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Coordinate Axis
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Coordinute Force and Moment
Coordinate Force and Monment
Rotation Angle about X Axis
Rotation Angzle about ¥ Axis
Rotation Angle ebout Z Axis
Sending Stiffness

Gnear S5tiffness

Toraional 3tiffness

Bean Zlement Center of Oravity Coorcinates with respect

to Llement Coordinates X Yis Zi

A Circular Frequency

State Vector at a Dection

Transfer Matrix

Indicates Matrix Transpese in Section 1,0

Beam Boundary at Largest Value of A

Beam Boundary at Omallest Value of X

Other symbols are definea as they are introduced in

the text.
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INTRODUCTION

Tne Lanrley Research Center (LAC) is currently investigating certain
aspects of the longitudinal oscilliations nssociated witn several liquid

propellant booster combinations. In connection witn this investization

Thor-Agena test vehicle. Oue parameter of considerable interest in these
tests will be the natural frequencies of the test vehicle (s) during
longitudinal oscillation. A commonly used anaiytical methold for predicting
these frequencies idealizes the structﬁre as & bar such that the one=-

dimensional wave equation applies for elements of the bar, Yven with this

[

dealization, numericai analysis techninues are requircd to obtain soiutions
since tue structural prorerties are neither uniform nor linear in most casos,

Ihe purpose of this report is to provide natural frequencies for the LRC

t

est vehicle (s) resulting from such an idealization, 1In addition to the
natural frequencies, the associated normil modes of oscillation (mode

shapes)'are also provideia. The namerical solutions are obisined using a
standard production program {DB 11) developed by Douslas for use with the

IBM 7094 dizital computer, This is an existing Douglas prosg

ram, widely
used in the ¥issiles and Ipace Jystems Division, The first pcrtion of

tnis report is a mecnograph describing the program, The monozraph begins
the matnematical model with the transfer matrix between clements of the
bar. The rows of this matrix correspond to writing tne one dimensional

wave equation as two first order equaticns in their finite difference form.

The structural properties of tre LRC test vehicle (s5) were compiled as a
part of this study for use in the computation of natural f{requsncies and
mode shapes. A number of weight and stiffness configurations simulating
various flignt times were analyzed using these data and the bar idemlization
previously nentioned, This work was uone under countract to LRC and is
restricted to trose cases and the idealization desired by the Langzley

Researcn Center,
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PROGRAM  MONOGRALH

1.1 Introduction

T“e DAC diuiial urogram BHA, writtern for the Lt 7O curpuier, o the
rincipal nunerical teol used Zor letemuining the mde siaves and neturel

frequencies of beam typc structures Ly the Misoile und Opace Cystems

Division. The basic erement or vul'ldin: blzoes in Lhe rrogren is & Timeshenio

L\-)

team element with provisions for pariicuwlarizin: this elerent 1o suit the
needs of & sgiven provlem. The nurerical Yecincue enwloyed 'n tle pro:ren
is Mykiestad's methiod. <tis nethod, publisned for 1he Bernoulli-fuler
beam by MyFlestad in 1344, Tas received wide atitention in the 1it(razurol’2
of bteam dynemicg and will ve cutlined orniy bLriefly Liere. In esscnce the
method utilizes the lirear transforreiion that exists Leiwecn adlecent
elements ol a beam to relate eonditions at the weam boundaries in terms of
a circular frequency. In the precess of spceilving bnowvn boundary condi-
tions, a8 determinant containing this Crecuency is detined, The zeron of

this determinant yield the naiurzl [requencies.

1.2 Methematical Model

A description of the bvaslic elerent in the DRIL progrom will be nrovided
in terms of the lirear trunsfvcsuati on roiating tie siate of ad aceri sec-
ticns in the veam. Conditiors at a section are gciven vy a (2 x 1) staz
vector £  which eortains turce omihorunsl ihrces, monents, derleciions,

end rtations. The relstion petween sectinng is:

SECIAE

where Ai is the matric represertation of 1he linecar Lransformetisre be-
wween sections. The courdinate system used by ihe progrem in tinis fonmwula-

tion is
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The resulting ecuaticn ig;

Q =

o
]
e

o

)

§i

22y

0 a a -, a, .,
3 L2 25 ol
—— o—— e
1,\‘&)

A iz a polynimial in the frequency @ and its ronts

o+

“he determinen
correspord to the desired retural Irecuencies

i

T™o variations of ithe tesic £, tirars’er metrix ere nocoible wi'n DBRL

: S )
L

Y by

Crie »i trese variations ponmidts a wend in tre bram and the oiher Lrovides
for the attaciment of a branch tenm., In such cases only tie itrassier
matrix at station (1) is alf’ected. A bend in the Leam requires a point

transformation of the allected A_; densted oy Ti .

M, T, G, L
AR =]
0

A lranch Leam requirec iris end the continvily ecgusticons at the intersectiion.

Tre branch veam ig treated exactly as tle tesice bteam escept that end comdi-

tiore st the irterzcetion are set Ly Ltoe continuity concitlors. A metrix
Sor tre urnren Leam. e colwws of ﬁ__{

At

A dencted A"i is determined

-3

corresnondins to zero conditios ot the Lin ot the Lrsrceh &re delcied and

the resulting ratrix fo partitiorned nio two scuere Lwirices dinste

pon

"

B,_] and C-q . e P'I' valrix corresoneint Lo Lie Jorece couaticrs and
. ¥ .

C.ﬂ correspenaing 1o tie dellectlon o ecountions,  ienoting tle peinl Lrons-

ferration ior the opranch Jor 1L the oon e Lo the alteetled paslic Learm

trarnsfer ratrix A, is:

]
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wi.ere

-1 *
N 3
i

< = T O Tz

Wi N rxﬂ bt Ni

“he frequency detexwipant ‘nvelves only iie cocrdinaies 07 <he bLasic veam.
LAy

The transformation irmplicit in this f[urmmu’ation hes & first order singn

larity for each brench.

S

1.3 Frozram Input Cheracteristic

v

The idealiza*ion of wel ht and stil.ness characterigtice for input to the

progran eare on an element lesic, The weilght Clstrivution, delined by =

series of streizht lines, is Inlere‘ed I tie nrogram over each elerent

end the totel lurped at the elenent center of gravity. The ptiffess

distritution is considered cons-.ant over each element and only *he ma,nitude

Tor eacii elenent is input. TProvisicrs are avallsble for <he innrut of
concentrated weights and ecuivelent springs in addition 1o the distributed
input.

The boundary conditicns at ihe ends of the beam are svecified as zero or

)

‘ree or each covmporent o e gtale veclsr al the ends. The nwrber of

+

derrees of freedom (one

C

.0 5ix) is also specified. “he mumber of nmodes
to be computed is an input variable. Nermwlization Is permiited on a
ginzle variable at en artitrary stetion and all other variatles are com-

putcd with this seme scaling of the {ransier matrix.

1.4 Iongitudinel Oscillatiors

A special case of the general ‘ransfer matrix is that for pure longitud-
inal oscillatinns. The only desree of freedom admitted is (X) and the

resulting transfer matrix is;

[ N

g]

-



or if an equivalent spring is sutsiituted “or C.

¥X
3 Q _l - wgm 9 wzm
o ®
© A =
- i
1/ = , L
w

The spccial case of longitudinel cscillaticns with ean end spring Loundery
¢ondition can ve represented in several weyc using the prorram with per-
hans the most straisht forwerd Leing a grounded btranch team atiached arbi-
trarily clcse to the end of the beam. Tive dirit accurecy nas h.een ob-
tained in test cases with sreater nunerical accuracy vossible i decired.

The alteration to the alfected transier peirix in this formulatinn is;

p— — pe— — prm— - —
1, K 1 -wfn , W
" -
A - I
i
o, 1 -1/K , 1
1 i

p—— — F —
o —_— p—
. Pewm +E/K° -
Ai = ¥
-1/ K 1
) i
o ad S el

where K 1s the end spring. ‘le representetion of the coruny mass liguid
propellants is algo efivected using the oranch beam option. e alters-

tion to the affected transier metrix f{or this cace 1is;
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W m 2 -~ 2 -
1 y l-wW™m, Wdn
" 1 - m .
Ai = - K
K
o , 1 . -1 X , 1 )
i i
e = b o b— ——
2 - 2 -
. 1l - m+ m w n + m
t — _‘- —’ = _
Ai = K - aJ2 n 1 uJ2 m
K e
-1/ K , 1 N

where m is the sprung mass and % is +he lrarch sprin;:. The transformation
singularity mentiored earlier is evident in this Al metrix. It pro-
duces an extraneous asyrptote in the {requency deteéminant whos affect

is entirely local.

1.2 Computetion of-Mode Glispes and Frequencies

-

Thie nnerical solution for natural freguencies is the iierative procedure

is specified, a search

o+

of ifyklestad. The frequency ranse of interes
Licrement given and the desired accuracy level set by the Innut. ‘Vhe
frequency determinant is evaluated at eaci frequency located by the search
increment. This procedure .;ererates a "null plot" or locus of ite Acter-
minent over a range of frequerncies. The noints at which the rull plot
crosses zero are the roots., VWhen a crossnt ig detected belween two
cearch increwents, the progrean iterailes on frecuency until the input
accuracy level is satisfied. Tre prosrmn then continues the null nlot

until the desired nmumber of modes have Leen located or until the fregq-

uency ran;e inpui tas been swept. After locetin: tre natural {reguencies,

the slate vector at each s*ation is corputed by substitutin: the ratural

9

frequencies into the transier matrices. This procedure ;enerates the

5

11.
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modal forces and siapes. An othogonality check is made by cormputing

an N x ¥ "wmodal masc” matrix, where N is iine number of mocdes. The
elements of this ratrix are V; M Vn where m end nu renge from 1 to N.
The V watrices are forted from rows of the Si metrices of & piven mode
where i rances over the length of the iear. The nacnitude of the off
diegoral terms in the modal rass satrix indicate the de.ree of orthogon-

ality achieved. Typical lonritudinal cseillation cases have off diagonal

[

terms that are on the order of 107 times the main diagonal terms or

sinaller.

12,
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1.3 Thnor Test Vehicle Stiffness DMmierlies

The same stiffmess dats applies to both the partially stripped DM-18A and
DSV-2A boo:ters. Since the testing will be at room temperature, all data
given are for room temperature conditions. Although the stiffness -

[
[N
N
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digtribution is not everywhere linear, there are only small deviations
from linearity. The distritution shown here is the piecewise linear
distribution used in all numerical work of the report.

Stiffness Distribution Coordinates:

Station AE - lbs/in. AE - lbs/in.
151.0 0 .196 x 107
158.08 .196 x 107 ATh x 10°
175.0 T4 x 107 .178 x 107
200.0 178 x 107 .1855 x 10°
250.0 .1855 x 10° .201 x 10°
300.0 .201 x 107 214 x 107
325.0 .21k x 10° 222 x 107
333.5 ‘ .202 x 10° .22k x 107
335.0 ‘ .20k x 107 .189 x 107
365.0 .189 x 10 .200 x 10°
600.0 .200 x 109 .184 x 109
636.7 .18k x 107 .354 x 107
670.0 .354 x 107 .303 x 10°
687.5 .303 x 10° 304 x 107
710.0 .304 x 107 .334 x 107
722.4 .334 x 109 0

The idealization used to compute natural frequencies and mode shapes in
this report assumes the fuel and oxidizer mass are elastically coupled
to the vehicle structure by linear springs. The fuel is mounted on one
spring and the oxidizer on eanother, each representing elassticity in the
particular tank (bottom) bulkhead. The calculations were made using
four sets of spring constants; infinite, twice nominal, half nominal and
nominal. The term nominal here refers to the spring constants normally
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* ®

used by Dougles in any Thor calculations. They are the results of a
theoretical analysis which will not be developed in this report.

Spring Constant Fuel (1b/in) Oxidizer (1b/in)
Infinite o0 o

Nominal 1.357 x 106 1.528 x 106
Twice Nominel 2.714 x 10 3.056 x 106
Half Nominal 0.6785 x 106 0.764 x 106

2.2 Agena

The Agena test vehicle is a similated Agena B. The tank section is
from an Agena B however other sections differ significantly. The test
vehicle is geometrically similar to the Agena B but the stiffness

propertieg, especially in the adapter section, are quite different in
magnitude.

2.2.1 Simeted Agena B Weights

General Configuration:

No Agena Payload

Forward Equipment Rack, Equipment#*
Tank Section Complete

Aft Midbody Section Complete

Aft Rack and Fngine, Equipment®
Thor-Agens Adapter - Complete

Thor Transition Section included is considered as part of
the Agena for this test.

¥Partially simulated by ballast.
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Distributed Weight Coordinates;

Station

138.7
111.9
88.5
83.%
73.6
Ly, 7
1.1
5.9
6.0
17.1
6h4.1
107.0

Dead Load-1b/in.

0

7.886
9.182
2.681
1.938
3.117
1.834
3.480
4.234
6.669
6.590
3.138

Total = 1,181 pounds at station -30.0

Thor Transition Section

107

b1
151

0
14,847
11.595

439 pounds at Thor Station 132.8

Cantilevered Weights:

F W NN

Engine

H, end Bottle (simulated)
N, and Bottle (simulated)
Ullage Rockets (simulated)

Dead Load-1b/in.

7.866
9.0T1
1.296
1.938
3.458
1.83k
3.957
5.0kk
7.268
4.961
2.840
0

3.537
13.635
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Weight C.G. Stetion : Cant. Station

1 298 56 .4 26.2

2 32 T2.4 64.1

3 T2 T2.4 6h4.1

L 65 T73.4 6k.1
46T 62.3

Concentrated Weights:

Weight Station
55 -116.5
25 -111.5
104 -107.5
_10 -106.5
194 ' -110.5
Weight Summary:

Weight-lbs. . . Station.in.
Distributed Load 1,181 --30.0
Cantilevered Load L6T 62.3
Concentrated Load __ 194 -110.5

1,842 - 15.1
__439 132.8
2,281 13.4

2.2.2 Simulsted Agena B Stiffness Properties

As for the Thor test vehicle, all properties given are room temperature
values. The propellant tank arrangement on the Agena B is a tank within
a tank such that only one tank bottom spring has been used in the ideali-
zation of the vehicle. The IBFNA oxidizer is mounted on this spring.
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Stiffness Distribution Coordinstes:

Station

-138.7
-137.1
-114%.8
- 87.8
- T3.3
- 52.6
- 32.6
- 11.1
- 5.8
5.9
88.9
90.0
107.0
117.0
130.0

150.0
151.0

AE - lbs[in.

0
.130 x 109

.1284 x 107
.1406 x 10°
.18 x 109

1135 x 107
.128 x 109
143 x 107
JWTL x 10
1772 x 10
.1986 x 10
.1533 x 10
.1575 x 10°
.2220 x 107

O O VO

9

'*T*;;§Q~x.lQ?;;?

197 x 10°
248 x lO9

AE - 1bs/in.

.130 x 107
1284 x 109
L1406 x 109
.118 x 107
L1135 x 109
.128 x 107
53 x lO9
LT x 107
1772 % 107
.1986 x 107
.1533 x 107
1575 x 10°
.220va109
.190;x'109

S o .197x10°

. 2481;:::;109
0

The same set of tank bottom spring constants -nemely;-infinite,-twice

Spring Constant

Infinite
Nominal
Twice Nominal
Half Nominal

IRFNA (lbs/in)

V)
9.000 x lO5
1.800 x lO6
L.500 x 105
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A total of Tifty taree welgnt and stilMess o an~lyzed
in the study. The zsent provellant tanx lowdtings for various
percert burntimes in a wsins different sers of tank bottom .

sopring constants,  Four of the casss aporexinats the inflence of the
snurer znd spring suppert system to te usad in the pianned LRT tesbing
In all otiaer cuses the verndcle suspension is considered froc=troee, A

tabulation of tnese cuses 2and pertinent descrintive material is provided

it. tnis secticn. o LT

seventcoen

anawyzed for the Uirst tsree longiltulinal modes of ~Zsciliation rwo of

In both cases tne tank bottom masscs wore spfung

wprp used

lOO per c~nivhurut1mp:

spring constants were
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Sel.d  Enumeration of Thnr CTases
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when reforring o Lhe cuses,

oeven weight and stiffness counrigursticns of the Agens test venhicle were

analyzed for the [irst tnree lengitudinal
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and YU perceni burntimes cacu analyzed for

e
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A total of twenty=five weight and stiffmess confizurations were anilyzeaa

-~ 43 PA r . 3 .S PR o} s gy o Ly vy o 3 ¢ e . N Ly em
fer the Uirst tnree longituainnl modes, One ~use ig for voth “ine Thor and
Asena enpty o all preopeliant with norinsl sorins constants used for the

trink boettom oulgknesads. Tne remad
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ng tweniyeiour Juses revrasent ai
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propellant tank loadings each zuulyzou Tor four sets of tan« oottoem syprines

constants. The Agena Is fully iosasd with provellant ia tnes: 2ases and
the Uhor loaded to simulate O, Zu, SOy 79, 90 and LU0 reraant bnrmtines in

a nominal flight. Tae four sets of tank Lotlom suriacs constaats are infinite,
tvice nominal, asminal 2aa 2ue nzl® neainal,  In o all twentry-Tive cages the
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It will be netea tnat some of these anba are repetions oF Lhat in paragraph

N .
Selals

3.3.2 Enumeration of Thor-Agena Cases

e

’ne empty Agena emnpty Thor case

s desiznated rase

ot

case numbers can be uetermined from tne following tanie,

]



Springs 5 BT 20% w7 W4OZ 5 754 2T 00% BT 100% BT
Infinite TA 2 7TA3 TA 4 TA 5 TA 6 TA 7
Twice Nominal TA 8 TA 9 TA 10 TA 11 TA 12 TA 13
Nominal TA 14 TA 15 TA 15 TA 17 TA ¢ TA 19
dalf Hominal TA 20 TA 21 TA 22 TA 23 TA2h TR 25

3.4 Thor-Agena with Shaker

Four cases were analyzed which approximate the influence of the shaker and
suspension systems on tne natural freguencies. In these cas Sy & weight of

e
2,200 1bs was added to the gimbal block to simulate the inertia of the shaker

«

system and a spring was iantroduzed at the sirbal block, connected to ground,
which represents the spring constant of the air suspension system. The value
of the spring constant changes with the weight of the vehicle surported so
that a-different value i3z required for each of the four cases. The czses
rapresent four propellant loadings with nominzl tank bottom spring constants
These propellant -loadings simulate empty igena.empty Thor, loaded Agena with
the Thor loaded to O, TS and 10 percent burntize welighis. Except for the
shaker and suspension simulation tnese cases are exsctly the same as cases

TA 1, TA 14, TA 17 and TA 19.

3.4.1 Enumeration of Jhaker Cases

The empty Agena empty Thor case iz designated case TAS 1, The remaining

taree case numbers are given in the following tuble,

Springs 0% 837 754 BT 100% 37
Springs L2E B i G
wominal Tas 2 TAS 3 TAG b

3.2 OSuspension System Spring Constants

Case Soring (lis/in.)
TAZ 1 1o x 1
TAS 2 1.1 x 107
TAS 3 5.8 x 104
TAS 4 by x 10"

2o




The idealization of these four cases is shown schematically in “igure 2,

It should ove noted that any load introduced at the gimbal block is iranse

3

mitted to primary structure throusn a truss which connects at station

jj: 636.7. ‘lence the 2,200 ibs und the air spring attach at tais point in
™ the one dimensional idealizaticn of primary structure,.

=0

-~y

s

= o

1
L

l 2200 lbs

— An inspection of the frequencies for these cases will show that the first

mode has no counterpart in the free-free cases. This mode becomes the

trivial zero mode as the grounded spring constant approaches zero. The
second and third modes for these cases correspond to the first and second

free-free modes,

25,



L,D HNATURAL SRECUZNCY PREDICTIONS

In preceding sections the test venicle ias been defined and the cases for

analysis described, This section contzins the results of the numerical

f

g ‘
SM 46346

solution (DB 11) of these cases for the first three longitudinal natural
frequencies. The associated ncrmal modes of oscillation {mode shapes)
were placed in the Appendix because of the large number of pages required,

The natural frequencies are tabulated with reference to the case desig-

nations assigned in Section 3.0. The numerical accuracy of all cases is
several digits better than the five digits shown. This is required for

accurate mode shapes since they do not in gcneral converge as well as

frequency. There was one case (T 17) in which it was not possible to ©

obtain satisfactory convergence for second and third mode shapes, The

. frequency values for this case are presented since frequency did converze.
The source of the problem was an asymptote between the second and third

- mode (cf, Section 1.,0) coupled with a program limitation on the number of

K iterations permitted.

L,1 Thor

The first three natural frequencies for the Thor cases are given in the

following table.

Case f1 (-ps) o (cps) f3 (cEs)
T1 b 657 206,94 277.39
T2 T9.71k 200.99 255,80
T4 20,489 126,49 167.32
TS 2L, 716 130.94 188,79
T6 33,433 135,02 191,35
T 7T 76, 330 201.92 262,55



e

SM 46345

{

"
1

4

L

Case £) (cps)
T 5 14,081
T9 16,365
T 10 20,433
T 11 28.239
T 12 75.355
T 13 12,719
T 1k 1k,028
T 15 17,808
T 16 2k, 725
T 17 Th,9L5

Case £1 {cps)
Al 140,05

A2 73,13

A3 99.161
AL 54,420
AS5 T1.759
A6 42,970
AT 56,022

4,3 Thor-Agena

The first three natural frequencies for the Thor-Agena cases are given in

tne following table,

fz (Cps)
83.236
83,709
Gl 579
87.985
198,05

60,224
66,703
57,642
70,30k
189,57

ro (eps)

294,59
1h6s, 2k
156,35
112,04
116,50
107.33
113,56

£. lcps)

129,63
130.12
131,09
133495
225,26

110.¢
112.90
111,41
112,94
195.89

¢
N1




19

20

Case £ {cps)

TA 1 L3,057

TA 2 14,3232

TA 3 15.110

TA h 16,095

TA 5 18,441

TA 6 22,200

TA 30,715

TA 8 12,793

TA 9 13,672

107 ks

TA 11 17,556

TA 12 20,943

TA 13 29,358

TA 14 11.565

TA 15 12.hed
CTAL6 13,903
PASIT = e 16,h90 L

TA 18 O 19.735

2T.0ld

9.7363
10,594
11,621
1678
17.005
23.232

f5 (cus)

B ——

179,54

25,178
26,919
29.681
41,303
50,981

Tr.921

20,336

214380
S 23552

33,001
k7,212

55,106

o~

3 (cps)

159.92

30,125
BU,1h3

59,295
55.4L10
55.937
87,417

45.355
by, 39L
45,459
45,356
L7.795
36,095

36,063
30,145
36,204
37.087
39.3839
34,098



L,4 Thor-Agens witn Shaker

The first three natural freau-rr-ics for the four cases approximating the

E::: influence of the shaxer systecm are given in the following tavile.

: o

T Case £3 (eps) ™ (crs) *3 {cps)

I , v

©w TAS 1 3.T40% 43,920 197,03

TAS 2 2.3505 11,596 1r.712
TAS 3 3.3b20 16,489 27.9kbL
TAS &4 2,961k 25,098 45,219

-3 ‘\) -
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5.0

SUMMARY

The purpose of tnis repcert, as stated in the introduction, has been to
provide natural frequencies and mode shapes resulting from a particular
type idealization of structure and propellant. The emphasis in the study
has veen on an accurate numerical analysis to tnis end, In this respect
it is felt that the numerical solution of the mathematical model, emboiied
in the results, is an accurate one,

The more general question of applicability o¢ idealization or accuracy of
idealizaiion for each of the nany cases anziyzed is btevond the scove of
this study. Certainly éuch an important question could not be neglected
in a design problem and it seems appropriate to stress this point in
conclusion. The results of this study cannot be used in a design oproblem
without considering the question of applicabiiity. The cxperimental work
now planned by the Langley Research Center should provide valuable infore
mation-on-the genersliquestion of idealization applicability and accuracy.
In~this=regard; the-results of this study provide a necessary reference
for comparison. It was for this heuristic purpose that the study was
undertaken, Recdgnizing such work as a requisite part of the learning
process, the Douglas Aircraft Company will continue to actively support

such undertakings,
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APPENDIX

The normal mcde shapes in graphical form plus the modal masses
(cf. Section 1.0) associated with ench shape are presented here
in the Appendix. The modal mass would be required in a typical
response problem if modal analysis is used.  On the graphs, the
modal mass is abbreviated as “, 4. The zraphs are labelcd cccord-

ing to the case designations of Section 3.0,
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D, Table of modul masses




Cas

=

10
11
12
13
1k

16

17

MODAL 1TASSHE

THOA
Mode 1
- 2
.15312 x 10°
22935 x 10°
54822 x 10°
JL1047 x 103
27451 x 10°
14069 x 103
.20328 x 10°
- ,20399 x 10
L1482k x 10
. 3
.94338 x 10
42320 x 105
22181 102
74349 x 10"
)
.524Lk x 10"
.32030 x 10°
L
.12970 10
22402 x 10°

Vode |
Yode 2

. ' ,
L6763 x 10

.51203
010365

. 75905

“’90 8'{); s

<9175k
L9 36h2
9931k
39722
L9325k
+99196
.10098
. L060k

. 39033

X

X

103

2

10

120095 x 10°
.24980 103
22733 x 10°
65855 102
SHTO2Y 10
'69hh0?2; -
11263 x 10°
.21563 103



13

A

Case

[h)

AC

LT ST IS
R TS PO A e S Y VP

“oue 1
AL

Lhubh x 10

«13359
STh353
L7309

. 11209

20061

L1k382

<

10

Mode =
—s

Jlisle

L1T7THG

X

) X

X

fode

LU2030
.12160

«13391

X

X



P

4

!

SM 4634¢

THOR-AGZIA MUDAL ASH.L5

g_g_s_:_:_ Mede 1 Moae 2 “Iode 3
"TA 1 L 19202 x 19° L6202 x 19° < 30149 x 193
TA 2 L6079 x 10° .35007 x 10" 43055 x 10
TA 3 $ 39343 x le L22432 X th : L10UT6 x 10“
TA b 29463 x 107 12576 x 20" 66165 x 107
TA 5 1753 x 105 .35212 x 107 24363 x 10°
TA 6 J29ho x 107 12930 x 107 L5566 x 100
TA T 13377 % 107 L1967 x 107 JSELS0 x 100 T
TA 3 11214 x 10" 2543k x 107 LTu659 x 107
TA 9 60675 x 107 L10555 x 306 .96930 x 10°
TA 10 .53252 x 10° .2906k x 107 5771 x 10°
TA 11 16221 x 107 LCLIBTO % lou .Soleh x 10“
TA 12 LST89T x 10° 1621 x 10° .31505 x 107
13 .1bses x 10° o3k x 105 43ko2 x 10°
TR .27ho5 x 10 .22220 x 10" .30021 x
TA 15 17533 x loh L5408 x 136 » 35113 x:
TA 16 .99556 x 107 l26518 x 106 LL6Lgl x iob
TA 17 22191 x 167 L2B315 x 107 L9210 x 107
TA 18 65627 x 102 11680 x loh « 30197 x 10h
TA 19 .16313 x 107 10343 x 107 631 x 10°
TA 20 24720 x 10° JTU558 x 10° .35522 x 10°
TA 21 10916 x 107 . 273387 x 106 .38906 x 10°
TA 22 <39743 x 10" .39010 x 107 45561 x 107
TA 23 .39304 x 10° .22593 % 10° .1h220 x 10"
TA 24 ,93539 x 10° TT57h x 10° 12242 x 107

TA 25 22870 x 10° L 36811 x 102 MEoTh % 107



THOR=-AGLAA WITH SHAXKER

o Case Mode 1 Mogr 2 Mode 3
&=~ 2 . 2 3
=0 TAS 1 25411 x 10 : <3751 x 10 _ .19703 x 10
= 3 4 6
= TAS 2 .36933 x 10 27733 x 10 .23097 x 10
- i
j-:_-ﬁ TAS 3 .13854 x 103 22789 x 103 .235h1 x 107

- - 2 2 - 3
TAS 4 +69730 x 10 22777 x 10 .26037 x 10

hLALE
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