuselage Fourth Bending + Second Wing Torion 
Second Wing Torsion 
 

Frequency - Hz 

4 794

7.013 

13.930 
14.828 
17.010 
22.853 
24.064 
27.521 
30.666


33.893 
37.573 
39.229



http:Bending-+.5e


Mode 
No. 

1 
 
2 
 
3 
 
4 
 

Hn 5 
 
6 
 
7 
 
8 
 
9 
 

10 
 
11 
 
12 
 

Table 13 
CALCULATED F-ilA SYMETRIC VIBRATION MMDES 

ALE - 260 GW - 293,138N1 (65936 ib) 

Fade Description 
 

First Wing Bending

First Fuselage Vertical Bending 
Wing - Horizontal Tail (in-phase) + Sec Fuse Bending 
Wing Horizontal Tail (out of phase)
Second Wing Bending 
 
Third Fuselage Bending + Wing Torsion 
First Wing Torsion 
 
Horizontal Tail Second Bending 
 
Third Wing Bending 
Horizontal Tail Torsion 
Fourth Fuselage Bending + Wing Second Torsion 
Second Wing Torsion 

Frequency - Hz 

4.792


6 870



13 894


14 721


17. 110

22.665 
24 024 
 
27.197

30 446

33.884 

37.551


39 076



0 
' ; 



CALCULATED F-1liA 

Table 14 
SVI*ETIXC VIBRATION IDDES 

ALE ­ 500 GW - 33lf392R (74,515 lb) 

Mode 
No. Itde Description Frequency -Hz 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

First Wing Bending 
First Fuselage Vertical Bending 
Wing -_Horizontal Tail (in-phase) Ftuselage Second !inding 
Wing-. Horizontai Tail (oui U pf'se) - -

Second Wing Bending 
Third Fuselage Bending + Wing Torsion 
First Wing Torsion 
Horizontal Tail Second Bending 
Third Wing Bending 4-Horizontal Tail Pitch 
Horizontal Tail fltcS 
Horizontal Tail Bhnditig + Third Wing Bending 
Wing Second Torsion + Horzontal Tail Pitch 

4.908 
6.736 
13.529 
15.218 
16 762 
21.836 
24.217 
25.987 
31.293 
33.869 
37.618 
39.377 



No.Node 

I 
 
2 
 
3 
 
A 
 
5 
 
6 
 
7 
 
a 
 
9 
 
10 
 
11 
 
12 
 

Table 15 

STMl4EIIC VIBRATION MHDESCALCULATED F-UilA 

- 72 5 GW - 268,673N (60,419 lb)ALE 
 

od oeltnMde Description 

First Wing Bending BendingVerticalFirst Fuselage 
wing - Horizontal Tail (in-phase) + Fuselage Second 

Bending 
4-( u Of P a e 
 
Wing - Horizontal Tail(out of phase) 

Second Win Bending 
Third Fuselage Bending + Wing Torslon 
First Wing Torsion 
Horizontal Tail Second Bending 
Third Wing Torsion + Horizontal Tail Pitch 
 
Horizontal Tail Pitch 
 
Second Wing Torsion 
 
Horizontal Tail Torsion 
 

Frequency - Hz 

4. 849

4.9



14.391


15.42517 .794



22.927 
24.571 
27.448
31.927


33.898 

39.856 
9


0 
-O, o 



Table 16



CALCULATED F-IlIA AI4TISflGETRIC VIBRATION MDDES 

ALE - 260 OW - 266,044H (59,800 lb) 

Node 
No. Jode Description 
 

I First Wing Bending 
2 First Fuselage Lateral Bending 
 
3 Vertical Tail Bending + WIng Bending 
 
4 Horizontal Tail Bending + Wing Bending 
 
5 Second Fuselage Lateral Bending 
 
6 Wing - Horizontal Tail 
 
7 Third Fuselage Lateral Bending 
 
8 Wing Torsion + Bending 
 
9 Wing Torsion + Horizontal Tal Pitch 
 
10 Vertical Tail Torsion 
11 Vertical Tail Torsion * Second Wing Bending 
12 Second Wing Bending 
13 Fuselage Lateral Bending + Second Wing Bending 
14 Horizontal Tail Pitch 
15 Fuelage Lateral Bending + Second Wing Torsion + Hot. Tail Torsion 

Frequency - Hz 

7.417


8.119


10,887


12.290


15.720


18.510


21.947


22.983


25.081


25.678


26.029


27.179


31.249


31.990


36.317





Table 17 

CALCULATED F-111A AMflSYETRIC VIBRATION MODES 

ALE - 260 OW - 293,138N (65,936 lb) 

Nde 
No. ode Description 

I First Wing Bending

2 First Fuselage Lateral Bending

3 Vertical Tail Bending 
 
4 Horizontal Tail Bending + WingBending 
 
5 Second Fuselage Lateral Bending 
 
6 Wing - Horizontal Tail 
 
7 Third Fuselage Lateral Bending 
 
8 Fuselage Lateral Bending + Wing Bending 
 
9 Wing Torsion + Horizontal Tail Pitch 
 

Vertical Tail Torsion 
 
i1 Vertical Tail Torsion + Second Wing Bending 
 
12 Second Wing Bending 
 
13 Fuselage Lateral Bending + Second Wing Bending 
14 Horizontal Tail Pitch 
15 Fuselage Lateral Bending + Second Wing Torsion + nor. Tail Pitch 

Frequency - Uz 

7 284 

7.863 


10.699 

12.078 
15 663 

18.183 

21.636 
22.586 
24.647 
25.260 
25 595 

26 881 

29.033 
31.460 
35.189 

4 
10 




Yade
Mo. 

1 
 
2 
 
3 
 

-t4 4 
 
ON 	 5 
 

6 
 
7 
 
8 
 
9 
 
10 
 
11 
 
12 
 
13 
 
14 
 
15 
 

Table i8 

CALCULATED F-IIA ANTISYEThRIC VIBRATION W)DES 

ALE - son GW - 331,392N (74,515 lb) 

Mode Description 	 Frequency - Hz 

First Wing t~ding 	 6.917 
First Fuaelage Lateral Bending 	 7,795'


Vertical Tafl Torsion + Wing Bending 10.844


Horizontal Tail Bending + Wing Bending 12.290


Second Fuselage Lateral Bending 15.070


Wing - Horizontal Tail 17.815


Horizontal Tail Pitch + Vertical Tail Torsion + Wing Bending 21.185


Third Fuselage Lateral Bending 22.354


Wing Torsion + Horizontal Tail Pitch 23.794


Vertical Tail Torsion 25.264


Vertical Tail Torsion + Second Wing Bending 25.915


Ftselage Lateral Bending + Second Wing Bending 27.925


Second Ving Bending 29.479


Horizontal Tail Pitch 31.498


Fuselage Lateral Bending + Second Wing Toxvion + Nor. Tail Torsion 34.660



Th 



Made 

No. 

1 

2 


La 3 

4 

5 

6 

7 

8 

9 


10 

11 

12 

13 

14 

15 


Table 19 

CALCULATED F-I1A ANTISXYMffThIC VIBRATION WDES 

ALE 72.50 GW - 268,673f (60,419 lb) 

thde Description Frequecy,- Hz 

First Wing Bending 6.036 

First Fuselage Lateral Bending 7,973 

Vertical Tail Bending + Horizontal Tail Bending 10 739 

Horizontal Tail Bending ± Wing Bending 12.385 

Second Fuselage Lateral Bending 16.542 

Wing - Horizontai Tail (out of phase) 17,408 

Wing - Horizontal Tail (in-p~ase) 20.631 
Vertical Tail Torsion + Wing Torsion 23.599 
Third Fuselage Lateral Bending + Vertical Tail Torsion 24.085 
Vertical Tail Torsion 25.462 
Vertical Tail Bending 25.973 
Fuselage Lateral Bending + Wing Torsion 29.300 
Wing Second Bending 30.429 
Horizontal Tail Pitch 31.581 
Fuselage Lateral Bending + Wing Second Bending + Hor. Tail Torion 36.404 

I/ 


/7 




The format for the scaling factor is.



y 	 (**
 2 
SF 	 = ±XXX 

i
, 
where 
 

.XXX is a decimal value



Y is the power of 10 by which the decimal value must be



multiplied.



Z is the basic unit of the scaling factor.



**2 represents the fact that the units are squared.



Where appropriate, scaling factors are presented in both S.I.



and U.S. Customary units



The values'plotted at frequencies of 0 to 1 Hz are used



to set the scales for the automatic plotting routine and do



not represent actual data When a symbol appears on the lower



bound of a plot for frequencies greater than 1 Hz, it actually



represents the fact that measurement was below the dynamic



threshold of the analysis equipment. Finally, although data



are plotted at all frequencies from 2 to 100 Hz on all the



plots, the upper frequency limit of valid data varies. Table



7 should be consulted for the frequency limit appropriate for



each item and flight.
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FLI6HT St. FRAME 116107.90. RECOR LENGTH = SiC.



SCALE FACTOR .1124o0 WJ0*2



_ _+ _2; -1,. -- , ' 
IA 

[ 01 

--f- ' -h- 0 
-

j0 
1 

0 ­

-° w I.vt I .i1191 
¢1 0 

-c,


t Q 

Ojt3 O 0 I 

O X IO . . .. 0 0 --"'- 0 

a. r -- ­

b" :4SI' li LW § 

ILa-- L--L- 1--- - ----
N -t .-- - 4 _- _ . -.--+ 
.. ' _"-­J• :'...!.. 


ICI I V]'g 
FREQUENCY C 
 HZ I


* i I ,



FREGUENCY C HZ3 

ITEM - AV002 R/H WINS TIP VERTICAL ACCELEROMETER 

Figure 8. Continued 

60



http:116107.90


FLIG4T Bi. FRAME 110107.90 RECORD LENGTH =I SEC. 
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FLIGHT St. FRAME 110107.909 RECORD LENGTH 
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FLIGI4T 61. FRAME 110107.90. RECORD 

SCALE FACTOR = .646-3 C9)**2 
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a I SEC.
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FLIGHT 61. FRAME 110107.90. RECORO LENGTH = 1 SEC.



SCALE FACTOR .
*4955 CN)ei2 =.251+4 CLBn**2 
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FLIGHT 61. FRAME 110107.90 RECORD LENGTH = 1 SEC.



SCALE FACTOR w .137*5 CN)*'2 u.690+3 CLB*.2
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FLIGHT 61. FRAME 110107.90. RECORD LENGTH = 1 SEC. 

SCALE FACTOR x .183+7 (-N)**2 =.149+9 CIN-LB3**2 
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FLIGHT 61. FRAME 110107.90. RECORD LENGTH a I SEC.



SCALE FACTOR .687"6 (H-N)-*2 =.558+8 CIN-L)93*2
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FLIGHT 61, FRAME 110107.90. RECORD LENGTH = I SEC.



SCALE FACTOR = .S3+5 CM-NJ.*2 =.7004-7 CIN-LB3**2
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- ----

FLIGHT 61. FRAME 110107.90. RECORD LENGTH = 1 SEC. 

SCALE FACTOR z .231+5 (-N)**2 =.188+7 (IN-LD)**2
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FLIGHT SI. FRAME 110107.90. RECORD LENGTH = I SEC.


SCALE FACTOR = .12306 (M-N)e*2 =.997+7 (IN-LBS**2
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FLIGHT 61. FRAME 110107.90 RECORO LENGTH = 1 SEC.
 

SCALE FACTOR = .65545 C(MN3**2 =.532+7 CIN-LB3i*2
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FLIGHT Si. FRAME 110107.90. RECORD LENGTH = I SEC.



SCALE FACTOR = .26S+5 C-N)J*2 m.216 7 (IN-LB3**2
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FLIGHT 61. FRAME 110107.90, RECORD LENGTH = I SEC.



SCALE FACTOR = .849+4 (M-N)*2 =.69&S CIN-LBO.*2
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FLIGHT 61. FRAME 110107.90O RECORD LENGTH = I SEC.



SCALE FACTOR .327+7 (N)**2 =.165+G CLB)**2
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FLIGHT 619 FRAME 110107.90, RECORD LENGTH = I SEC. 

SCALE FACTOR = .463-6 CN)n*2 u.234+5 CLB)-*2 
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FLIGHT 61. FRAME 110107.90 RECORD LENGTH = I SEC.



SCALE FACTOR = .855+6 CM-NW*2 =.694+8 CIN-LB)**2
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FLIGHT Si, FRAME 110107.90. RECORD LENGTH = I SEC. 

SCALE FACTOR = .G17+6 CM-N1**2 a.501+8 CIN-LB)0*2 
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FLIGHT 61. FRAME 110107.30 RECORD LENGTH = I SEC.



SCALE FACTOR s *539+5 C9-N)*.2 -.430+7 CIN-LSB)*2
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FLIGHT SI. FRAME 110106.43. RECORO LENGTH 11 SEC.



SCALE FACTOR .245+0 C63*2



II-~ It.- V 4-I-!: 

tit 

'[ io


1.-* 0 'o0 l 0 0 

000 o t0 

-4 oo 0F - T 
 
10


0 0 00 0 

o to 

1- -4 

0
1H
FREOUbNCY 
 

4- 0- -0 tow ­

to 40 go so too


FREQUENCY C HZ I 

ITEM AWOO2 R/H WINS TIP VERTICAL ACCELEROMETER 

Figure 9. Continued 

85



http:110106.43


FLIGHT S1 FRAME 110108.40. RECORD LENBTH = I SEC. 

SCALE FACTOR .86-2 dm3*92 
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FLIGHT SI, FRAME 11010.409 RECORD LENGTH II SEC. " 

SCALE FACTOR =.951-2 C62n22 
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FLIGHT 81. FRAME 110108.40. RECORO LENGTH I SEC. 
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31 FLIGHT St. FRAME 110109.40 RECORO LENGTH = I SEC. 
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FLIGHT 61. FRAME 110108.40 RECORD LENGTH = I SEC. 


SCALE FACTOR - .31046 CN).*2 n.15745 CLB)W*2 
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FLIGHT 61, FRAME 110108.40, RECORD LENGTH a I SEC.



SCALE FACTOR = .3286 CNI**2 =.166+5 CLB)**2
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FLIGHT 61, FRAME 110108.40 RECORO LENGTH = I SEC. 

SCALE FACTOR = .36465 (N)*2 =.184+4 CLB**2 
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FLIGHT 61. FRAME 110108.40. RECORD LENGTH = I SEC. 

SCALE FACTOR = .104+7 (M-N)*n2 =.840+8 (IN-LOI*W2 
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FLIGHT 61, FRAME 110108.40. RECORD LENGTH = 1 SEC.



SCALE FACTOR = .17+6 CM-NJ*.2 =.152+8 (IN-LB)**2



1* - .--­ ,'--4­ *I -

°? °, ,'PAGE 1 

e~l oa__ 

0 ,0 0
0 t 0 0 

II[ 

- -- -­
0,

a 0 o,0-4 

U0 

.­ .K__:f'. ... . ._ 
- '­ 0 0 I 0 

00 0 D­291 

I 

I 

1 

€­
00 

a 

0 

Go. is W16e e A o'oI 

ITEM -S 
U FREQUENCY ( HZ ) 

-30SENDING MOMENT AT WING STATION 3 

Fige 9. C 

I.--97 

http:110108.40


v 

FLIGHT 61. FRAME 110109.40 RECORD LENGTH = I SEC.



SCALE FACTOR = .466+5 (H-N3**2 m.370,47 (IN-LB)**2
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FLISHT 61. FRAME 110106.40 RECORD LENGTH a 1 SEC.



SCALE FACTOR .266+8 (-N)**2 u.21S+8 CIN-LB:)*2
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FLIGHT 61. FRAME 110108.40, RECORD LENGTH = I SEC.



SCALE FACTOR .126+6 (M-N)**2 m.102+8 CIN-LS2**2



. ~ - - -. , ­

, -t I 0 0I t,, 'V.'4°° I! 

0 0-. -0 1~ ~ -- 4 

- 00 0N­4c- . I 1 -4- ­" " - ,-


0 1 

I o I.. .. 

0 40 Io s o to 

FREQUENCY (HZ I



ITEM - SW128 TORSION AT WING STATION 2



Figure 9. Continued



O00



http:110108.40


FLIGHT 61. FRAME 110108.40. RECORD LENGTH = I SEC.



SCALE FACTOR = .691-5 CH-N)*2 =.561+7 tIN-LB)**2
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FLIGHT 61. FRAME 110109.40 RECORD LENGTH = I SEC.



SCALE FACTOR = .187+5 CM-N)**2 u.152+7 CIN-LS)a*2
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FLIGHT 61. FRAME 110108.40 RECORD LENGTH = I SEC,


SCALE FACTOR = .359+7 CN)**2 =,191 6 CLBI*2
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FLIGHT 61v FRAME 110109.40 RECORD LENGTH = I SEC.



SCALE FACTOR 2 .627+6 CM-N)**2 509+8 CIN-LB)a12
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FLIHT 61, FRAME 110109.40 RECORD LENGTH = I SEC.



SCALE FACTOR - .691+5 CM-N)te2 =.561+7 CIN-LB)**2



-4-­

0 

- -

1 

­

tgA~ 

, 

I


cpg

Q0tQ


I 

©IxI


I 

+ 

I) 
t~~~~0 

I
 

0* 

;I0 &01 0 
0 

-I t 

, 1 0, 

1 I
0 

* 

00 

CLIj-t .... iiI00:i 

@ 

I 

I; 

I 

I' 

1-7 

I 

r 

ITEM -

041.*Xlo-i-­ else -­ lw i e 0Li]1ui1 i9.Vot nue H 
to 40 89 000 

FREQUENCY C HZ )


ST135 TORSION. L/H I-ORIZ TAIL HIN6E LINE 

Figure 9. continued 

ao 

107 

http:110109.40


FLIGHT G1s FRAME 110109.40 RECORD LENGTH = I SEC.



SCALE FACTOR .69445 CM-N)**2 -.563+7 (IN-LB)*2



nt_____ + ____ __________ 

- . . ..... - F --'" 
4 

N* t t 1­


" .02100 1I 0 $i



* I
' 

- .-4- - --
NJ * 'a 4- o€* i 

-- , *, o -0-t 

lt V 

'00 '0--o 0 
-4 0 40 6 -o10



' I 

-- 4 04 0 Ii O~ 

< 1 08
 
ITE. - -8 T4SIN R/i-HO I- A HNELN 

0 0e . 0oclde 

U 111 -1-­ j-~4Jo'8 
.Jig r 9- Concl.......



http:110109.40


FLIST 61, FRAME 110169.73 RECORD LENGTH = I SEC.
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FLIGHT SI. FRAME 110109.70, RECORD LENGTH II SEC. 
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2'FLIGHT 61, FRAME 110109.70. RECORO LENGTH = I SEC. 
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FLIGHT 61. FRAME 110109.70, RECORD LENGTH 1 SEC.
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FLIGHT 61, FRAME 110109.70. RECORD LENGTH I SEC.



SCALE FACTOR x .141-2 (S**2
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FLIGHT St. FRAME 110109.70 RECORD LENGTH = I SEC.


SCALE FACTOR .
,964+6 CN)**2 =.487+5 (LD3n*2
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FLIGHT 61. FRAME 110109.70 RECORD LENGTH z I SEC. 

SCALE FACTOR a .630+6 (N)**2 u.31S+5 (LB)-e2 
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FLIGHT Si. FRAME 110109.70. RECORO LENGTH - I SEC. 

SCALE FACTOR .2946 CNl**2 =.149+5 CLB)**2 
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FLIGHT 61. FRAME 110109.70 RECORD LENGTH = I SEC. 

SCALE FACTOR S .143+6 CN)*2 =.725+4 (LB)W2 

; -­ .­ -­ - -. 

-4-­
0 

*­ j­ -I-- I 
* . 

I I00 __ __ _ I I:T~l 

W oo 

Cie 


Nc t 0 0.w f
U) 0o 10oo o O ot 

i,-I 
V : 

-

O01 o, 0.00: 0 

U t ,- I 

I-. 1 Cn-u 

1-1 -, 


I-
S--.... .. t" I I­

Ii-. t 

E$40 IsO so } 

FREQUENCY C HZ 3 

ITEM - 9V132 SHEAR AT WING STATION 4 

2.19



http:110109.70


FLIGHT SI1 FRAME 110109.70 RECORD LENGTH m 1 SEC.



SCALE FACTOR = .629+7 CH-N)**2 =.511+9 CIN-LB3**2 
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FLIGHT 61 FRAME 110109.70 RECORD LENGTH a I SEC. 


SCALE FACTOR s .249*7 CM-Nin*2 =.202+3 (IN-LSIen2 
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FLIGHT 61. FRAME 110109.70. RECORO LENGTH = I SEC.



SCALE FACTOR = *60446 CP-N]*2 =490489 CIN-LB3*2
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FLIGHT SI, FRAME 110109.70 RECORD LENGTH = I SEC.



SCALE FACTOR .
*944+5 CM-N)n*2 =.786+7 CIN-LB)**2
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FLI6HT GI, FRAME 110109.70 RECORD LENGTH = I SEC.
 


SCALE FACTOR .553--6 C-N)**2 =.448+8 CIN-LBI*n2
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FLIGHT 61 FRAME 110109.70, RECORO LENGTH = I SEC.
 


SCALE FACTOR x .344+6 CM-N)*n2 =.280+8 (iN-LSJ..2
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FLIGHT SI. FRAME 110109.70. RECORD LENGTH = I SEC.



SCALE FACTOR = .16946 (-N)In2 =.137+8 (IN-LB)**2
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FLIGHT 61. FRAME 110109.70 RECORD LENGTH * I SEC.



SCALE FACTOR .221+7 CNJ.*2 =.112+6 LB)**2
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FLIGHT 61, FRAME 110109.70 RECORD LENGTH = I SEC.
 


SCALE FACTOR .5O9+B CNJ*.2 =.257+5 CLB)**2
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FLIGHT 61. FRAME 110109.70 RECORD LENGTH = 1 SEC. "



SCALE FACTOR .o109+7 (C-N)e*2u.884+8 (IN-LBJ**2
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FLIGHT 61v FRAME 110109.70 RECORD LENGTH a I SEC.



SCALE FACTOR ..703+S CM-N)**2 ­ 571+S CIN-L9)*o2
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FLIGHT 61. FRAME 110109.70 RECORD LENGTH = I SEC.



SCALE FACTBR z .103+6 CM-N3"*2 =839+7 (IN-LB)**2
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FLIGHT 61, FRAME 110109.70 RECORD LENGTH = 1 SEC.



SCALE FACTOR = .115+ CM-N)*2 m.933+8 CIN-L)**2
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FLIGHT St. FRAIE 110110.60. RECORD LENGTH II SEC.



SCALE FACTOR = .220+1 6G*-2
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SCALE FACTOR .520-1 (G3**2
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FLIGHT 61. FRAME 110110.80. RECORD LENGTH aI SEC. 

SCALE FACTOR = .253-2 (63n*2 
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FLIGNT 61. FRAME 110110.60o RECOR LENGTH = 1SEC. 

SCALE FACTOR .240-2 C6**2 
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FLIGHT 61. FRAME 110110.S0 RECORD LENGTH = I SEC.



SCALE FACTOR .147+7 CNJ**2 =.743+5 CLBI**2
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FLIGHT 61. FRAME 110110.60. RECORD LENGTH = 1 SEC.



SCALE FACTOR .656+6 (NI*n2 =.332+5 CLB)**2
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FLIGHT 61. FRAME 110110.60 RECORD LENGTH I SEC. 

SCALE FACTOR = .241+6 CNt**2 =.122+5 tLB3't2 
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FLIGHT 61. FRAME 110110.60 RECORD LEN6TH = 1 SEC.



SCALE FACTOR a .148+B (-N)*n2 =.120+10CIN-LB)**2
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FLIGHT 61. FRAME 110110.60. RECORD LENGTH = 1 SEC. 


SCALE FACTOR - .533+7 CN-N3**2 =.433+9 CIN-LB)**2 
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FLIGHT 61. FRAME 110110.60, RECORD LENGTH = I SEC.



SCALE FACTOR .116+7 (N-N)t*2 =.93848 CIN-LB)**2
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FLIGHT 61. FRAME 110110.60 RECORD LENGTH = 1 SEC. 

SCALE FACTOR : .185+6 CM-N3.*2 u.151+8 (IN-LB)**2 
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FLIGHT 61. FRAME 110110.60 RECORD LENGTH = I SEC.



SCALE FACTOR = o236+7 Cl-Nl*n2 ,194 CIN-LB**2
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FLIGHT 61. FRAME 110110.60. RECORD LENGTH = I SEC.



SCALE FACTOR = .149+7 N-N)**2 =.120+9 CIN-LS)**2
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FLIGHT 61. FRAME 110110.60, RECORD LENGTH = 1 SEC.



SCALE FACTOR = .569+6 CM-NJ**2 a.462+8 CIN-LB)*2
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FLIGHT 61, FRAME 110110.60 RECORD LENGTH = I SEC.
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FLIGHT 61, FRAME 110112.00, RECORD LENGTH = I SEC.



SCALE FACTOR : .991+7 (M-N)*n2 =.80449 (IN-LB)**2
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FLIGHT 61, FRAME 110112.00, RECORD L H = I SEC.
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FLIGHT 61. FRAME 110112.00. RECORD LENGTH = I SEC.
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FLIGHT 61. FRAME 110112.00. RECORD LENGTH = I SEC. 
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FLIGHT 61. FRAME 110112.00. RECORD LENGTH = 1 SEC.



SCALE FACTOR = .275+S CM-N)+*2 =.22348 CIN-LB)**2
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FLIGHT 61, FRAME 110112.00. RECORD LENGTH = I SEC. 


SCALE FACTOR = .197+7 (NI*-2 =.996+5 CLB)"*2 
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FLIGHT GI FRAIE 110112.00. RECORD LENGTH = I SEC.



SCALE FACTOR = .2B0*7 CM-NJ**2 = 211+9 (IN-LB)**2
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FLIGHT 61v FRAME 110112.00. RECORD LENGTH = I SEC. 

SCALE FACTOR = .785+6 (P-N)**2 =.63748 CIN-LB3)2 
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FLISHT 61. FRAME 110112.00. RECORD LENGTH = I SEC.



SCALE FACTOR .119+7 CM-N) *2 =.969+9 (IN-LB)**2
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FLIGHT 46. FRAME 135952.70. RECORD LENGTH = 1 SEC



SCALE FACTOR = .295"6 CM-N)**2 =.240+8 (IN-LB)**2
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FLIGHT 48. FRAME 135954.30. RECORO LENGTH = 1 SEC 
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FLIGHT 48, FRAME 135954.30. RECORD LENGTH = I SEC



SCALE FACTOR = .351+6 (-N]**2 =.265+8 CIN-LBJw*2
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RECORO LENGTH = I SEC.FLIGHT 48. FRAME 13506.SO. 
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FLIGHT 40. FRAME 135090. RECORO LENGTH II SEC. 
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FLIGHT 40 FRAME 13515.60. RECORO LENGTH = 

SCALE FACTOR = .546+6 (N)**2 m.276+5 CLBI*2 
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FLIG4T 48. FRAME 135958.80. RECORD LENGTH = I SEC.



SCALE FACTOR = .140+7 (N)**2 =.709+5 (LB)**2 
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FLIGHT 46. FRAME 135056.9. RECORD LENGTH = 

SCALE FACTOR = .231+6 (N]**2 =.117+5 CLB*,2 
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FLIGHT 4a, FRAME 135956.80, RECORD LENGTH = I SEC.



SCALE FACTOR , .1234 (N)**2 =,619+4 CLU3*2
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FLIGHT 43. FRAME 1359.60. RECORD LENBTH I SEC. 

SCALE FACTOR = .500+ CN-f)2 =.477 1@IN-LB3**2 
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FLIGHT 49o FRAME 13506UO RECORD LENGTH = I SEC.



SCALE FACTOR s .2S4+ C-N)*2 =.20641GCIN-LB)*n2
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= I SEC.FLIGHT 49, FRAME 1359580. RECORD LENGTH 

SCALE FACTOR = .42146 CM-N]n2 u.34246 CIN-LB)*e2 
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FLIGHT 40. FRAIlE 135956.80 . RECORD LENGTH = 1 SEC.



SCALE FACTOR = .135+6 (-NJn*2 =.1090 (JN-LB3**2
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FLIGHT 4, FRAME 135M5.809 RECOR LENGTH = I SEC.
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FLI6HT 4. FRAME 1 v.8RECORD LENGTH = I SEC. 

SCALE FACTOR = .953+5 (-N)*n2 =.774+7 (IN-LSB)*2 
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FLIGHT 4,. FRAMlE 135956.88o RECORD LENGTH = I SEC. 

SCALE FACTOR .323+6 C-N)*n2 =.282+8 CIN-L1)32 
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FLIGHT 48a FRAME 135956.80. IRECCRO LENGTH = I SEC.


SCALE FACTOR ,77445 C-N**2 =.24.7 IN-L3**2
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FLIGHT 48 FRAME 135956.80. RECORD LENGTH = 1 SEC 

SCALE FACTOR = .656+7 (N)**-2 =.332+6 (IN)n2 
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FLIGHT 48, FRAME 135956.80. RECORD LENGTH = I SEC 

SCALE FACTOR = .170+7 CNJ*.2 =.98.+5 (LB)I*2 

-t -t-f-

I OK w a I I 

0 S 
-= --0 .... 

S0 
.LDX10 0 -1 1 

a. 

w 
hII4 7$ -, 

+" jpw 
N ~ -- - -' .. . 

20 at la 40 oO " 

FREDUENCY C HZ I 

ITEM - ST072 SHEAR, R/H HORIZ TAIL ROOT 

Figure 23. ColLinu.:d 

453 

http:135956.80


FLIGHT 48, FRAME 135956.90. RECORD LENGTH = I SEC 

SCALE FACTOR = .182+7 C-N)**2 =.146+9 (IN-LB)**2 
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FLIGHT 48, FRAME 13595.80, RECORD LENGTH = 1 SEC



SCALE FACTOR = .658+2 (-N)*2 =.535+4 (IN-LBJ**2
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FLIGHT 48. FRAME 135956.80, RECORD LENGTH = 1 SEC 
 ...
 

SCALE FACTOR = .182+7 (f-N]**2 =.148+9 (IN-LBJ.*2
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FLIGHT 48 FRAME 135956.80. RECORD LENGTH = I SEC



SCALE FACTOR = .314+B CM-N')e2 =.255+8 CIN-LB]**2
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FLIrHT 48. FRAME 1358.55. RECORO LENSTH 1 SEC. 

SCALE FACTOR - .392+1 CS3*n2 
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ITEM - AVOOI L/H WING TIP VERTICAL ACCELERATION 
l1"iguJ'c 24.	 Power Spectra - Flight 48, Run 7R1, Point 5 

T, 135958.55, AT = 1 Sec, = 18.70 deg,
'Aa= 1 45 deg. 	 Nm 
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FLIGHT 48. FRAIE 135M.55. RECORS LENGTH I1 SEC. 
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FLIGHT 46. FRAME 135 .55, RECORO LENGTH 1 SEC. 

SCALE FACTOR , .576-2 C63042 
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FLIGHT 46, FRAME 13595.55. RECORD LENGTH 1 SEC. 

SCALE FACTOR = .434-2 (S**2 
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FLIGHT 48. FRAME 135M.55. RECORD LENGTH , 1 SEC. 
SCALE FACTOR s .00S5 (N)2 u.36245 (LB)**2 
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FLISIHT 48. FRAME 135956.55. RECORD LENSTH = I SEC.
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FLIGHT '4. FRAME 13515.55. RECORD LENGTH = 1 SEC.



SCALE FACTOR .S2S+7 C-N]n2 =.66840 CIN-LBS**2



011ji~i~t 
a 

I It 
! I 

Nx I - I" t 

I 

I­

( 

-

wi


0, 

I 

tIt 

OD-D I 

, :0 

1 ­

-J11 

C 

04txiv 

o 
0 

0 ' 

j 

10 

0 

0 

0 

f 
, 

0 

0 

-t­
0 

0 

06 o 

,:0,: 
01j0 0 

'' 

0 

0 

0 O 

ion 

­

o0o 0 

A. ] 0 0100 0 .0 ,0 

II,.o 4 a­ so Ia.o 

-J 

lIE w SW124 BNIN 
° 
 

'ur 
MOENI '4 

4


ATWN 
00 

TTO
 
0Lue 

ITEM -

04,


20 40 00 

FREGUENCY C HZ 2 

9V124 BENDING MOMENT AT VING STATION I 

Figure 4. Continued 

tO 100 

469 

http:13515.55
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FLIGHT 48. FRAME 135958.55, RECORD LENGTH = 1 SEC
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FLIGHT 48, FRAME 135958.55. RECORD LENGTH = 1 SEC 
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FLIGHT 48, FRAME 135958.55, RECORO LENGTH = I SEC
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FLIGHT 48, FRAME 135958.55, RECORD LENGTH = 1 SEC 
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FLIGHT 48, FRAME 134426.20. RECORD LENGTH = I SEC 

SCALE FACTOR = .973-1 C6)*-2 
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FLIGHT 48. FRAME 134426.20. RECORO LENGTH = 1 SEC 

SCALE FACTOR = .307-2 6**2 
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FLIGHT 48. FRAME 134426.20, RECORO LENGTH = I SEC 
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FLIGHT 48. FRAME 134426.20. RECORD LENGTH = 1 SEC 
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FLIGHT 40, FRAME 134426.20. RECORD LENGTH = I SEC. 
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FLIGHT 48* FRAME 134426.20. RECORD LENGTH = 1 SEC. 

SCALE FACTOR .*439+5 CN)**2 =.222+4 CLBn**2 


1) 
I .OXIO 

0Il0 0.0->--.o -­

N -- -
I-­ ,,rjzr 

co 
0 0 0 

0 
-

4-4­

3 r -i­ 40 - - 0 80 |10 

ITE 9'±Lr - HA25. TVN -¥2 TTO o06-oe 

o360gFREgUENCY C HZ 

ITEM SHEAR AT WING STATION 3-SV129 


Figure 25. Continued 


492 


http:134426.20


FLIS14T 40. FRAME 134426.20. RECORO LENGTH = I SEC.



SCALE FACTOR = .2804 (C-N3*.2 .229+6 (N-N)*2
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FLIGHT 48, FRAME 134426.20. RECORD LENGTH = I SEC.
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FLIGHT 46. FRAME 134426.20. RECORD LENGTH = I SEC.



SCALE FACTOR = .109+5 CM-N]*2 =.694+6 CIN-LS)fl2



* --­ -t -I­

0 0 

- 0-0 -­

I-i~--­ - -­ -i-< 

F-In 

~.~aC~ 0 0 0Am 10 W 

-- .. 
to-­*Ct 25. Cotne .. ... ,Iq7 so to 

499. -­ r. J -
.0.0-

NTR- W2 -OSO -T1---TAIO 
- 'Ig­ - 251 nznc 

a -­ 499 

http:134426.20


FLIGHT 4.v FRAME 134426.20P RECORD LENGTH = 1 SEC.
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FLIGHT 48, FRAME 134426.20, RECORD LENGTH = I SEC 
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FLIGHT 48, FRAME 134436.20, RECORD LENGTH 
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FLISHT 49. FRAME 134436.20. RECORD LENGTH = I SEC. 

SCALE FACTOR .537+6 (N)*n2 =.271+5 (LB**2
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FLIGHT 48, FRAHE 134436.20. RECORD LENGTH = I SEC. 

SCALE FACTOR .72+6 CN)**2 =.441+5 CLB)**2 
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FLIGHT 48. FRAME 134436.20. RECORD LENGTH = I SEC. 
SCALE FACTOR = .233+6 CNI*n2 =.1185 CLBW**2 
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FLIGHT 48, FRAME 134436.20. RECORD LENGTH 
 = 1 SEC. 
SCALE FACTOR = .134+8 (M-N)ne2 =.1091OCIN-LB,.*2



t



0---


IL 
.J 1.o x-o 

L4



UhIi 4-p-h*4-T aa.( - -

o 

-

InI



ai w3m
a 

.oXID 

tu
Lii -

N -

C t40 - on -- '0 

FREQUENCY C HZ I


ITEM -
SW124 BENDING MOMENT AT WING STATION 1

PLigure 27. Continued 

544 


http:134436.20


--

FLIGHT 49. FRAME 134436.20. RECORD LENGTH = I SEC.
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FLIGHT 48, FRAHE 134436.20 RECORD LENGTH = 1 SEC.



SCALE FACTOR = .362+6 (-N)**2 =.2948 (IN-LB)**2
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FLIGHT 46. FRAME 134436.20. RECORD LENGTH = I SEC. 

SCALE FACTOR = .C111.6 CMid2 =.560+4 CLB3*2 
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FLIGHT 46v FRAME 134436.20. RECORD LENGTH = I SEC.



SCALE FACTOR = .684+6 CH-NJa2 =.555 S (IN-LB)**2
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FLIGHT 48. FRAME 134436.20. RECORD LENGTH = I SEC. 

SCALE FACTOR - .907 5 (H-N)**2 =.736 7 (IN-LB)0*2
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FLIGHT 48. FRAME 13443.20. RECORD LENGTH = 1 SEC. 

SCALE FACTOR = .107+6 CH-N]**2 =,8667 (-N**2 
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FLIGHT 46. FRAME 134436.20. RECORD LENGTH = 1 SEC 

SCALE FACTOR * .3194-7 CN**2 =.161+6 (LB)**2 

3--

I 

553
I- -

N 1.0,000 - I IY - I 

3:
I-. 
- AI4! 

Nt z -. r 27 Co - - I 
UJ so 

-J
1 .x 0 -l - i:iI I 

'a'



-- i-

I 030D~~2 fr.4.. 4. I-O p -

FREQUENCY ( HZ 3 

ITEM - ST072 SHEAR. R/H HORIZ TAIL ROOT 

Figure 27. Continued



553



http:134436.20


FLIGHT 49, FRAME 134436.20. RECORD LENGTH = I SEC



SCALE FACTOR = .192+7 CM-N)**2 =.156+9 (IN-LB)**2



II 

- - A 

-i 
N 

o 44 

4 ~-00- -0 

-o
. i ­ 0 


I--4 - - _ 
w -

CL I °o-a , 

:4 fEE ----­ . 
4 -. .. . --. , [­

4,- ' : 4- i- V 
-044 


40 60 00 Ito 

FREQUENCY ( HZ I 

ITEM - ST078 BEND. MOM* L/H HORIZ TAIL ROOT 

Figure 27. Qo tinued 

554



http:134436.20


---

FLISHT 48, FRAME 134436.209 RECORD LENGTH = 1 SEC



SCALE FACTOR .134 7 (M-N)n*2 =.109+9 (IN-LB)*n2
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FLIGHT 4B1 FRAME 134436.20. RECORD LENGTH = 1 SEC



SCALE FACTOR = .1147 (-N3*e2 =.925+8 (IN-LS)*n2
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FLI6HT 49. FRAME 134436.20, RECORD LENGTH = I SEC



SCALE FACTOR = .795+6 CM-N]e*2 =.637+8 (IN-LB)**2
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FLIGHT 48. FRAME 134439.S5. RECORD LENGTH 
 = 1 SEC



SCALE FACTOR = .307+1 (6-).*2


\



L ~: .. : : m--

I .D|0xI 

t~t



N f - ---­

'4-- - ---­
0 

00 0 

(A 0 

L) C01 0
- 0 0 0 0 00 0 

L00 7-
 1 

o



-i-- - ----


---m- 2 P -1u P 

T= 1 J 
I v - e4 --

FREGUENCY C HZ I


ITEM - AWOOI L/H VIN6 TIP VERTICAL ACCELERATION 

Fagtnc 283. Power Spectra - Flight 48, Run 5, Point 4 
T. = 134439.65, T = 1 Sec, ­ 15.95 deg, 


Ae= 1.80 deg. 


558



http:134439.65
http:134439.S5


-
-

FLIGHT 48. FRAIME 134439.65. RECORD LENGTH = I SEC



SCALE FACTOR = .429+1 C83ln2
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FLIGHT 48. FRAME 134439.65# RECORD LENGTH = 1 

SCALE FACTOR = .216-1 C63'.2 
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FLIGHT 48. FRAME 134439.65. RECORD LENGTH = I SEC



SCALE FACTOR = .350-2 63**2
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FLIGHT 48, FRAME 134439.65. RECORD LENGTH = 1 SEC



SCALE FACTOR = .153-2 C63*-2
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FLIGHT 48o FRAME 134439.65, RECORD LENGTH = 1 SEC 

SCALE FACTOR = .164-3 (63**2 

O


I .OltO 

- -I---- f­
-xoo+-j-r 

...
N ...... .. ....... L- -ft__---.... 
 

-N-


NI~- -- E40 

0 too
" 0 iu- e 2 8.O ­4-i 

IT -- M 2 C -G - ATERL---- LE-I-- ET-ER 

Wti'+ o, o56 
F.iue2.!o~ne 

ztrr56­

http:134439.65


FLIGHT 48. FRAME 134439.65. RECORD LENGTH = I SEC. 

SCALE FACTOR = o120+7 (NI*02 =.607*5 (LBI**2 
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"1FL16HT 43. FRAME 134439.65. RECORD LENGTH = 1 SEC. 

SCALE FACTOR = .146+7 CNJO*2 =.738+5 LB*'2 
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FLIGHT 49. FRAME 134439.65. RECORO LENGTH = 1 SEC. 


SCALE FACTOR = .923+6 (N**2 z.467+5 CL8**2 
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FLIGHT 48, FRAIE 134439.95. RECORD LENGTH = I SEC. 

SCALE FACTOR = .915+5 (-Nl*n2 =.743+7 Ct-N)**2 
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FLIGHT 48, FRAME 134439.65. RECORD LENGTH = 1 SEC. 

SCALE FACTOR = .204+B (M-N)*n2 =.165+1O(IN-LBSe2 
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FLIGHT 49. FRAME 134439.65. RECORD LENGTH = 1 SEC.



SCALE FACTOR = .225+8 C-N)J.2 =.1821OCIN-LB)a*2
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FLIGHT 48, FRAME 134439.65. RECORD LENGTH = 1 SEC. 

SCALE FACTOR .912+B (11-N]E2 =.7408 (IN-LB)*2
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FLIGHT 49, FRAME 134439.65. RECORD LENGTH 1 SEC. 

SCALE FACTOR .209+6 (N]**2 =.106+5 CLB3**2 

1. 01 

I --- ® 

I-I



1 -
U< 
 -- T-a­

-/ , f I1/ 4 go t 

20 40 60 *0 O



FREQUENCY C HZ J 

ITEM - SW133 BENDING MOMENT AT WING STATION 4 

Figure 28. Continue4 

572



http:134439.65


FLIGHT' 4, FRAIIE 134439.65, RECORD LENGTH = I SEC. 
SCALE FACTOR 
 .152+7 (H-N]*2 =.123-9 (IN-LB)*2
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FLIGHT 48. FRAME 134439.65. RECORD LENGTH = I SEC. 

SCALE FACTOR = .217+6 C-Ni)2 =.1-768 IN-LBI**2 
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FLIGHT 59. FRAME 031907.00. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .162+7 (M-N**2 =.131+9 (IN-LB3**2
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FLIGHT 59. FRAME 031907.00. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .341 6 CM N-**2 =.277+8 (IN-LB)ln2
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FLIGHT 59. FRAME 031907.00. RECORD LENGTH = 2 SEC. 
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FLIGHT 59, FRAME 031907.00. RECORD LENGTH = 2 SEC 
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SCALE FACTOR = .309+7 (M-N]*n2 s.25149 (IN-LB)n*2



-F-I $ 
O DX . . .I .. 

-) ' o' 
NA,O* I 0 

Q 0 0 10" 

10 0 4 00I No 0 1 


I D o 0-o 


w


(L 

-i 
0 

-
CLb- Q 

I II 

-4 f V- t.. L 

0I- _ _ 

F rI1 . Co'


-J655


I.
ID I I 

20 40 ea $0 $00 

FREGUENCY ( HZ 

ITEM - 9T073 BEND. MION. RfIH HORIZ TAIL ROOT 

Filgure 51. Continued1 


655



I 

0  

http:031907.00


---

FLIGHT 59o FRAME 031907.00 RECORD LENGTH = 2 SEC



SCALE FACTOR = .430+7 (M-N)**2 =.349+9 (IN-LB)OW2
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FLIGHT 59. FRAME 031907.00. RECORD LENGTH = 2 SEC



SCALE FACTOR = .151+7 CM-N]**2 =.123+9 CIN-LB**2
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FLIGHT 48. FRAME 133415.00, RECORD LENGTH = I SEC. 
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FLIGHT 48, FRAME 133415.00, RECORD LENGTH = 1 SEC. 
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FLIGHT 48. FRAME 133415.00, RECORD LENGTH = I SEC.



SCALE FACTOR = .328+7 (M-NI**2 =.266+9 (IN-LB)**2
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FLIGHT 48. FRAME 133415.00. RECORD LENGTH = 1 SEC.



SCALE FACTOR a .34945 (M-N)*n2 =,283+7 (IN-LB)**2
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FLIGHT 48. FRAME 133415.00. RECORD LENGTH = I SEC.



SCALE FACTOR = .109+8 (H-NI**2 =.897*9 (IN-LBJ**2
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FLI6HT 48. FRAHE 133416.70. RECORD LENGTH = I SEC.
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FLIGHT 48. FRAME 133416.70. RECORD LENGTH = I SEC.
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FLIGHT 489 FRAME 133417.30. RECORD LENGTH = I SEC.
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FLIGHT 48. FRAME 133417.30. RECORD LENGTH = 1 SEC.
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FLIGHT 49 FRAME 133417.30. RECORO LENGTH = 1 SEC.



SCALE FACTOR = .306 7 (M-NJ*.2 =.249+9 CIN-LB)**2
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FLIGHT 49. FRAME 133417.30, RECORD LEN6TH = I SEC.



SCALE FACTOR = .41846 (M-N)ee2 =.3408 (IN-LB)*2
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FLIGHT 48. FRAME 133417.30. RECORD LENGTH = 1 SEC.



SCALE FACTOR = .324+8 (-NJ*.2 =.26310CIN-LB)**2
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FLIGHT 48. FRAME 133419.00. RECORD LENGTH = I SEC. 


SCALE FACTOR = .28+7 CN)*2 =.146+6 CLB)J2 

*4I 
4 . 

0, 	
 4 

=1 0 00 0 000W .0no-oz: 	 - -- ' 	 o' ccO 

0 * b 0 	 . 0 . 

0 00.*-	 -	 1 0 * 0U) 	 I , 0 0 0010

z 
" 

I , 010 000 
lW 1 *oxlo -0t I 00 O iOjo~ - - I 01o 	 o 

(L 0 0 

Id 	
o 

1 O4 

i,I IS 
0. 	 i- 4 A' A A M 0 

oI 4 I s 

REI-' ( H



ST077 S



N-	 4 l-t t ' 

Fi .,o_.P:r 
 S - F 4 Run 6, 	 I6 

.4' 4 

a04IIG9hT0AGE 

FREQUENCY ( HZ )
T 1 = 13490 AT=1Se 	 Io 23dg 

ITEM - ST077 SHEAR. L/H HORIZ TAIL ROOT 

F],',ULCe )5. Power Spectra - Flight 48, Run 6, Point 6 
T,=133419.0, AT = 1 Sees om= 12 3 deg. 

AOL= 2 40 deg.



673



http:133419.00
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FLIGHT 48. FRAME 133419.00. RECORD LENGTH = I SEC.



SCALE FACTOR = .343+7 CM-N3**2 =.279+9 CIN-LB)**2
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FLIGHT 48. FRAME 133419.00. RECORD LEN6TH = I SEC. 

SCALE FACTOR = .661+6 CM-N]**2 =.536+9 CIN-LBJ**2 
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FLIGHT 48a FRAME 133419.00. RECORD LENGTH = I SEC. 


SCALE FACTOR .560+8 (M-N)**2 =.45410(IN-LBJ**2 
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FLIGHT 48, FRAME 133420.30. RECORD LENGTH = I SEC.



SCALE FACTOR = .295+7 (N)**2 =.14946 (LBJ**2
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FLIGHT 489 FRAME 133420.30. RECORD LENGTH = I SEC.



SCALE FACTOR .473+7 (N)*2 =.23946 CLB1**2



.-- - . 4 t 

0 

"


t *OLE4 *



0' 

1*oxt		 og 

,-	 * - - ! 

10 

I.- 0 +4,- 0 oi 
0- 04 1 
'-j 0 ; 0 0 

1- -xot 0 	 c- 40 .
C 	 I . ' -T , I I 4 4 

oo 40 0a1 Q0J 
,-	 i OD 0 I 0 00 0 ;.... 101 I(-	 °?
a. z 	 ___ __ ___o-__ __ 

,-o -FooFoo 	 o



r 	 W 1 ~IflAUPAGE I 

CR10 toFREQUENCY C HZ p 

ITEM - ST072 	 SHEAR. R/M HORIZ TAIL ROOT 

679



http:133420.30


FLIGHT 48, FRAME 133420.30. RECORD LENGTH = 1 SEC. 

SCALE FACTOR = .319 7 (M-N)**2 z.259+9 (IN-LBI**2 
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FLISHT 48. FRAME 133420.30 RECORO LENGTH = I SEC.
 


SCALE FACTOR = .121+7 (N-N)**2 =.981+8 (IN-L8**2
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FLIGHT 48 FRAME 133420.309 RECORD LENGTH = 1 SEC. 

SCALE FACTOR = .139+9 CM-N)*2 =.113-11CIN-L8.*2 
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FLIGHT 77v FRAME 153311.00. RECORD LENGTH = 2 SEC.



SCALE FACTOR a .2726 CN)**2 =.139+5 (LB)**2
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FLIGHT 77. FRAME 153311.00. RECORD LEN6TH = 2 SEC.



SCALE FACTOR a .214+6 (N)**2 =.108+5 (L93*2
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FLISHT 77v FRAME 153311.00, RECORD LENGTH = 2 SEC. 

SCALE FACTOR s .392+B (M-Nln-2 =.318+8 CIN-LB)*2 
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FLIGHT 77. FRAME 153311.00. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .118+6 CN-N)**2 =.SSS.7 CIN-LB)**2
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FLIGHT 77. FRAME 153311.00. RECORO LENGTH = 2 SEC.



SCALE FACTOR c .146+6 CW-N)*n2 =.118+8 (IN-LB)o.2
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= 2 SEC.FLIGHT 77. FRAME 153311.00. RECORO LENGTH 

.4865 CM-NJ*2 =.395+7 CIN-LB)**2SCALE FACTOR = 

2....xl 
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FLIGHT 77. FRAME 153315.50 RECORD LENGTH = 2 SEC. 

SCALE FACTOR = .502+6 (N)t*2 -.254+5 (LBJ**2 
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FLIGHT 77. FRAME 153315.50. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .543+6 CN)**2 =.275+5 CLB)**2 
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FLIBHT 77, FRAME 153315.50. RECORD LENGTH = 2 SEC. 

SCALE FACTOR = .530+B (-N)..2 =.430+8 (IN-LB)3*2 
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FLIGHT 77, FRAME 153315.50. RECORD LENGTH a 2 SEC.



SCALE FACTOR .233+S CM-N)*2 =.19S+8 CIN-Lg)**2
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FLIGHT 77, FRAME 153315.50. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .415+6 (M-N)*.2 =.337+8 (IN-LB**2
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FLIGHT 77. FRAME 153315.50. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .147+6 CH-N]**2 =.120+8 CIN-LB3*2 
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FLIGHT 77. FRAME 153318.50. RECORD LENGTH = 2 SEC.



SCALE FACTOR .165+7 CN)e*2 u.935+5 CLB)**2



-T.-

I 

4- 00_ 1 -. 10 o' L-°.
'- ' . -- 4 - I 

<*- ,- -- -i , 'o.-


O--Uo 2 - 0 0­

00 10
-0 ­

- '00 
°, I 0-9o 4 o 

S..... 10 0 0, 

4 "1 0"4 fl 4 44 

o 0 

0 4 - - - Y I 

O10 , 

to 49 on] so t%



FREGUENCY E:HZ I 

ITEM - ST077 SHEAR* L/H WORIZ TAIL ROOT 

Power Spectra - Flight 77, Run S&C-R, Point 9 
T 1 153318.5, AT = 2 Sec, 9 2 deg, 

A t- 1.24 deg. o 

695



http:153318.50


FLIGHT 77,. FRAME 153318.50. RECORD LENGTH = 2 SEC. 

SCALE FACTOR = .219+7 CN3*.2 =.111+6 (LB.,*2 
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FLIGHT 77, FRAME 153318.50. RECORD LENGTH = 2 SEC.



SCALE FACTOR = .179+7 (M-N3**2 =.146'9 CIN-LB)**2
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FLIGHT 77, FRAME 153318.50, RECORD LEN6TH = 2 SEC.



SCALE FACTOR = .123*7 CM-N3*'2 =.995+8 CIN-LB)**2
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FLIGHT 77. FRAME 153318.50. RECORO LENGTH = 2 SEC.



SCALE FACTOR .114+7 CM-N]**2 =.927+8 (IN-LB)**2



---..------- L---: -

i .. .. .. -- ------ -- - t 

0I



0 

?o, 

1,-
 _0o ,



S0 , ,0 l 0 

1% w- ' I I 

o orr,-rv
0 J ;:

atz 

4-,, i -r-. . f! t , -1- 0 r 0 o 1 0 1 

00 ODj0 00 0 0 

o Ii 'I 0:0 

aN ..-. - 4N * 
4 

4- . . . .4 

-z I ­117:4 
t-t . ........ PAGEl,



3 1, 

2 0 ] { 60 so1 0FREQUENCY ( HZ 
 Q 

ITEM - ST135 TORSION, L/H HORIZ TAIL HINGE LINE 

tvgure jD. Continued 

699



http:153318.50


___ _ 

FLIBHT 77. FRAME 153318.50, RECORD LENGTH = 2 SEC.



SCALE FACTOR = .148+7 (-N]**2 =.120+9 CIN-LB)**2
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FLIGHT 77. FRAME 153322.35, RECORD LENGTH = 2 SEC. 

SCALE FACTOR = .28S67 (N3**2 =.145+6 (LB)*.2 
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Firure 1lO. 	 Power Spectra - Flight 77, Run S&C-R, Point 10


TI1 153322.35, AT = 2 Sec, aNm= 12.2 deg,
A01- 2 55 deg. 	 o 
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FLIGHT 77. FRAME 153322.35 RECORD LENGTH = 2 SEC.



SCALE FACTOR : .525+7 (N)**2 =.265+S CLB)**2
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FLIGHT 77, FRAME 153322.35, RECORD LENGTH = 2 SEC.



SCALE FACTOR = .232+7 CM-Nln*2 =.1889 (IN-LBI**2 

4 . .....- T-I--'-- -- t -

I -I I 1 4 

T-II- ­

0t o-t0I -­
011 

N 1 0 o I 

4 

iL 
to l 

00o:o 

o o, I (I °! i 
o-4 -Q I I-

U t- -loo 0 1­0., I-- F1 -
- -is-t 00 o 0oc 0 

oI o I mo t 

LI , I 
o 0w I I 

-- 41- -'

03I 0 01
a. 

1 I - IS-" 

to 43 
 60 
 601lO



FREQUENCY [HZ )


ITEM- ST078 SEND. MOM, L/H 
ORIZ TAIL ROOT



Fgtue 0. Continued



703



http:153322.35


FLIGHT 77. FRAME 153322.35, RECORD LENGTH = 2 SEC.



SCALE FACTOR = .284+7 (M-N]**2 =.231+9 CIN-LB)**2
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FLIGHT 77. FRAME 153322.35. RECORO LENGTH 
 = 2 SEC.



SCALE FACTOR = .244+7 (M-N)*2 =.19S+s (IN-LB)a*2 
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FLIGHT 77. FRAME 153324.35. RECORO LENGTH = 2 SEC.
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FLIGHT 77. FRAME 153324.35, RECORD LENGTH = 2 SEC.
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FLIGHT 77, FRAME 153324.35, RECORD LENGTH = 2 SEC.



SCALE FACTOR .289+7 CM-N3**2 =.234+9 (IN-LBJ**2
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