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PIASA/Ames

DOWNEiITATIO'I OF LIQUID HELIUM SLOSH MIODELS DEVELOPED FOR
THE IRAS ACS SIiMULATIOtI

By K. R. Loreil, Research Scientist

I.	 IV RODUCTION

This report describes the equations used to model the motion of su p er-

" fluid liquid helium inside the IRAS telescope devar. Relative motion

between the superfluid and the dewar wall is important because of the

potentially significant disturbing forces generated during wall-fluid

interactions. Additionally, there exists the possibility of energy

exchange bet.vreen the satellite and the liquid helium through the

medium of the attitude control subsystem. Under worst-case conditions

a resonance ray develop, should the natural frequencies of any of the

modes of fluid notion and the ACS be sufficiently well matched.

In order to study the behavior of the attitude control subsystem and

the resultant effect on pointing accuracy in the presence of disturbing

torques induced by helium motion, three rather simple lumped-parameter

models were developed. The models are all mechanical analogs utilizing

either a pendulum or spring-,mass-damper system. Tile rationale for not

employing fluid-mechanical techniques is threefold: 1) our primary con-

cern is the large-scale interaction of the superfluid helium and the

satellite attitude dynamics, not time actual detailed fluid motion,

2) fluid motion in general and superfluid helium in particular has proved

to be very difficult to model, and 3) experiments by Mason. Collins, and

Petrac (unpublished) have shok..n that the simple models are adequate for

Worst-case analyses.
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II.	 CASE I-SIMPLE SPRI ;GWASS-DAPPER

During the initial phases of the flight, the debar will be almost completely

filled with helium. Lorell, DeGra, and CulIins have concluded that with

the dewar nearly filled, the notion of the fluid relative to the tank

will resemble that of a lightly damped spring-mass systeci. 	 Figure 1

flows a single-axis two de g ree-of-freedom system. The equations describing

the motion of the slosh mass and the resulting forces acting on the vialls

of the dewar can be obtained by approxiriating the slosh mass and satellite

as damped linear harmonic oscillators. For the slosh mass we Ave

;'1' 1 2 eyr, T KL(Ore, —es^^ g ' ern —es^ —^	 0)

and for tie satellite,

z S 9S - K ^- (a,M - es ^ ^ ' (8Y-, ^s

where K is the spring constant, B is the damping constant, and the small-

angle approximation has been used. M U and HC are disturbing and control
moments respectively. In order to select appropriate initial values for

the parameters K and B, vie use the equation

or, for the LaPlace transform of (3), the La Place variable S is given by

g .^ C 4 K n^ - 
B2 j "a

5=-2^-f r	 (4)
^ Yrl
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Froi,i experimental work by Collins, we can select ^ 

^	 ^ = 0.	
- i 

Glvtd 	^'^ ^11 -- G^^

Similarly, if the natural frequency is only 3 rad/sec then

K - 9 x 10 2 Ns/^r1 (7)

III.	 CASE II - SINGLE ROTATING PENDULLr'l

As tine level of cryogen in the dewar decreases during the flight, a

transition occurs from a nearly ful; state, with the fluid wetting

all of the dewar walls, to a nearly empty state with the fluid con-

fined to a small volume. This concentrated mass of fluid interacts with

the dewar walls in response to satellite attitude notions which -in turn

are influenced by the fluid notion. 	 It i c, easy to imagine a situation
	

1

in wnich either an extended series of slewing maneuvers or continued limit

cycle activity night excite a resonant mode in the dewar-fluid system.

DeEra, Flarqulies, and Karsten have all independently suggested modeling

the depleted cryogen case with a rotating pendulum whose axis of rotation

is coincident with the dewar axis of syrzietry. In this model the pendulum

is of fixed mass and length and rotates in a plane which lies parallel

with the Y-Z plane of the satellite. Figure 2 illustrates the pendulum

arrangement inside the dewar while Figure 3 is a diagram of forces acting

on Ue mass and rod.

o^
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4

Our yoal is to co.rpute F P . Tiius, sunning components of forces acting

on n along the direction of F P , vie can it mediately write

!	 C^)L ? 	 Y Yy) S' n1

For torques acting about the axis of rotation (equivalent to forces

perpendicular to F P ), vie can virite

thus providing a means to calculate the motion of the pendulum.

The reaction of the satellite to F P (that is, the force generated by

the rotating pendulum mass) is

Iu	 - - (-FP) L cos

I 

r r ^. e- -(- FP) S ^ ^
or

C

rn ^ ^ E ^, 
c
,s^, -Le, 	 L,t^,4,

^A a	 d
Expressions (9) and (11) ford a set of second-order non-linear

differential equations which must be solved numerically in the context

of the ACS simulation. Aside from programming the equations the.,selves,

!	 all that is needed is appropriate initial conditions for ^ and 	 .

No:rever, a range of values for Q and	 shoulo be explored (with particular

attention to Vii) in order to determine any areas of FMCS sensitivity.

200
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5

In crder to calculate an approximate starting value for I3', assume a time

constant of .2 sec -) as before with r-, = 20 kq, R = 75 cm. Then a LaPlace

transform of , the left side of (9) yields

or 

	 ~' c N + fY1 	 3

It is suggested that since B is a rather critical value to the outcome

of the investigation, it be varied by an order of iiagnitude both higher

and lower.

IV.	 CASE III - DOUBLE (OP, MULTIPLE) POT;Jlii G PE.'DULA

Margulies' hasdeveloped a model for fuel slosh in a Lockheed Aaena

whit;) uses a multiple pendulum concept. This idea relates to the

possibility of more than one slosh mass being excited during maneuvering

or under deeiar fill-level conditions vi)erein the fluid condenses into

several units. While this model is probabiy more appropriate for a

vl,hic:ie with high maneuvering rates such as the Agena, it could be useful

to describe the cryogen behavior in a 25`^ to 75`,; fill situation in the

IRAS Jewar,

Figure 4	 indicates	 `.he generalized location of two pendulums in the

k IRAS devrar.	 Using notation identical with	 that of Case	 II,	 it	 is

iruaediately possible to )mite down a	 set of governing equations

^• analoguus	 to	 (3),	 (9), (10),	 and	 (11).

^P1 _ —r/1 i ^^	
I^

Y`^ i ^^I ^'^CC^ i +Y"r1 1 ^i e^Srn^	 i
(14)

I

•2

FPC = -^	 ^z ^-	 Y^1	 r

..

^^ c^s^z ^ r,^ z L, z Q^^rr^ ' 2
C_
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where	 , .	 ' •	 p I	 ^ O
R^- ^r".1 i	 6 s, ^: c- r ►^ t	 1 ed 

cos « i 1
1^`l	 r	

RI

^Lus,^'^2
-^^^^ z^^C^S N2 + S 2

1h1 2 z 2	 z	 Rz

and	 2	 ..

8 _
	 ~ 1,f ^^^ ^'_ L 2P res^ L' G ^ SIt ' i 

L i CO54 -{-M^ +

Y^	
tit ^ Z _ L 

Z	 to	 — L; t3 S l ga t L, t SIN t -r

z=,

6^ can be selected as in Case II.

Equations (l^) and (16) may clearly be extended indefinitely to

include any arbitrary number of penduluns. However, the resultant

computational load required to perform an iterative soluticn of the

coupled non-linear equations rapidly becomes unmanageable, so that

probably three separate masses is a practical limit.

V.	 I;IPLEiiE111i+T10iI Iii THE IP.AS ACS SIMULATION

Equations for the three slosh models may be ftiplemented into the IRAS

k

	

	 ACS simulation through the addition of the appropriate slate variables.

The slosh equation; essentially riodel a disturbing monent which contains

its own dynamics. The slosh state-variables thus require inputs fron

the vehicle state-variables for their computation. After the slosh

state hus been computed, F P may be determined and included in the next

}	 iteration of the vehicle state.
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1	 Figure S illustrates a simplified block diagram of the IRAS ACS simulation

without the slosh model. Basically, the cryogen slosh is a dynamic

disturbance mo;•;ent which is a function of the vehicle states. Figure 6

indicates this configuration.

The computation sequence for the ACS simulation with slosh dynamics is

shown in Figure 7. The reason for computing the value of F P first is that

non-zero initial values of Q and ^ define a non-zero initial value of FP

which affects the initial conditions of the attitude computation. This

sequence permits the examination of ACS/slosh interaction for other than

quiescent start-up conditions, e.g., simulation of pointing mode operation

following a series of scans or slews.

rn• r iICTr1 .'!CV1	 I.VII.L V.a vv

1

Equations of notion of three models of li q uid helium motion within the

IRAS dewar are described. The models are all simple mechanical analogs,

and nc attempt ;:as been made to describe the detailed motion of the
f

fluid. One of the models is suitable for fluid motion with the dewar

nearly full, while the other two are representative of intermediate fill

levels, including an almost empty riewar.

Values for natural frequency and damping coefficients have been derived

from experiments performed in zero gravity conditions with superfluid

helium. Tnese values should be used only as a starting point; iiowever.

Simulations should be done with critical paral^leters, such as initial

conditions, clampin g coefficients, and natural frequencies varied by as

much as an order of m•)gnitude. This technique makes it possible to

4	 bound the slosh state-variable regimes, if any, whicii adversely affect

i
the ACS.

203



®r

SPI	 21:244-13
	

3

VII.	 REFERENCES

1. Collins, D., dotes o•! C-!!c_l latl ons- r'o sed on Ze ro Cr ovity Su perfluid

Ile Lr.perinents, private correspondence, Jet Propulsion Laboratory,

Pasadena, CA,	 Feb. 191j.

2. DeGra, D., Notes on IUS Slosh Discussions, Palo Alto, CA, Oct-flov 1977:

3. Karsten, L., The Effects of Liquid helium on the Attitude Control

of IP S, IRAS Report No. P.-ACS-76-02, Fokker Sr ,-: :.e Division,

Aristerdam, The Netherlands, March 1976.

4. Lomen, D. 0., Diqital Analysis of Liquid Propellant Sloshing in

Mobile Tanks with Rotational Symnetry, NASA Contractor Report

CR230, National Aeronautics and Space Administration, Uasirington,

D.C., I•lay 1965.

5. Lorell, J., Forces Produced by Fuel Oscillations, Progress Report

No. 20-149, Jet Propulsion Laboratory, Pasadena, CA, Oct. 19 1.

6. Margulies, G., Space Tug Technical Proposal, Folder 1, Lockheed

Missiles and Space Co., Inc., Sunnyvale, CA, April 1975.

7. Mason, P., and Havens, Il., Minutes of Discussion of Effect of Slosh on

IRAS ACS ;•/ith Prof. Debra, Jet Propulsion Laboratory, Interoffice

Memorandum, Jet Propulsion Laboratory, Pasadena, CA, April 1978

8. NASA, Propellant Slosh Loads, NASA Space Vehicle Design Criteria

Monograph SP8009, Rational Aeronautics and Space Administration,

Washington, D.C., August 1968.

9. NASA, Slosh Suppression,ession, NASA Space Vehicle Design Criteria

Monograph SP-3031, National Aeronautics and Space Administration,

Washington, U.C., Ilay 1969.

204

W,

In

o^



lam.

s
's

w ^ 
JJ

I
e,

v

jI

a	 I

Z	 `^,	 I

`^ 1

`	 I
I
Ii

	Figure I.	 Simple Sprin g -;Vass-Camper System

205



i

Figure 2.	 Rotating Penduluri Geometry
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Figure 4. Double Rotating Pendulum System
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VEHICLE AND SYSTEM MATRICES FOR 28 and 98 DEG CASES

This appendix contains the numerical values for the matrices used
in the various simulations of the 28 degree and 98 degree orbit
vehicles. Two sets of matrices are presented for each vehicle :

1) The matrices Fv and Gv corresponding to the vehicle
dynamics only, as obtained through the NBODY/TERFLEX
program.

2) The matrices F, G, C and B corresponding to the whole
system, i.e., that include the various control loops for
attitude control as well as for AIS. This set of matrices
was used directly in the LISSA program for all the linear
simulations and the simulations of the CMG gimbal
stiction. This latter effect requires a special code in
LISSA to make explicit the dependency between the commanded
torque and the torque delivered by the CMGs.

The matrices H and K used by the LISSA program to tailor the
output are not displayed in this appendix because they are
basically scaling factors and are therefore generated ad-hoc and
of no fundamental value.

All matrices are given in the same standard format : each and
only non-zero matrix element is printed, preceded by two integers
representing the row and column indices respectively. The name
and dimension of each matrix is printed first, fcllowed by the
value of the non-zero elements and their indices.

In the C matrices, for both cases, one may note the quantity
1.02 which corresponds to the feedforward scale factor error
used in the simulations for both AIS and attitude control system.
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****** VEHICLE i)YNAMICS MATRICES FOR 28 DEG ORBIT (1 of 3 )****

** Fv IS 32X32
1,	 4 1.565-01 1,	 5 -2.643-04 1,	 6 -1.936-08 1,	 7 8.994-05
1,	 8 4.346-06 1,	 9 9.062-05 1,10 -4.265-06 1, 1 1 5.546-0-3
1,12 1.198-08 1,13 1.486-06 1,14 5. 546-03 1,15 1.198-08 
1,16 1.488-06 1,17 -4.449-08 1,18 -3.833-13 1,19 -4.423-12
1,20 2.220+03 1,21 -3.650+00 1,-C--'2 -4.610-08 1,23 7.724-02 
1, 24 3.835-03 1,25 7.782-02 1,26 -3. 764-03 1,27 1.513+00
1,28 4.791-06 1,219 4.059-04 1,30 1.513+00 1, 31 4.791-06
1,32 4.059-04 2,	 4 -4.295-04 2,	 5 1.695-01 2,	 6 5.875-08
2,	 7 -1.599-04 2,	 8 1.354-03 2,	 9 1.594-04 2,10 1.353-0-3
2, I 1 -7.461-07 2,12 4.004-0.4 2,13 3.360-04 2,14 -7.461-07
:_, 15 4. 004-04 2, 16 3. 360-04 c, 17 -1 . 437-12 c, 18 -1. 281-08
2,19 -22 .078-09 2,-':'0 -6.095+00 2.21 2.341+03 2,22 1.399-07
2, 23 -1.373-01 2,24 1.194+00 2,25 1.369-01 2, 26 1.194+00
2,27 -2.035-04 2,28 1.601-01 2,29 9.1615-02 2,30 -2.035-04
2,31 1.601-01 2,32 9.165-02 3,	 4 -3.605-0-3 3,	 5 2.344-02

3,	 6 4.483-07 3,	 7 -1.278-03 3,	 8 1.618-04 3,	 9 1.274-03
3,10 1.575-04 3,11 -6.262-06 3,12 4.723-05 3,13 5.814-03
3,14 -6.262-06 3,15 4.723-05 3,16 5.814-03 3,17 -1.206-11
3,18 -1.511-09 3, 19 -1.661-08 3,20 -5.115+01 3, 21 3. 237+02
3,22 1.067-06 3,2-3 -1.098+00 3,24 1.42-7-01 3,25 1.094+00

j 3,2'G 1.390-01 3,27 -1.708-03 3,28 1.889-02 3,'29 1.586+00
3,30 -1.708-03 3,31 1.889-02 3,32 1.586+00 4,	 4 -1.136+00
4,	 5 -2.256-02 4,	 6 -2.819-06 4,	 7 -7.996-05 4,	 8 -1.418-05
4,	 9 -2.194-05 4,10 2.110-05 4,11 -5.52-2 -03 4,12 1.023-06
4,13 1.271-04 4,14 -5.523-03 4,15 1.023-06 4,16 1.271-04
4,17 4.470-08 4,18 -3. 272-1 1 4,19 -3.776-10 4,20 -1.612+04
4, 21 -3. 116+02 4, 22 -6.712-06 4, 23 -6.867-02 4,24 - 1 . 251-02
4,25 -1.884-0 -2 4,26 1.861-02 4,27 -1.506+00 4,28 4.091-04
4,29 3.466-02 4,30 -1.506+00 4,31 4.091-04 4,32 --.466-0r'-_'

5,	 4 -2.256-02 5,	 5 -1.163+00 5,	 6 -2.942-06 5,	 7 1.765-04
5,	 8 -1.351-03 5,	 9 -2.008-04 5,10 -1.378-03 5,11 -3.925-05
5,12 -4.036-04 5,13 -6.873-04 5,14 -3.925-05 5,15 -4.036-04
5,16 -6.873-04 5,17 -7.552-11 5,18 1.292-08 5,19 2.456-09
5 9 ,20 -3.202-+-02 5,21 -1.607+04 5,22 -7.004-06 5,2- 1.516-01
5,22 4 -1.192 +00 5,25 -1.725-01 5,26 -1.216+00 5,27 -1.071-02
5,28 -1.615-01 5,29 -1.874-01 5,30 -1.071-02 5,31 -1.615-01
5,32 -1.874-01 6,	 4 -7.048-01 6,	 5 -7.354-01 6,	 6 -8.796-05
6,	 7 5.212-04 6,	 8 -5.306-04 6,	 9 -1.283-0? 6,10 2.942-04
6,11 1.695-0-3 6, 12 -3.497-05 6,1-3 -4.268-03 6,14 1.695-03
6,15 -3.497-0-11 6,16 -4.268-03 6,17 -1.383-09 6,18 1.119-09
6,19 1.174-08 6,20 -1.000+04 6, 21 -1.016+04 6 9 22 -2.094-04
6,23 4.476-01 6,24 -4.682-01 6,25 -1.10 ,2+00 6,26 2.596-01
6,27 4.622-01 6,28 -1.399-02 6,-29 -1.164+00 6,30 4.622-01
6,31 -1.399-02 6,32 -1.164+00 7,	 4 -1.975-02 7,	 5 4.360-02
7,	 6 5.151-07 7,	 7 -9.354-02 7,	 8 3.197-04 7,	 9 2.262-03
7,10 3.161-04 7,11 -8.002-04 7,12 9.405-05 7,13 1.158-02
7,14 -8.002-04 7,15 9.405-05 7,16 1.158-02 7,17 E.349-09
7,18 -3.009-09 7,19 -3.308-08 7,20 -2.803+02 7,21 6.021+02,
7,22 1.226-06 7,23 -8.033+01 7,24 2.821-01 7,25 1.943+00
7,26 2.789-01 7,27 -2.182-01 7,28 3.762-02 7,29 3.157+00
7,30 -,-.182-01 7,31 3.762-02 7,32 3.157+00 8,	 4 -3.504-03
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****** VEHICLE DYNAMICS MATRICES FOR 28 DEG ORBIT (2 -_-f 3 )****

Matrix Fv (continued)

8,	 5 -3.338-01 8,	 6 -5.243-07 8,	 7 3.197-04 8,	 8 -9.367-02
8,	 9 -3.236-04 8, i 0 -2.424-03 8, 1 1 9.471-04 8,12 -7.962-04
8,13 -6.864-04 8,14 9.471-04 8,15 -7.962-04 8,16 -E-864-04
8,17 3.068-10 8,18 2.548-08 8,19 4.187-09 8,20 -4.972+01
8,21 -4.610+03 8,22 -1.248-06 8, 23 2.746-01 8,24 -8.265+01
8,25 -2.779-01 8,26 -2.13'3+00 8,27 a.583-01 8,28 -3.185-01
8, 29 -1.872-01 8,30 2. 583-01 8,3 1 — 3. 185-01 8,32 -1.872-01
9,	 4 -5.420-03 9,	 5 -4.962-02 9,	 6 -1.268-06 9,	 7 2.262-03
9,	 8 -3.236-04 9,	 9 -9.352-02 9,10 -3.104-04 9,11 -7.753-04
9,12 -9.377-05 9,13 -1.154-02 9,14 --7.753-04 9,15 -9.377-05
9,16 -1.154-02 9,17 6.397-09 9,18 3.001-09 9,19 3.298-08
9,20 -7.692+01 9,21 -6.852+02 9,22 -3.018-06 9,23 1.943+00
9,24 -2.855-01 9,25 -8.032+01 9,26 -2.739-01 9,27 -2.114-01
9,28 -3.751-02 9,29 -3.148+00 9,30 -2.114-01 9,31 -3.751-02
9,32 -3.148+00 10,	 4 5.212-03 10,	 5 -3.404-01 10,	 6 2.907-07

10,	 7 3.161-04 10,	 8 -2.424-03 10,	 9 -3.104-04 10,10 -9.367-02
10,11 -9.442-04 10,12 -7.959-04 10, 1.3 -6.497-04 10,14 -9.442-04
10,15 -7.959-04 10,16 -6.497-04 1 ,3 , 17 -3.011-10 10,18 2.547-08
10,19 4.078-09 10,20 7.396+17.1 10,21 -4.700+03 10,22 6.922-07
10,23 2.715-01 10,24 -2.139 1 -00 10,25 -2.666-01 10,26 -8.265+01
10,27 -2.575-01 10,28 -3.184-01 10,29 -1.772-01 10,30 -2.575-01
10,31 -3.184-01 10, 32 -1.77E-01 11,	 4 -2.636-01 11,	 5 -1.873-03
11,	 6 3.235-07 11,	 7 -1.546--04 11,	 8 1.830-04 1 1,	 9 -1.498-04
1 1, 10 -1.824-04 1 1, 1 1 -9. 283- -^2 1 1, 12 8.478-08 1 1, 13 1.054-05
11,14 -1.013-02 11,15 8.478-03 11,16 1.054-05 11,17 7.563-08
11,18 -2.713-12 11,19 -3.131-11 11,20 -3.741+03 11, 'c'1 -2.587+01.
11,22 7. 70,3-07 11,23 -1. 328-01 t1,24 1_614-01 11,25 -1.'286-01
11,26 -1.609-01 11,27 -2.532+01 11,28 3.391-05 11,29 2.873-03
11,30 -2. 762+00 11,31 3. 391-05 11,32 2. 873-03 12,	 4 4.295-04
12,	 5 -1.695-01 12,	 6 -5.875-08 12,	 7 1.599-04 12,	 8 -1.354-03
12,	 9 -1.594-04 12,10 -1.353-03 12, 1 1 7.461-07 12,12 -1.140-01
12,13 -3.360-04 12,14 7.461-07 12,15 -4.004-04 12,16 -3.360-04
12,17 1.437-12 12,18 1.281-08 12,19 2.078-09 12,20 6.095+00
12,21 -2.341+03 12,22 -1.399-07 12,23 1.373-01 12,24 -1.194+00
12,25 -1.369-01 12,26 -1.194+00 12,27 2.035-04 12,28 -4.561+01
12,29 -9.165-02 12,30 2.035-04 12,31 -1.601-01 12,32 -9.165-02
13,	 4 6.065-03 13, —3.280-02 13,	 6 -8.147-07 13,	 7 2. 236-03
13,	 8 -1.326-04 13,	 9 -2.230-03 13,10 -1.255-04 13, 1 1 1.054-05
13,12 -3.819-05 13,13 -1.012-01 13,14 1.054-05 13,15 -3.819-05
13,16 -1.104-02 13,17 2.030-11 13,18 1.222-09 13, 19 2. 907-08
13,20 8.607+01 13,21 -4.530+02 13,22 -1.940-06 13, x'3 1.921+00
13,24 -1.170-01 13,25 -1.915+00 13,26 -1.107-01 13,27 2.873-03
1.3, 28 -1.527-02 '13,29 -2. 760+01 13,30 2.873-03 13,31 -1.527-02
13,32 -3.012+00 14,	 4 -2.636-01 14,	 5 -1.873-03 14,	 6 3.235-07
14,	 7 -1.546-04 14,	 8 1.830-04 14,	 9 -1.498-04 14,10 -1.624-04
14, 1 1 -1.013-02 14,12 8.478-08 14,13 1.054-05 14,14 -9.283-02
14,15 8.478-08 14,16 1.054-05 14, 17 7.563-08 14,18 -2.713-12
14,19 -3.131-11 14,20 -3.741+03 14,21 -2.587+01 14, 22 7.703-07
14,23 -1.328-01 14,24 1.614-01 14,25 -1.286-01 14,26 -1.609-01
14,27 -2.762+00 14,28 3.391-05 14,29 2.873-03 14,30 -2.532+01
14,31 3.391-05 14,32 2.873-03 15,	 4 4.295-04 15,	 5 -1.695-01
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:****** VEHICLE DYNAMICS MATRICES FOR 28 DEG ORBIT (3 of 3 )****

Matrix Fv (cc,rit i nued )

15,	 6 -5.875-08	 15,	 7	 1.599-04	 15.	 8 -1.354-0 3 	15,	 9 -1.594-04
15,10 -1.353-03	 15,11	 7.461-07	 13,12 -4.004-04	 15,13 -3.360-04
15,14	 7.461-07	 15,15 -1.140-01	 1 5, 16 -3.360-04	 15,17	 1.437-12
15,18	 1.281-08	 15,19	 2.078-09	 15, 20	 E.095 -4- 00	 15,21 	 -2.341+03
15,22 -1.399-07	 15, 23 	1.373-01 	 15, 24 -1.194+00	 15,25 -1.369-01
15,26 -1.194+00	 15,27	 2.035-04	 15,28 -1.601-01	 15,29 -9.165-0 2
15, 30	 2.035-04	 15,31	 -4.561+01	 15,32 -9.165-OE	 16,	 4	 6.065-03
16,	 5 -3.280-02	 16,	 6 -8.147-07	 16,	 7	 2.236-03	 16,	 8 -1.326-04
1.6,	 9 -2.230-03	 16,10 -1.255-04	 16, 1 i	 1.054-05	 16,12 -3.819-05
16,13 -1.104-02	 16,14	 1.054-05	 16 9 15 -3.819-05	 16,16 -1.012-01
16,17	 2.030-11	 16,18	 1.222-09	 16,19	 2.907-08	 16,20	 8.607+01
16,21	 -4.530+02	 16,22 -1.940-06	 16,23	 1.921+00	 16,24 -1.170-01
16,25 -1.915+00	 16,26 --1.107-01	 16,27	 2.873-03	 16,28 -1.527-02
16,29 -3.012+00	 16,30	 2.873-03	 16,31	 -1.527-02	 16,32 -2.760+01
17,	 1	 1.000+00 18,	 2	 1.000+00	 19,	 3	 1.000+00 20,	 4	 1.000+00
21,	 5	 1.000+00 22,	 6	 1.000+00 23,	 7	 1.000+00 24,	 8	 1.000+00
25,	 9	 1.000+00 Z-6,10	 1.000+00 27,11	 1.000+00 28,12	 1.000+00
29,13	 1.000+00 30,14	 1.000+00 31,15	 1.000+00 32,16	 1.000+00

** Gv IS 32X 3
1	 7.416-05	 2.395-09	 2.010-08
2	 2.395-09	 8.007-05	 9.446-06
3	 2.010-08	 9.446 - 06	 7. 550- 05
4	 -7.451-05	 2.045-07	 1.716-06
5	 1.259-07	 -8.073-05	 -1.116-05
6	 2.305-06	 -6.994-06	 -5.337-05
7	 -1.058-05	 1.881-05 	 1. 504-04
8	 -5.113-07	 -1.592-04	 -1.903-05
9	 -1.066-05	 -1.875-05	 -1.499-04

10	 5.018-07	 -1.592-04	 -1.853-05
11	 -1.260-04	 1.696-08	 1.423-07
12	 -2.395-09	 -8.007-05	 -9.446-06
1.3	 3.383-08	 -7.637-06	 -1.321-04
14	 -1.260-04	 1.696-08 	 1. 423-07
15	 -2.395-09	 -8.007-05	 -9.446-06
16	 -3. 38 3-08	 -7.637-06	 -1.321-04

i^
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******** SYSTEM MATRICES FOR 28 DEG ORBIT ( 1 .:If 3 ) *********

** F IS 45X45

1,	 4 1.565-01 1,	 5 -2.643-04 1,	 6 -1.936-08 1,	 7 B.994-05
1,	 8 4.346-06 1,	 9 9.062-05 1,10 -4.265-06 1 ,	 1 1 5.546-03
1,12 1. 198-08 1,13 1.488-06 1 , 14 5.546-0-2- 1,15 1.198-06 
1,16 1.488-06 1,17 -4.449-08 1,18 -3.833-13 1,19 -4.423-1-2
1,20 2. 220+03 1,21 -3.650+00 1,22 -4.610-08 1, 23 7. 724-02
1,24 -3 .835-03-3 1,25 7.7 A 2-02 1,26 -3. 764-03 1,27 1.513+00
1,26 4. 791-06 1,29 4.059-04 1,30 1.513+00 1,31 4.791-06-
1,32 4.059-04 2,	 4 -4.295-04 2,	 5 1.695-01 2.,	 6 5.875-013
2,	 7 -1.599-04 2,	 8 1. 354-03 2,	 9 1.594-04 _, 10 1.353-03
2, 1 1 -7.461-07 2,12 4.004-04 2,13 3.360-0A. 2,14 -7.461-07 
2,15 4.004-04 2,16 3.360-04 2,17 -1.437-1'-::' 2,18 -1.281-08
2,19 -2.078-09 2,20 -6.095+00 2, 2 1 2.341 +03 2,22 1.399-0 7
2,23 -1.373-01 2, 24 1.194+00 2,25 1.369-01 2, 26 1. 194+00
2,27 -2.035-04 2,28 1. 6211-01 2,29 9. 165-02 2,30 -2. 035-•-04
2,3 1 1.601-01 2 9 32 9.165-02 J,	 4 -3.605-0-3 J,	 5 2-'.344-02
3 9	6 4.483-07 3,	 7 -1.278-03 3 9	8 1.618-04 3,	 9 1.274-03
3,10 1.575-04 3,11 -6.262-06 3,12 4.723-05 3,1-3 5.814-03
3,14 -6.262-06 3,15 4.723-t-,15 3 9 16 5.814-03 3,17 -1.206-11
3,18 -1.511-09 3,19 -1.661-06 3, 20 -5.11 5+01 3,21 3.237+02
3, 22 1.067-06 3,23 -1.098+00 3,24 1.427-01 3,25 1.094+00
3, --- ' E 1. 390-01 ,3, 27 -1.706-03 3,28 1.889-0-2 3, --:' 9 1.586+00
3,30 -1.708-03 3, 31 1.889-02 3,32 1.586+00 4,	 4 -1.136+00
4,	 5 -2.256-02 4,	 6 -2.819-06 4,	 7 -7.996-05 4,	 8 -1.418-05
4 9	9 -2. 195-05 4910 2.110-05 4,11 -5.523-03 4,12 1.023-06
4,13 1.2-71-04 4,14 -5.523-03 4,15 1.023-06 4 9 16 1.2-71-04
4,17 4.470-08 4 9 18 -3.272-11 4,19 -3.776-10 4,20 -1 . 612+04
4, 21 -3.116+02 4,22 -6. 712-06 4, 23 -6.867-02 4, 24 -1.251-02
4, 25 -1.884-02 4,26 1.861-02 4,27 -1.506+00 4,28 4.091-04
4,29 3.466-02 4 9 30 -1.506+00 4 9 31 4.091-04 4,32 3.466-0-2
5,	 4 --2.256-02- 5,	 5 -1.163+00 5,	 6 -2.942-06 5,	 7 1.7615-04
5,	 8 -1.351-03 5,	 9 -2.008-04 5,10 -1.378-0-3 5, 1 1 -3.925-05
5,12 -4.036-04 5,13 -6.873-04 5,14 -3.925-05 5,15 -4.036-04
5, 16 -6.873-04 5,17 -7.552-11 5 9 18 1.292-08 5,19 2.456-09
5,20 -3.202+02 5,21 -1.607+04 5,22 -7.004-06 5,23 1.516-01.
5,24 -1.192+00 5,25 -1.7L5-01 5,26 -1.216+00 5, 27 -1.071-02
5,28 -1.615-01 5,29 -1.874-01 5,30 -1.071-02 5,31 -1.615-01.
5,32 -1.874-01 6,	 4 -7.048-01 6,	 5 -7.354-01 6,	 6 -8.796-05
6,	 7 5.212-04 6 9	8 -5.306-04 6,	 9 -1.283-03 6,10 2.942-04
6,11 1.695-03 6,12 -3.497-05 6,13 -4-268-03 6,14 1.695-03
6,15 -3.497-05 6,16 -4.268-0-3 6,17 -1.383-09 6,18 1.119-09 
6,19 1.174-08 6,20 -1.000+04 6,2-1 -1.016+04 6,22 -2.0-:94-04
6,23 4.476-01 6,24 -4.682-01 6,25 -1.102+00 6,26 2.596-01.
6, 27 4.622-01 6,28 -1.399-02 6,29 -1.164+00 6,30 4.622-01
6,31 -1.399-02 6 9 32 -1.164+00 7,	 4 -1.975-02 7,	 5 4.360-02
7,	 6 5.151-07 7,	 7 -9.354-02 7,	 8 3. 197 -04 7,	 9 2.262-03
7 9 10 3.161-04 7, 1 1 -8.002-04 7,12 9.405-05 7,13 1.158-02" 
7,14 -8.002-04 7,15 9.405-05 7,16 1.158-02 7,17 6.349-09
7,18 -3.009-09 7,19 -3.308-08 7,20 -2.803+02 7,21 6.021+02
7 9 22 1.	 26-06 7,23 -8.033+01 7,24 2.821-01 7,25 1.943+00
7,26 2.789-01 7,27 -2.182-01 7,28 3.762-02 7,29 3.157+00
7,30 -2.182-01 7,31 3.762-02 7,32 3.157+00 8,	 4 -3.504-03
8 9	5 -3.338-01 8,	 6 -5.243-07 8,	 7 3.197-04 8,	 8 -9.367-02
8,	 9 -3.r'-_'36-04 8,10 -2.424-03 8,11 9.471-04 8,12 -7.962-04
8,13 -6.864-04 8,14 9.471-04 8,15 -7.962-04 8,16 -6.864-04
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******* SYSTEM MATRICES FOR 28 DEG ORBIT ( 2 _,f 3 ) *********

Mat r i x F (ccrrit i nued )

8,17 3.068-10 8,18 2.548-08 8,19 4.187-09 8,20 -4.972,01
8,21 -4.610+03 8,22 -1.248-06 8,23 2.746-01 8,24 -8.265+01
8,25 -2.779-01 8,26 -2.139+00 8,27 2.583-01 8,28 -3.185-01
8,29 -1.872-01 8,30 2.583-01 8,31 -3.185-01 8,32 -1.87,2-01
9,	 4 -5.420-03 9,	 5 -4.962-02 9,	 6 -1.268-06 % 7 2.262-03
9,	 8 -3.236-04 9,	 9 -9.352-02 9,10 -3.104-04 9, 1 1 -7.753 -04
9, 12 -9.377-05 9,13 -1.154-02 9,14 -7.753-04 9, 15 -9.377-05
9,16 -1.154-02 9,17 6.397-09 9,18 3.001-09 9, 19 3.29a-08
9,20 -7.692+01 9,21 -6.852+02 9,22 -3.018-06 9,23 1.943+00
9,24 -2 .B55-0 1 9,25 -8.032+01 9,26 -2.739-01 9,27 -2.114-01
9,28 -3.751-02 9, 2 9 -3.148+00 9,30 -2.114-01 9,31 -3.751-02
9,32 -3.148+00 10,	 4 5.212-03 10,	 5 -3.404-01 10,	 6 2.907-07

10,	 7 3.161-04 10,	 8 -2.424-03 10,	 9 -3.104-04 10,10 -9.357-02
10, 1 1 -9.442-04 10,12 -7.959-04 10,13 -6.497-04 10,14 -9.442-04
10,15 -7.959-04 10,16 -6.497-04 10,17 -3.011-10 10,18 2.547-08
10,19 4.078-09 10,20 7.396+01 10,21 -4.700+03 10,22 6.922-07
10,23 2.715-01 10,2--. -2.139+00 '10,25 -2. 666-01 10,26 -8.265+01
10,27 -2.575-01 10,28 -3.184-01 10,29 -1.772-01 10,30 -2.575-01
10,31 -3.164-01 10,32 -1.772-01 11,	 4 -2.636-01 11,	 5 -1.873-03
11,	 6 3.235-07 11,	 7 -1.546-04 11,	 8 1.830-04 1 1 ,	 9 -1.498-04
1 1, 10 -1.824-04 1 1, 1 1 -9.283-02 1 1, 12 8.478-08 1 1, 13 1.054-05
1 1, 14 -1.013-02 1 1, 15 8.478-08 ? 1, 16 1.054-05 1 1, 17 7.563-08
11,18 -2.713-12 11,19 -3.131-11 11,20 -3.741+03 11,21 -2.587+01
11,22 7. 703-07 11,23 -1.328-01 11,24 1. 614-01 11,25 -1. 286-01
11, 2L -1. 609-01 11,27 -:. 532+01 11,28 3. 391-05 11,29 2. 873-03
11,30 -2.762+00 1 1, 31 3.391-05 11,32 2.873-03 12,	 4 4.295--04
12,	 5 -1.695-01 12,	 6 -5.875-08 12,	 7 1.599-04 12,	 8 -1.354-03
12,	 9 -1.594-04 12,10 -1.353-03 12, 1 1 7.461-07 12,12 -1.140-01
12,13 -3.360-04 12,14 7.461-07 12,15 -4.004-04 12,16 -3. 360-04
12,17 1.437-12 12,18 1.281-08 12,19 2.078-09 12,20 6.095+00
12,21 -2.341+03 12,22 -1.399-07 12,23 1.373-01 12,24 --l.194+00
12,25 -1.369-01 12,26 -1.194+00 12,27 2.035-04 12,28 -4.561+01
12,29 -9.165-02 12,30 2.035-04 12,31 -1.601-01 12,32 -9.165-02
13,	 4 6.065-03 13,	 5 -3.280-02 13,	 6 -8.147-07 13,	 7 2.236-03
13,	 8 -1.326-04 13,	 9 -2.230-03 13,10 - 1 .255 -04 13,11 1.054-05
13,12 -3.819-05 13,13 -1.012-01 13,14 1.054-05 13, 15 -3.819-05
13,16 -1.104-02 13,17 2. 030-11 1 3, 18 1.222-09 13,19 2.907-08
13,20 8.607+01 13,21 -4.530+02 13,22 -1.940-OF, 13,23 1.921+00
13,24 -1.170-01 13,25 -1.915+00 13,26 -1.107-01 !3,27 2. 873-03
13,28 -1.527-02 13,29 -2.760+01 1 3, 30 2.873-03 13, 3 1 -1.527-02
13,32 -3.012+00 14,	 4 -2.636-01 14,	 5 -1.873-03 14,	 6 3.235-07
14,	 7 -1.546-04 14,	 8 1.830-04 14,	 9 -1.498-04 14,10 -1.824-04
14, 1 1 -1.013-02 14,12 8.478-08 14,1 3 1.054-05 14,14 -9.283 -02
14,15 8.478-08 14,16 1.054-05 14,17 7.563-08 14,18 -2.713-12
14,19 -3.131-11 14,20 -3.741+03 14,21 -2.587+01 14,22 7.703-07
14,23 -1.328-01 14,24 1.614-01 14,25 -1.266-01 14,26 -1.609-01
14,27 -2.7E2+00 14,28 3.391-05 14,29 2.873-03 14,30 -2.532+01
14,31 3.391-05 14,32 2.873-03 15,	 4 4.295-04 15,	 5 -1 . 695-01
15,	 6 -5.875-08 15,	 7 1.599-04 15,	 8 -1.354-03 15,	 9 -1.594-04
1 5, 10 -1.353-03 15, 1 1 7.4F,1-07 15,12 -'t.004-04 15,13 -3.360-04
15,14 7.461-07 15,15 -1.140-01 15,16 -3.360-04 15,17 1.437-12
15,18 1.281-08 15,19 2.078-09 15,20 6.095+00 15,21 -2.341+03
15,22 -1.399-07 15,23 1.373-01 15,24 -1.194+00 15,25 -1.369-01
15,26 -1.194+00 15,27 2.035-04 15,28 -1.601-01 15,29 -9.165-02
15,30 2.035-04 15,31 -4.561+01 15,32 -9.165 -02 16,	 4 6.065-0 3
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*+!***** SYSTE'l1 MATRICES FOR 28

Matrix F (continued)
16, 5 -3.280-02 16, 6 -8.147-07
16, 9 -2.230-03 16,10 -1.255-04
16,13 -1.104-02 1E,14 1.054-05
16,17 2.03,3 0-11 1.-., 18	 1.222-09
16,21 -4.5-3 0+02 16,22 -1.940-06
16, 2,5 -1. 915+00 16,26  -1. 107 -01
16,29 -3.012+00 1S,30 	 873-03
17, 1 1.000+00 18, 2 1.000+00
2 1,5 1.000+00 22, 6 1.000+00
25, 9 1.000+00 26,10 1.000+00
29,13 1.000+00 30,14 1.000+00
33,17 1.000+00 34,18 1.000+00
36,38 -7.200+03 37,37 -8.300+01
-9,37 1.000+00 40,17 -2.500+00
40,42 -2.500+00 41,18 -2.400+00
41,43 -2.400+00 42,40 1.000+00
45,43 1.000+00

** G IS 45X17
1, 1	 7.416-05	 1, 2 2.395--09
1,16 2.395-09 1,17 2.010-08

3 9.446-OE 2,15 2.--95-09
?., 1 2.010-08 3, 2 9.446-06
3,16 9.446-OE 3, 17 7.550-05
4, 3 1.716-06 5, 1	 1.259-07
6, 1 2.305-06 6, 2 -6.994-06
7, 2 1.881-05 7, 3 1.504-04
8, 3 -1.90-3-05 9, 1 -1.066-05

10, 1 5.018-07 10, 2 -1.592-04
11, 2	 1.696--08 11, 3	 1.423-07
12, 3 -9.446-06 13, 1 -3.383-08
14, 1 -1.260-04 14, 2 1.696-08
15, 2 -8.007-05 15, 3 -9.446-06
16, 3 -1.321-04 33,12 -1.000+00
36, 4 8.400+01 37, 5 8.400+01
40,12 2.500+00 41,137 2.500+00

** C IS 5X45
1, 1 -1.106+051	 1, 2 -1.677-01
1,18 -5.432-01	 1,19 9.543+01
1,35 1.337+02 2, 1 -1.677-01
2, 1 7 -5.432-01 2,18 -3. 367+05
2,34 -4.717+05 2, 35 5.901+04
3, 3 -1. 10:+05 3,17 '3.543+01
3,33 1. 337+Q12 3,34 5.901+04
4,42 -2.000+01 4,44 -2.000+01
5,45 -2.200+01

** B IS 5X12
1, 1	 1.020+00  1, 4	 1.106+05
1, 7 3.5e2+05 1, 8 5.432 -01
a, 4 1.677-01 2, 5 1.039+05
2, 8 3.367+05 2, 9 -4.212+04
3, 5 -1.300+04 3, 6 1.102+05
3, 9 3. 570+05 4, 7 -1. 020 +1?O

DEG ORBIT ( 3 of 3 ) *********

16, 7 2.236-03 16, 9 -1.326-04

	

1E,11	 1.054-0--1 16,12 -3. 819-0-
16,15 -3.819-05 16,1E -1.012-01
16,19 2.907--08 16,20 5. 607+01.
16,23 1.921+00 16,24 -1.170-01
16 9 27 2.873-03 16,28 -1. 527-02
16,31 -1. 527 -02 16,32 -2. 760+01
19, 3 1.000+00 20, 4 1.000 +1111
23, 7 1.000+00 24, 8 1.000+00

	

27, 11	 1.000+00 28, 12 1. 000+0N

	

31,  15	 1.000+00  32, 16 1. Q-210+00
-5,19 1.000+00  36, 36 -8.400+01
37,39 -7.200+03 38,36 1.000+00
40,36 2.500+00 40,40 -2.100+00
41,37 2, .400+00 41,41 -2.100+00

	

4.3, 41	 1.000+00  44, 42 1.000+00

1, 3 2.010-08 1,15 7.416-055
2 9 1 2.395-09 2, 2 8.007-05)
2,16 8.007-05 2,17 9.446-06
3 9 3 7. 550-05 39 15	 010-08
4, 1 -7.451-05 4, 2 2'.045-07
5, 2 -8. 073-05 5 9 3 -1. 116-05.
6, 3 -5.33 -7 -05 7, 1 -1 . 058-05
8, 1 -5.113-07 8, 2 -1.592-04
9, 2 -1.875-05 9, 3 -1.499-04

10, 3 -1.853-05 11, 1 -1.260-04
1 c , 1 -2. 395-09 1:, 2 -8. 007-05
13, 2 -7.637-06 13, 3 -1.321-04
14, 3 1.42;_,-07 15, 1 -2.395-09
16, 1 -3.383-08 16, 2 -7.637-06
34,13 -1.000+00 35,14 -1.000+00
38, 4 -1.000+00  39, 5 -1.000+00

1, 3 2.946+01	 1 , 17 - 3 . 582+05
1,33 -5.018+05 t, 314  -7.610-01
2, 2 -1.039+05 2 9 3 1.300+04
2,19 4.212+04 2, 33 -7.611-01
3, 1 2.946+01 3, 2 1.300+04
3, 18 4.212+04 - ,19 --3.570+05
3,35 -5. 0012+05 4,17 1 . 020+00
5,18 1.122 +00 5,43 -2.200+01

1, 5 1.677-01 	 1 , 6 -2.946+01
1, 9 -9.543+01 2 9 2 1.020+00
2, 6 -1.300+04 2, 7 5.432-01
3, 3 1.020+00 3 9 4 -2.946+01
3, 7 -9.543+01 3, 8 -4.212+04
5, 8 -1.122+00
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0
+►***+^**	 VEHICLE DYNAMICS MATRICES FOR 98 DEG ORBIT 	 ****^►w*

*+► Fv IS 2OX20

	

1, 4 1.205-01	 1, 5 -2. 943-04 1, 6 -1..:,08-08 1 , 7 8.703-05
1, 8 -1.673-08 1, 9 8.771-05 1,10 1.56 -2-07  1 , 1 1 -4.014-08
1 , 12 -E.446-12'	 1 , 13 -4.317-11	 1 , 14	 1.446+03  1 , 15 -3. 679+00
1,16 -3.115-08 1,17 7.474-02 1,18 -1 . 476-05 1 , 19 7.42-9-02
1, 20 1.360-04 2, 4 -5.451-05 2, 5 1.339-01 2, 6 1.014-07
2, 7 -2.702-04 2, 8 1.423-03 2, 9 2.689-04 2,10 1.422-0-3 

11 -2.417-12 2, 12 -1.315-07 2, 13 -3. 426-08 2, 14 -6. 542-01
2,15 1.674+0-3 2,t6 2.414-07 2,17 -2.321-01 2,18 1.256+00

19 2. 278-01 ._, 20 1. 238+0 17, 3, 4 -2.655-04 3, 5	 621-02
3, 6 4.908-07 3, 7 -1.31 2-03 3, 8 2. 728-04 3 1 9 1.305-0J
3,10 2.663-04 3, 1 1 -1.177-11 3,12' -2.492-08 3,13 -1-663-07
3, 14 -3. 186+00 3, 15 4.527+02 3, 16 1. 169-06 3, 17 -1. 127+00
3,18 2.407-01 3,19 1.106+00 3, 20 2.318-01 4, 4 -1.269+00
4, 5	 4, 6 -9.834-08 4, 7 -8.482-0- 4, 8 -1.258-07
4, 9 -7.972-05 4, '.0 1.174-OE  4, 1 1 4.016-08 4,12 -4.846-11
4,133 -3.245-10 4,14 -1.523+04 4,15 -2, .766+01 4,16 -2.341-07
4, 17 - 7 . 285-02 4, 18 -1.110-04 4, 19 -6.752-02 4, 20 1. 022-03

4 -c . 489-03	 5 -1.199+00 5, 6 -4.087-OF, 5, 7 -7.616-04
8 -1.418-03 5, 9 -4.220-04 5,10 -1.479-0-3 5, 1 1 -1.104-10

12 1.335-07 5, 13 4.979-08 5, 14 -2.987•'-01 5, 15 -1.498+04
5,16 -9.7 -7 1-06 5, 17 3.106-01 5,18 -1.251+00 5,19 -3.574-01
5,20 -1.288+00 6, 4	 107-02-- 6, 5 -7.785-01 6, 6 -3.302-05
6, 7 7. 560-04 6, 8 --4.272-04 6, 9 -1.267-03 6,10 9.3-28-06
6, 1 1 --3.344-10 6,12 1.931-08 6,13 1.286-07 6,14 -2.52-9+02
6,1 511 -9.731+0-3- 6,16 -7.862-05 6,17 6.492-01 6,18 -3.769-01
6,19 -1.073+00 6,20 8.12, 1-03 7, 4 -1.796-02 7, 5 6.807-02
7, 6 7.471-07 7, 7 -1.0a9-01 7, 8 5.552-04 7, 9 2.357-0-7
7, 10 L- .4537 -04 7, 11 6.14-3-09 7, 12 -5.086-08 7, 1.:, -3.395-07
7, 14 -•2. 155+02 7, 15 8.508+02 7,16 1.779-06 7, 17 -8. 8.35+01
7,16 4.8-39-01 7,19 1.997+00 7,20 4.748-01 8, 4 -2.663-0--1
8, 5 -2.E70-01 8, 6 -4. 222-07 8, 7 5. 55c-04 8, 8 -1.0-31-01
8, 9 -5.558-04 8,10 -2.603-03 8, 1 1 -1.181-12 8,12 2.679-07
8,13 7.060-08 8,14 -3.196-01 8,15 -3.337+03 8,16 -1.005-06
8,17 4.768-01 8,18 -9.095+01 8,19 -4.708-01 8,20 -2.266+00
9, 4 - 1 . 688- 02 9, 5 -7.943-02 9, 6 -1 . 252-06 9, 7 2. 357-03
9, 8 -5.558-04 9, 9 -1.0-28-01 9,10 -5.393-04 9, 1 1 6.1-31-09
9,12 5.061-08 9,13 3.378-07 9,14 -2. 0c 6+02 9,15 -9.929+02
9,16 --2 .981-06 9,17 2.024+00 9,18 -4.904-01 9,19 -8.711+01
9,20 -4.695-01 10, 4 2.487-04 10, 5 -2.784-01 10, 6 9.219-09

10, 7 5.45-3-04 10, 8 -2.603-0-3 10, 9 -5.393-04 10,10 -1.031-01
10, 1 1	 1. 103-1 1 10,12 2.677-07 10,13 6.693-08 10,14 2.9800000
10,15 -3.480+0-- 10,16 2.195-08 10,17 4.683-01 10,18 -2.297+00

	

10,19 -4.568-01 10,20 -8.973+01 1 1 , 1 	 1.000+00  12, 2 1.000+00
13, - 1.000+00 14, 4 1.000+00 15, 5 1.000+00 1 t , 6 1.000+00
17, 7 1.000+00 18, 8 1.000+00 19, 9 1.000+00 20,10 1.000+00

*+► Gv IS 20X 3
1	 6.690-05	 4.029-09	 1. 9E2-08

	

4.029-09	 8.219-05	 1.557-05
3	 1.96.E-08	 1.557-05	 7.559-05
4	 -6.693-05	 3.029-08	 1.475-07
5	 1.840-07 -8.369-05 -2.263-05
6	 1.557-06 -1.207-05 -5.843-05
7	 -1.024-0511	 -.179-05	 1.543-04
8	 1.968-09 -1.675-04 - 3 .209-05
9	 -1.0 362-05 -3.163-05 -1.536-04

10	 -1.838-08 -1.673-04 -3.133-05
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+► ****** SYSTEM MATRICES FOR THE 98 DEG ORBIT (1 OF 2)*********
1

** F IS 33X33
1,	 4 1.2-05-01 1,	 5 -2.943-04 1.	 6 -1.308-08 1,	 7 8.703-05
1,	 8 -1.673-08 1,	 9 8.771-05 1,10 1.562-07 1 ,	 1 1 -4.014-08
1,12 -6. 446-12 1 , 13 -4.317-11 1,14 1.446+03 1,15 -3.679+00
1,16 -3.115-08 1,17 7.474-02 1,18 -1.47E-05 1,19 7.429-02
1,20 1. 360-04 2,	 4 -5- 451-05 2,	 5 i . 339-01 2,	 6 1.014-07

7 -2.702-04 2,	 8 1.423-03 2,	 9 2.689-04 2,10 1.422-03
L, 11 -2.417-12 2, 12 -1.315-07 2, 13 -3.426-08 2, 14 -6. 542-01
2, 15 1.674+03 2, 16 2.414-07 2, 17 -2.321-01 2, 18 1. 256 +1' A

2, 19 2.276-01 2, 20 1.238+00 3,	 1> -2.655-04 3,	 5 3.621-02
3,	 6 4.908-07 3,	 7 -1.312-03 3,	 8 2.728-04 3,	 9 1.305-07"
3,10 2.663-04 3, 1 1 -1.177-11 3,12 -2.492-08 3,13 -1.6E3-07
3,14 -3.186+00 31 ,15 4.527+0_1 -- ,16 1.169-06 3,17 -1.127+00
-	 18 2.407-01 3,19 1.106+00 3, 20 2.318-01 4,	 4 -1.269+00
4,	 5 -2.212-03 4,	 6 -9.834-08 4,	 7 -8.482-05 4,	 8 -1.258-07
4,	 9 -7.972-0-11 4,10 1.174-06 4, 1 1 4.016-08 4,12' -4.846-11
,.J4,1-3 -33 .245-10 4,14 -1.523+04 4,15 -2.766+01 4,16 -2.341-07

4, 17 -7. 285-02 4, 18 -1. 110	 A4 4, 19 -6. 752-02 4,20 1.022-03
4 -2.489-03 5,	 5 -1. 199+Q,2 5,	 6 -4.087-06 5,	 7 3.616-04

5,	 8 -1.418-03 5,	 9 -4.221?'-04 5,10 -1.479-03 5, l 1 -1.104-10
5,12 1.339-07 5, 13 4.979-08 5,14 -2.987+01 5,15 -1.498+04
5, 16 -9.731 -06 5, 17 3.106-01 5, 18 -1.251+0Q. 5, 1? -3.574-01
5, 20 -1.288+00 6,	 4 -2.107-02 E,	 `5 -7.785-01 6,	 6 -3.302-05
6,	 7 7.560-04 6,	 8 -4.272-04 6,	 9 -1.267-03 6,10 9.328-06
6, 1 1 -9.344-10 6,12 1.931-08 6, 1 1.286-07 6,14 -2.529+02
6,15 -9.731+03 6,16 -7.862-05 6,17 6.4 192-01 6,18 -3.769-01
6,19 -1.073+00 6,20 8.121-03 7,	 4 -1 796-02 7,	 5 6.807-02
!,	 6 7.471-07 7,	 7 -1.029-01 7,	 6 5.552-04 7,	 9 2.357-03
7,10 5.453-04 7,11 6.143-09 7,12 -5.086-08 7,13 -3.395-07
7,14 -2'.155+02, 7,15 8.508+02 7.1E 1.779-06 7.17 -8.835+01
7,18 4.899-01 7,19 1.997+00 7,20 4.748-01 8,	 4 -2.663-05
8,	 5 -2.670-01 8,	 6 -4.222-07 8,	 7 5.552-04 8,	 8 -1.031-01
8,	 9 -5.558-04 8,10 -2.603-03 8, 1 1 -1.181-12 8,12 2.-,,79-07
8,13 7.060-08 8,14 -3.196-01 8,15 -3.337+03 8,16 -1.005-06
8,17 4.768-01 8,18 -9.095+01 8,19 -4.708-01 8,20 -2.266+00
9,	 4 -1.688-0Z 9,	 5 -7.943-02 9,	 6 -1.252-06 9,	 7 2.357-03
9,	 8 -.j.553-04 '3,	 9 -1.028-01 9,10 -5.393-04 9, 1 1 6.191-09
9, 12 5.061-08 9,13 3.378-07 9,14 -2.026+02 9,15 -9.929+02
9,16 -2.981-06 9,17 2.024+00 9,18 -4.904-01 9,19 -8.711+01
9,20 -4.695-01 10,	 4 P.487-04 10,	 5 -2. 784--01 10,	 6 9.2-19-09

`	 10,	 7 5.453-04 10,	 8 -2.603-0-3 10,	 9 -5.393-04 10,10 -1.031-01
1 0,	 1 1 1. 103-1 1 10,12 2.677-07 10,13 6.893-08 10,14 2.984+00
10,15 -3.480+03 10,16 2.195-06 10,17 4.683-ell 10,18 -2.297+00
10,19 -4.568-01 10,20 -8.973+01 1 1 ,	 1 1.000+00 12,	 - 1.000+00 
13,	 3 1.000+00 14,	 4 1.000+00 15,	 5 1.000+00 1E,	 6 1.000 +00
17,	 7 1.000+00 18,	 8 1.000+00 19,	 9 1.000+00 20,10 1.000+01b
21, 1 1 1.000+00 22,12 1.000+00 23,13 1.000+00 24, 24 -8.400+01
-4,26 -7.200+03 25,25 -8.300+01 25,-2 7 -7. ",00+03 26,24 1. OOV.i+00
27,2'5 1.000+00 28,11 -2.500+00 28, 24 2:.500+00 28,28 -2.100+00
28, 30 -2.500+00 29,1c'-_' -2.400+00 29,25 -.400+00 29,29 -2.100+00
29,31 -2.400+00 30,r'-_'8 1.000+00 31,29 1.000+00 32,30 1.000+00
33, 31 1.000+00
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G)
******** SYSTEM MATRICES FOR 98 DEG ORBIT (2 OF 2) ***********

** G IS 33X17
1,	 1 6. 690-05 1,	 2 4.029-09 1,	 3 1.962-08 1, 15 6.690-05
1, 1S 4.029-09 l.17 1.962-08 2,	 1 4.029-09 2,	 2 8.219-05
2,	 3 1.557-05 2,15 4.029-09 2,16 8.219-05 2,17 1.557-05
3,	 1 1.962-08 3,	 2 1.557-05 3,	 3 7.559-05 3,15 1.962-08
3,16 1.557-05 3,17 7.559-05 4,	 1 -6.693-05 4,	 2 3.029-08
4,	 Z 1.475-07 5,	 1 1.840-07 5,	 2 -8.369-05 5,	 3 -2.263-05
6,	 1 1.557-06 6,	 2 -1.c07-05 6,	 3 -5.843-05 7,	 1 -1.024-05
7,	 2 3.179-05 7,	 3 1.543-04 8,	 1 1.968-09 8,	 2 -1.675-04
8,	 3 -3.209-05 9,	 1 -1.032-05 9,	 2 -3.163-05 9,	 3 -1.536-04

10,	 1 -1.838-08 10,	 2 -1.673-04 10,	 3 -3.133-05 21,12 -1.000+00
22,13 -1.000+00 23,14 -1.000+00 24,	 4 8.400+01 25,	 5 8.400+01
26,	 4 -1.000+00 27,	 5 -1.000+00 28,12 2.500+00 29,13 2.500+00

** C IS	 5X33
1,	 1 -1.226+05 1,	 2 -2.059-02 1,	 3 3.182+01 1,11 -3.970+05
1,12 -6.669-02 1,13 1.031+02 1,21 -5.562+05 1,22 -9.344-02
1,23 1.444+02 2,	 1 -2.059-02 2,	 2 -1.038+05 2,	 3 2.139+04
2,11 -6.S69-02 2,12 -3.363+05 2,13 6.927+04 2,21 -9.343-02
2,22 -4.711+05 2,23 9.705+04 3,	 1 3.182+01 3,	 2 2.139+04
3,	 3 -1.129+05 3, 1 1 1.031+02 3,12 6.927+04 3,13 -3.656+05
3,21 1.444+02 3,22 9.705+04 3,23 -5.122+05 4, 1 1 1.020+00
4,30 -2.000+01 4,32 -2.000+01 5,12 1.122+00 5,31 -2.200+01
5,33 -2.200+01

** B IS	 5X12
1,	 1 1.020+00 1,	 4 1.226+05 1,	 5 2.059-02 1,	 6 -3.182+01
1,	 7 3.970+05 1,	 8 6.669-02 1,	 9 -1.031+02 2,	 2 1.020+00
2,	 4 2.059-02 2,	 5 1.038+05 2,	 6 -2.139+04 2,	 7 6.689-02
2,	 8 3.363+05 2,	 9 -6.927+04 3,	 3 1.020+00 3,	 4 -3.182+01
3,	 5 -2.139+04 3,	 6 1.129+05 3,	 7 -1.031+02 3,	 8 -6.927+04
3,	 9 3.656+05 4,	 7 -1.020+00 5,	 0 -1.122+00
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