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NASA/Ames

DOCUMENTATION OF LIQUID HELIUM SLOSH MODELS DEVELOPED FOR
THE IRAS ACS SIMULATION

By K. R. Lorell, Research Scientist

I. INTRODUCT ION

This report describes the equations used to model the motion of super-
fluid liquid helium inside the IRAS telescope dewar. 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 between the satellite and the liquid helium through the
medium of the attitude control subsystem. Under worst-case conditions
a resonance may develop, should the natural frequencies of any of the
modes of fluid motion and the ACS be sufficiently well matched.

In order to study the behavior of the attitude contro] 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-nmass-damper system. The rationale for not
employing fluid-mechanical techniques is threefald: 1) our primary con-
cern is the large-scale interaction of the superfluid helium and the
satellite attitude dynamics, not the actual detailed fluid motion,

2) fluid motion in general and superfluid helium in particular has proved
to be very diificult to model, and 3) experiments by Mason, Collins, and
Petrac (unpublished) have shown that the simple models are adequate for

vorst-case analyses.
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IT.  CASE I-SIMPLE SPRING-MASS-DAMPER

During the initial pnases of the flight, the dewar will be almost completely
filled with helium. Lorell, DeBra, and Collins have concluded that with

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

will resemble that of a ligntly damped spring-mass syster. Figure 1

chows a single-axis two degree-of-freedom system. The equations describing
the motion of the slosh mass and the resulting forces acting on the walls

of tihe dewar can be obtained by approximating the slosh mass and satellite
as dariped linear harmonic oscillators. For the slosh mass we have

mLa.émT KL(ern“65\+ BL.(ém-—GS)—fO <1)

and for the satellite,

5 = Be ) = M (i
1595* KL(G\M_QS)—B!—<6Y‘H 93) Mp+Mc

where K is the spring constant, B is the damping constant, and the small-
angle approximation has been used. ”D and Mc are disturbing and control

moments respectively. In order to select appropriate initial values for

tne parameters K and B, we use the equation

28! é.m+Keﬁ\ 1-89\»\0:0 (3)

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

=

- _B
i ém
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Fron experimental work by Collins, we can select \

~,

e

f m=1coke then K= 37‘104“"—/?‘.'1) Bz 40N /s

Q
J )

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

K= 9%10° N (%)

ITI. CASE II - SINGLE ROTATING PENCULU

As tne level of cryogen in the dewar decreases during the flight, a
transition occurs from a nearly full state, with the fluid wetting

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

fined to a small volume. This concentrated mass of fluid interacts with
the dewar walls in response to sateilite attitude motions which in turn
are influenced by tne fluid motion. It is easy to imagine a situaticn

in wnich either an extended series of slewing maneuvers or continued limit
cycle activity might excite a resonant mode in the dewar-fluid system.
DeBra, Marqulies, 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 syrmetry. In this model the perdulum
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 the mass and rod.
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Our goal is to comspute Fp. Thus, summing components of forces acting
on n along the direction of FP’ ve can inmediately write

e

=R ML égCOEqS +mbfz sing  (E)

For torques acting about the axis of rotation (equivalent to forces
perpendicular to FP), vie can write

MBS + B'6 = MLR &3 tosp- mLR Iy s ()

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

The reaction of the satellite to Fp (that is, the force generated by
tie rotating pendulum mass) is

Toy 8¢ = - (-Fo) L cosd
dg % P (10)
12263+ ~CFe)L s o

or - . o b 12 snad . M .
Ig%eéz—m[ra&-z,e}oodp L6353 Licosp +Mey +
1P éj = -M [Réa. Léchsd_L@;smﬂLSIu#{— Mc +

Expressions (9) and (11) form a set of seccnd-order non-linear
differential equations which must be solved numerically in the context

of the ACS simulation. Aside from programming the equations thenselves,
all that is needed is appropriate initial conditions for  and é.

However, a range of values for 0 and é snould be explored (with particular
attention to é) in order to determine any areas of ACS sensitivity.
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In order to calculate an approximate starting value for B', assume a time
constant of .2 sec™! as before with m = 20 kg, R = 75 cm. Then a LaPlace
transform of -the left side of (9) yields

$(s)= ¢ (o%(m ets~g') (18)

or

B = 0.2 omd B'=2.25 N"t‘mﬁczc\./sec (13)

—

mR2

It is suggested that since B' is a rather critical value to the outcome
of the investigation, it be varied by an order of magnitude both higner
and lower.

IV. CASE IIT - DOUBLE (OR MULTIPLE) ROTATIIG PEi!DULA

Margulies® has developed a model for fuel slosh in a Lockheed Agena

vinich uses a multiple pendulum concept. This idea relates to the
possibility of more than one slosh mass being excited during maneuvering
or under dewar fill-level conditions winerein the fluid condenses into
several units. Wnile this model is probabiy more appropriate for a
vahicie 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 dewar.

Figure 4 indicates “he generalized location of two pendulums in the
IRAS dewar. Using notation identical with that of Case II, it is
immediately possible to write down a set of governing equations
analogous to (3), (9), (10), and (11).

F;H - —M1 E‘¢‘a+M1Ll eas\ccsd']-%-m,‘ Ll‘ 935“\\‘?‘ (14)

s'e ' oy . y “'_ TS
Foe = - W, Ry Go ¢ Mg lig 6‘% cosdy t ”a("aegs P
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- Ly 500591 % ¢1=0
1

vhere
\\1 Fl (“ + 17 Ldi 3 Sin qu

Y a4 and.mmalieBicesd + B ¢,
VV\a'gza Qpé + i, Lﬂgéag's'hd ra c K c fza. ¢

and e, . “ & S co ¢}+M +
S 9 = {mﬂ_ﬁi;‘)f- Lie}"os‘?i“ Li=z "‘*’1"{]L;_ s¢; ey
d 3 221
¥ e r . - -
I’M 1 o Z {mi [Rz 4): “'Lz'eg COS’,!>"" L;essl'Jéi]Lc'Squ:z-
2=y

B' can be selected 2s in Case II.

Equations (15) and (16) may clearly be extended indefinitely to
include any arbitrary number of pendulums. However, the resultant
computational load required to perform an iterative solution of the
coupled non-linear equations rapidly becomes unmanageable, so that
probably three separate masses is a practical limit.

V. [HPLEMENTATION Iii THE IRAS ACS SIMULATION

Equations for the three slosh models may be implenented into the IRAS
ACS sirnulation through the addition of the appropriate state variables.
The slosh cquations essentially model a disturbing moment which contains
its own dynamics. The slosh state-variables thus require inputs from
tne vehicle state-variables for their computation. After the slosh
state has been computed, FP may be determined and included in the next

iteration of the vehicle state.
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Figure 5 illustrates a simplified block diagram of the IRAS ACS simulation
without the slosh model. Basically, the cryogen slosh is a dynamic
disturbance mouwent 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. Tihe reason for computing the value of FP first is that
non-zero initial values of § 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.

VI. COICLUSIONS

Equations of motion of three models of liquid 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
fluid. One of the models is suitable for fiuid motion with the dewar
nearly full, while the other two are representative of intermediate fill
levels, including an almost empty dewar.

Values for natural frequency and damping coefficients have been derived
from experiments performed in zero gravity conditions with superfluid
nelium. Tnese values should be used only as a starting point; however.
Simulations should be done with critical parameters, such as initial
conditions, damping coefficients, and natural frequencies varied by as
much as an order of magnitude. This technique makes it possible to
bound the slosh state-variable regimes, if any, wiich adversely affect

the ACS.
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Figure 1.

Simple Spring-Mass-Damper System
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Figure 2. Rotating Pendulum Geometry
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Figure 3,

Force Diagram for Rotating Pendulum

207



b

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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*% Fv
1, 4
1, 8
1,12
1,16
1,22
1,24
1,28
1,32
e, 7
2,11
215
2,19
2,23
2,27
2,31
3, 6
3,12
3,14
3,18
3,22
3,26
3, 30
4, S
4, 39
4,13
4,17
4,21
4,25
4,29
Sy 4
5, 8
S, 12
5,16
5,20
5,24
5,28
Sy 32
€&, 7
6,11
6,15
€,19
6,23
6,27
6, 31
7, 6
7,10
7,14
7,18
7,22
7,6
7, 30

VEHICLE

IS 32Xx3z
1.565-021
4. 346-06
1. 198-028
1. 488-06
2. 220+03
3. 835-23
4.791-06
4.059-04

-1.599-04

-7.461-07
4. QQ4-04

-2.078-29

-1.373-01

-2.035-04
1.601-21
4.483-27
1.575-04

-6. 262-06

-1.511-@9
1.067-06
1. 39@a-021

-1.708-03

~-&.256-02

-2. 194-05
1.271-04
4.470-08

-3.116+02

-1.884-02
3. 466-02

-2.256-02

-1.351-03

-4.036-04

-6.873-04

-3. 20a+02

-1.192+00

-1.615-01

-1.874-01
S.212-04
1.695-03

-3.497-05
1.174-028
4.476-01
4. 622-01

-1.399-02
S.151-07
3.161-04

-8.002-04

-3.009-09
1.226-26
2.789-01

-2.182-01

DYNAMICS MATRICES

1, S
1, 9
1,13
1427
1,21
1,25
1,29
2, 4
2, 8
2,12
2,16
2,20
2,24
2,28
2, 32
3 7
2,11
3,15
3,19
3,23
3,27
3, 31
4, 6
4,10
4,14
4,18
4,22
4,26
4,30
5 5
S, 9
5,13
5,17
5,21
5,25
s,29
6, 4
6, 8
6, 12
6,16
6, 20
6,24
6, 28
6, 32
Ty 7
> 34
7,15
7,19
7,23
7,27
y

-2.643-04
9. 062-25
1. 488-26

-4, 449-08

-3. 650+020
7.782-02
4, 259-24

-4, 295-04
1. 354-23
4, 004-24%
3. 360-24

-6. 295+00
1. 194+22
1.601-01
9. 165-22

-1.278-23

-6.262-06
4.723-05

-1.661-28

-1.098+00

-1.708-23
1. 889-022

-2.819-26
2.110-05

-5.523-03

-3.272-11

-6.712-26
1.861-02

-1.506+022

-1.163+00

-2.008-24

-6.873-04

-7.552-11

-1.607+04

-1.725-021

-1.874-01

-7.048-021

-5. 30604

-3.497-@5

-4.268-03

-1.000+04

-4, 682-01

-1.399-022

-1.164+00

-9. 354-022

-8.002-04
9. 405-25

-3. 308-08

-8.033+21

-2. 182-01
3. 762-22

PRECEDING PAGE BLANK NOT FILMED

FOR 28 DEG ORBIT

i, &
1,10
1,14
1,18
1,22
1,26
1,30
2, S
2, 9
2,13
2,17
2.21
2,25
e, 29
3, 4
3, 8
3,12
3,16
3,20
3,24
3,28
3,32
4, 7
4,11
4,15
4,19
4,23
4,27
4,31
s, 6
s, 10
S, 14
s, 18
5, 22
s, 26
s, 30
6, S
6, 9
6,13
6,17
6, 21
6, 25
6,29
7, 4
7, 8
7,12
7,16
7,20
7,24
7,28
7,32
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-1.936-028
-4.265-026
S5.546-03
-3.833-13
-4.610-28
-3.764-03
1.513+20
1.695-01
1.594-024
3. 360-04
-1.437-12
2.341+03
1.369-01
9. 165-02
-3. 6@5-23
1.618-04
4.723-@5
S.814-23
-5.115+21
1.427-01
1.889-@2c
1.586+00
=7.996-@5
-5.523-03
1.023-26
-3.776-10
-6. 867-02
-1.506+00
4.091-24
-2. 942-06
-1.378-03
-3.925-05
1. 29z-08
-7.004-06
-1.216+00
-1.071-0e
-7.354-01
-1.283-02
-4.268-03
-1.383-09
-1.016+04
-1. 10c+0@
-1. 164+0202
-1.975-02
3.197-04
9. 405-05
1.158-02
-2. 803+02
2.821~-01
3. 762-02
3. 157+002

(1 of 3 ) #%%x
1, 7 8.994-25
1,11 S.S546-03
1,15 1.198-@28
1,19 —-4.423-12
1,23 7.724-02
1,27 1.513+020
1,31 4.791-26
2, 6 5.875-08
2,12 1.353-23
2,14 -7.461-07
2,18 -1.281-28
2,22 1.399-07
2,26 1.194+02
2,30 -2.035-04
3, 5 2.344-02
3, 9 1.274-03
3,13 5.814-@3
3,17 -1.206-11
3,21 3.237+02
3,25 1.094+0Q
3,29 1.586+00
4, 4 —-1.136+00
4, 8 -1.418-05
4,12 1.023-06
4,16 1.271-04
4,20 -1.612+04
4,24 —-1.251-02
4,28 4.0291-04
4,32 3.466-022
S, 7 1.765-024
5,11 -3.925-25
S,15 —4.036-04
5,19 2.456-29
5,23 1.516-01
5,27 -1.@71-02
5,31 -1.615-01
€, 6 —-8.796-25
6,10 2.942-04
6,14 1.695-023
€,18 1.119-09
6,22 -2.094-04
6,26 2.596-01
6,30 4.622-01
7, 5 4.360-02
7, 9 2.262-23
7,13 1.158-02
7,17 6.349-29
7,21 6.021+02
7,25 1.943+02
7,29 3.157+00
8, 4 -3.504-03
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*xxxxx VEHICLE DYNAMICS MATRICES

Matrix Fv

8, S
a, 9
8,13
8,17
8,21
8,25
8,29
9, 4
9, 8
9,12
9,16
9, 20
9, 24
9,28
9, 32
10, 7

12, 11
19, 15

12, 19
10,23

19, 87
10, 31

11, 6
11,10

11,14
11,18
11,22
11,26
11, 30
12, S
12, 9
12,13
12,17
12,21
12, 25
12,29
13, 4
13, 8
13,12
13,16
13, 20
13,24
13,28
13, 32
14, 7
14,11
14,15
14,19
14,23
14,27
14,31

-3. 338-01
-3.236-04
-6. 864—-04
3.068-1@
—-4.610+23
-2.779-01
-1.872-01
-S. 420-03
~-3. 236-04
-9.377-05
-1.154-022
-7.6%92+01
-2.855-01
-3.751-022
-3. 148+002
3.161-04
=9. 442-04
-7.959-04
4,278-29
2.715-01
-2.575-01
-3.184-01
3.235-07
=1.824-04
-1.213-a2
2. 713=12
7.703-27
-1.609-01
-2. 762+00
-1.695-01
-1.594-04
-3. 260-04
1.437-12
-2.341+03
-1.369-01
-9. 165-02
6. QES-03
-1.326-04
-3.819-05
-1. 104-02
8. 607+01
-1.170-01
-1.527-0
-3.012+00
-1.546-04
-1.013-02
8. 478-128
-3.131-11
-1.328-21
-2.762+00
3.391-25

(cont inued)

8, 6
8,i@
8, 14
8,18
8, 22
8,26
8, 30
9, S
9, 9
9,13
9,17
9,21
9,25
9,29
10, 4
12, 8
10,12
10,16
10, 20
10, 24
1@, 28
1Q, 32
11, 7
11,11
11,15
11,19
11,23
11,27
£1,31
12, 6
12, 1@
12,14
12,18
12,22
12,26
12, 30
13, 5
13, 9
13,13
12,17
13,21
13,25
13,29
14, 4
14, 8
14,12
14,16
14,20
14,24
14,28
14, 32

-5.843-07
-2. 424-023
9.471-24
2.548-28
-1.248-26
-2. 139+00
2.583-01
-4.362-02
-9. 35e-e
-1.154-02
6. 397-29
-6. 852+02
-8.23z2+01
-3. 148+002
S.212-23
-2. 424-03
-7.959-24
-6. 497-04
7.396+071
-2. 139700
-3.184-01
-1.77c-21
-1.546-04
-9.283-2
8. 478-ad
-3.131-11
-1.3z8-01
-2.532+01
3.391-25
-S5.875-08
-1.353-03
7.461-07
1.281-28
-1.399-a7
-1.194+022
2.035-04
-3.280-02
-2. 230-03
-1.012-21
2.030-11
-4, 530+02
-1.915+02@
-&.760+01
-2.636-01
1.830-24
8. 478-028
1.0254-05
-3.741+03
1.614-21
3.391-05
2.873-23

FOR 28 DEG ORBIT (&

e, 7
a, 11
8, 15
8,19
8,23
8,27
8, 31
9, 6
9, 1@
9, 14
9,18
9, 22
9, 26
9, 30

10, S

12, 9
10, 13
12,17

10, 21

10, 25

1@, 29
11, 4

11, 8

11,12

11,16
11,20
11,24

11,28

11,32

12, 7

12,11
12,15

12,19

12,23

12,27
12, 31

13, 6
13,10
13,14
13,18
13,22

13, 26

13, 30
14, S

14, 9
14,13

14,17
14,21

14,25
14,29
15, 4

218

3. 197-24
9.471-04
-7.962-04
4.187-29
2. 746-01
2.583-01
-3.185-21
-1.268-0¢6
=3. 104-24
~7.753-04
3.001-29
-3.018-0¢6
-2.739-01
-2.114-01
=3. 404-01
=3. 104-04
-6. 497-04
-3.011-10
=4,700+23
-2. 666-01
-1.772-01
-2.636-01
L. 830-04
8. 478-28
1.054-25
=3.741+03
1.614-21
3.391-@5
2.873-23
1.599-04
7.461-27
—4.004-04
2.078-29
1.373-01
2. 035-04
-1.601-01
-8. 147-@7
-1.255-04
1.054-@5
1.222-09
-1.940-026
-1.107-01
2.873-23
-1.873-23
-1.498-24
1.054-05
7.563-128
-2.587+01
-1.286-01
2.873-03
4.295-04

8, 8
a,1a
8, 16
8, 20
8, 24
8,28
8, 32
9, 7
9, 11
9,15
9,19
9,23
9, 27
9, 31

12, €

10, 10

10, 14

10, 18

10, 22

10, 26

10, 30

11, S

11, 9

21,43

11,17

11,21

11,25

11,29

12, 4

12, 8

12,12

12, 16

12, 20

12, 24

12,28

12, 32

13, 7
13, 11

13,15
13,19
13,23

13,27

13, 31
14, 6
14,1@
14, 14

14,18
14, 22

14,26
14, 3@
15, S

of 3 ) #xxx

-9. 367-02
-7.962-04
-6.864-24
—-4,.972+21
-8. 265+01
-3. 185-01
-1.872-021
2. 262-03
-7.753-04
-9, 377-05
3.298-128
1. 3943+02
-2.114-021
-3.751-02
2.907-27
-9. 367-0c
-9. 442-04
2.547-08
6. 22e-a7
-8. 265+01
-2.575-01
-1.873-03
-1.498-24
1. 254-25
7.S563-28
—-2. 987+01
-1.286-021
2. 873-23
4, 295-04
-1.354-03
-1. 140-21
-3. 360-04
€. 295+020
-1.194+00
-4,561+21
-9. 165-22
2. 23623
1. 254-05
-3.819-25
2.907-28
1.921+020
2.873-03
-1.527-02
3.235-07
-1.824-24
-9.283-02
-2.713-12
7.703-@7
-1.609-21
-2. 532+01
-1.695-021



#xxxnx VEHICLE DYNAMICS MATRICES FOR 28 DEG OREIT

Matrix Fv

15, 6
15, 1@
15, 14
15,18
15, 22
15, 26
15, 30
16, S
16, 9
16,13
16, 17
16, 21
16, 25
16,29
17, 1
21, S
es, 9
29,13

*% Gv

oONOWU P W

-5.875-028
-1.353-23
7.461-27
1.281-28
-1.399-@7
=1.194+20
2. a35-24
-3. 28v-22
-2. 230-23
=1.104-22
2. 230-11
=4.3530+022
-1.915+20@
-3.012+20
1. 020+22
1. 200+Q2@
1. 222+2@
1. 202+02@

IS 32X 3
7.416-25
2. 395-@9
2.012-28

-7.451-235
1.259-27
2. 305-26

-1.058-035

-9. 113-07

~1.066-25
S5.018-07

-1.260-24

-2. 395-29

~-3.383-28

-1.260-24

-2. 395-29

-3. 383-08

(cont inued)

15, 7
15, 11
15, 15
15,19
15, 23
15,27
15, 31
16, 6
16, 1@
16, 14
16, 18
16,22
16, 26
16, 30
18, 2
22, 6
26, 10
30,14

1.599-024
7.461-27
-1.140-021
2.078-09
1.373-01
2. 23504
-4.561+01
-8. 147-27
-1.255-24
1.234-25
1. 2e2-09
-1.940-26
~1.127-01
2.873-03
1. 2ua+2@
1. dua+2@
1. Qoa+Q@
1. 202+

1S5. 8
15,12
15,16
15, 20
15, 24
15,28
15, 32
16, 7
16,11
16,15
16,19
16,23
16,27
16,31
19, 3
23, 7
27,11
31,15

£.395-29
8.007-25
9. 44€-026
2. 045-27
-8.073-2S5
-6.994-06
1.881-2S
-1.592-04
-1.875-05
-1.5%2-04
1.696-28
-8.027-25
-7.637-06
1.696-08
-8.007-05
-7.637-06

2. 212-128
9. 446-06
7.550-235
1.716-06
-1.116-25
=9. 337-05
1.504-024
-1.9@03-05
=1.499-24
-1.853-05
1. 423-27
=3. 446-026
-1.321-24
1. 423-07
=9. 446-06
-1.321-04

219

-1.354-23
-4, Q04-24
-3. 360-24
€. 295+0202
-1.194+22
-1.601-021
-9. 1e5-22
2.236-03
1.254-25
-3.819-2S
2.907-08
1.921+002
2.873-@3
-1.527-02
1. 2Q0+22
1. 200+202
1. 22@+22
1. 200+22

(3

15, 9
15,13
15,17
15, 21
15,25
15,29
16, 4
16, 8
16,12
1€, 16
16,20
16, 24
16, 28
16, 32
20, 4
24, 8
28, 12
32, 16

of 3 ) #xxx

-1.594-24
=3. 260-24
1.437-12
2. 341+03
-1.3€9-a1
-9. 1e5-2&
6. 065-23
-1.326-04
-3.819-25
-1.01&2-01
8.607+021
-1.17@-01
-1.527-2
-2.760+01
1. 220+22
1. 002+02
1. 002+20
1. 000+20



*»#xx%xu%x SYSTEM MATRICES FOR 28

% F

1, 4
1, 8
1,1&
1,16
1,20
1,24
1,28
1,32
e, 7
2,11
2,15
2,19
2,23
2,27
g, 31
3, 6
3,1@
3,14
3,18
3,22
3,26
3, 30
4, S
4, 9
4,13
4,17
4,21
4,25
4,29
S, 4
s, 8
S, 12
5,16
s, 20
5,24
s, 28
5, 32
€&, 7
E,11
6,15
6,19
6,23
6,27
6,31
7, €
7,10
7,14
7,18
7,22
7,26
7,30
8, S
8, 9
8,13

IS 45X4S

1.56e5-01
4. 346-06
1.198-08
1. 488-06
2. 220+23
3.835-03
4.731-06
4. @59-04
-1.599-04
-7.461-07
4, 0Q4—-04
-2.078-29
-1.373-01
-2.035-04
1.601-01
4. 483-07
1.575-04
-6.262-06
-1.511-29
1.067-06
1. 390-021
-1.708-23
-2. 256-02
-2.194-05
1.271-04
4. 470-028
-3. 116+02
-1.884-02
3. 466-02c
~2.256-02
-1.351-03
-4.036-04
-6.873-04
-3. 22+
-1. 192+0@
-1.615-01
-1.874-01
S.212-04
1. 695-03
-3. 497-05
1.174-08
4.476-01
4. 622-01
-1.399-02
S. 151-07
3.161-04
-8. 00c-04
-3.009-09
1. 226-06
2. 7895-01
-2. 182-01
-3. 338-01
-3. 236-04
-6. 864-04

1, S
1, 9
1513
1,17
1,21
1,25
1,29
2, 4
2, 8
e, 12
2,16
2,20
2,24
2,28
2, 32
3, 7
3,11
3,15
3,19
3,23
3,27
3, 31
4, 6
4,10
4,14
4,18
4,22
4,26
4,30
5, S
s, 9
5,13
5,17
5,21
5, 25
5,29
€&, 4
6, 8
6, 12
6,16
6,20
6,24
€, 28
6, 32
7, 7
7,11
7,15
7,19
7,23
7,27
7, 3%
8, €
8, 1@
8,14

-2. 64304
9. 26225
1. 488-2¢6

-4, 449-08

-3. 650+020
7.782-22
4.Q59-04

-4.295-04
1.354-03
4. 004-04
3. 360-24

-6. @95+00
1.194+0202
1.601-01
9. 165-@2

-1.278-03

-6.262-06
4.723-2S

-1.661-028

-1.098+00

-1.708-03
1.889-02

-2. 819-026
2.110-05

-5.5a3-a3

-3.272-11

-6.712-026
1.861-0c

-1.506+00

-1.163+00

-2. 00804

-6.873-04

-7.552-11

-1.627+04

-1,7a5-01

-1.874-01

-7.048-021

-5. 306-04

-3.497-@5

-4.268-23

-1.000+24

-4, 682-01

-1.399-02

-1.164+020

=-9. 354-02

-8.002-04
9. 405-25

-3. 308-08

-8.033+021

-2. 182-01
3. 762-ae

-5. 243-07

-2.424-03
9.471-04

1, 6
1,1@
1,14
1,18
1,28
1,26
1, 3@
2, S
2, 9
2,13
2,17
2,21
2,25
2,29
3, &
3, 8
3, 12
3,16
3,20
3,24
3,28
3,32
4, 7
4,11
4,15
4,19
4,23
4,27
4,31
s, 6
5, 1@
S, 14
s, 18
5, 22
5, 26
5, 30
€&, S
&, 9
6,13
6,17
6, 21
€, 25
6, 29
7, 4
7, 8
7,12
7,16
7,20
7,24
7,28
7,32
8, 7
8,11
8,15

220

DEG OREIT (1

-1.936-28
-4, 265-26
S. 54623
-3.833-13
-4.612-28
-3.764-23
1.513+2Q
1.695-021
1.594-024
3. 36004
-1.437-12
2. 341+03
1. 269-21
9. 165-22
-3.605-23
1.618-04
4,723-2S
S5.814-23
-5. 115+21
1.427-01
1. 889~z
1.586+0202
-7.996-25
-5.9523-03
1.223-06
-3.776-12
-6. 867-22
-1.506+20
4.291-24
-2. 942-06
-1.378-23
-3. 925-05
1.292-28
-7.004-26
-1.216+202
-1.071-022
-7.354-21
-1.283-03
-4, 268-23
-1.383-09
-1.216+24
-1.1022+020
-1.164+020
-1.975-22
3. 197-04
9. 405-0S
1. 158-22
-2.803+02
2. 8c1-01
3.762-02
3. 157+20
3. 197-04
9.471-24
-7.962-04

3 )

7
1,11
15
19
2
1,2

—
-

-
- - -
L
(8]

-
[
-

mmn
i
oHrem

o
n

n
n
,m

5, 31

6,10

EE R 2 2 bt 8 % ]

8. 994-25
S. S546-23
1. 1928-28
-4, 42312
7. 724-22
1.513+02
4,791-26
S.875-28
1. 353-23
-7.461-27
-1.281-v8
1. 399-27
1. 194+22
-2. 3504
Z. 344-02
1.274-03
S.814-23
-1.206-11
3. 237+022
1.294+20
1. 586+
-1. 136+2Q
-1.418-25
1. 223-06
1.271-24
-1.612+24
-1.251-22
4.0291-04
3. 466-22
1. 765-024
-3.925-05
-4.036-24
2. 456-29
1.516~-01
-1.071-2g
-1.615-01
-8.796-25
2.942-04
1.695-23
1.119-29
2. 094-04
2.596-01
4. 622-21
4. 3E0-02
2. c62-a3
1. 158-22
6. 349-29
€. 021+2&
1.943+00
3.157+02
-3.504-23
-9, 367-02
-7.962-04
-6. 864-04



i fes .

-

##xxnn% SYSTEM MATRICES FOR &8

Matrix F

8,17 3.068-10
8,21 -4.610+03
8,25 -2.779-01
8,29 -1.872-01
9, 4 -5.420-03
9, 8 -3.236-04
9,12 -9.377-05
9,16 —-1.154-02
9,28 -7.6592+01
9,24 -2.855-21
9,28 -3.7951-02
9,32 -3.148+00
12, 7 3.161-04
12,11 -9, 442-04
12,15 -7.959-24
12,19 4.078-09
12,23 2.715-01
10,27 -2.575-01
12, 31 -3.184-01
11, 6 3.235-07
11,10 -1.824-04
11,14 -1,013-02
11,18 -2.713-12
11,22 7.703-07
11,256 -1.603-01
11,30 -2.762+00
12, 5 -1.695-01
12, 9 —-1,594-04
12,13 -3. 360-04
12,17 1.437-12
12,21 -2.341+03
12,25 -1.369-01
12,29 -9. 165-02
13, 4 6.065-03
13, 8 -1.326-04
13,12 -3.819-0S
13,16 —-1.104-22
13,20 8.607+01
13,24 -1.170-01
13,28 -1.527-02
13,32 -3.012+00
14, 7 —-1.546-04
14,11 -1.0213-02
14,15 8.478-08
14,19 -3.131-11
14,23 -1, 328-01
14,27 —-2.7€2+00
14,31 3.391-05
15, 6 -5.875-28
15,10 -1, 353-03
15,14 7.461-07
15,18 1.281-08
15,22 -1.399-27
15,26 —-1.194+00@
15,30 2.035-04

e, 18
a,ze
a8, 26
8, 30
9, S
9, 9
9,13
9,17
9, 21
9,25
9, 29
10, 4
10, 8
10,12
10, 16
10, 20
10, 24
10,28
10, 32
11, 7
11,11
11,15
11,19
11,23
11,27
11,31
12, 6
12,10
12, 14
12,18
12, 22
12, 26
12, 30
13, S
13, 9
13,13
13,17
13,21
13,25
13,29
14, 4
14, 8
14,12
14,16
14,20
14,24
14,28
14, 32
15, 7
15,11
15, 15
15,19
15,23
15,27
15, 31

(continued)

2.548-28
-1.248-06
-2. 139+20

2.583-01
-4.962-02
-9, 352-02
-1.154-22

€. 397-29
-6. 852+022
-8.03z2+01
-3. 148+002

S.212-03
-2. 424-23
-7.959-04
-6. 497-04

7.396+01
-2. 139+00
-3.184-01
-1.772-01
-1.546-04
-9.283-022

8. 478-028
-3.131-11
-1.328-01
-2.532+01

3.391-@S
-5.875-28
-1.353-23

7. 461-27

1.281-028
-1.399-27
-1.194+00

2. 03504
-3. 280-022
-2.230-23
-1.012-01

2. 030-11
-4, 530+02
-1.915+020@
-2.760+021
-2.636-01

1. 830-04

8.478-28

1.054-@5
-3.741+023

1.614-01

3. 391-25

2.873-03

1.599-04

7. 4F1-@7
-1.140-01

2.078-09

1.373-021

2. 035-04
-4,.561+01

DEG OREBIT ( &

8, 19
8, 23
8, 27
8, 31
9, 12
9, 14
9,18
9, 22
9, 26
9, 30
19, S
12, 9
10,13
10,17
10, 21
‘9,25
10, 29
11, 4
11, 8
11,12
11,16
11, 20
11,24
11,28
11, 32
12, 7
12, 11

12,19
12,23
12,27
12, 31
13, 6
13, 10
13, 14
13, 18
13,22
13, 26
13, 30
14, S
14, 9
14,13
14,17
14,21
14,25
14,29
15, 4
15, 8
15, 12
15, 16
15, 20
15, 24
15,28
15, 32

221

4,187-29
2.746-01
2.583-21
-3. 185-021
-1. 268-06
-3. 104-04
~7.753-04
3.001-29
-3.018-26
-2. 739-01
-2.114-21
-3. 404-21
-3. 104-24
-6. 497-04
-3.211~-1@
-4, 700+03
-2.666-01
-1.772-01
-2.636~01
1. 830-04
8. 478-28
1. 054-05
-3.741+23
1.614-01
3.391-25
2.873-03
1.599-24
7.461-27
-4, Q04-24
2. 078-29
1. 373-21
2. 035-04
-1.601-21
-8.147-07
-1.255-24
1.054-25
1.222-29
-1.9402-0¢
-1.127-21
2.873-23
-1.873-23
-1.498-04
1.254-2S
7.563-08
-2.587+01
-1.286-01
2. 873-23
4, 295-04
-1.354-23
-. 004-04
-3. 360-04
6. 295+020
-1.194+02
-1.601-21
-9. 165-022

af 3 )

11,
11,21
11,25
11,29
12, 4
1z, 8
12,12
12, 16
12, 20
12, 24
12,28
12, 32
13, 7
13,11
13,15
13,19
13,23
13,27
3,31
14, 6
14,10
14,14
14,18
14,22
14,26
14, 30
1S5, S
15, 9
15,13
15,17
15, 21
15,25
15, 29
16, 4

LA L 2 L b L 22

-4.372+021
-8. 265+021
-3.185-021
-1.872-01
2. 262-23
=7.753-04
-9. 377-25
3. 298-28
1. 943+020@
-2.114-01
~-3.791-22
2. 9a7-27
-9. 357-02
=9. 442-04
2.547-28
6. 922-07
-8. 265+21
-2.575-01
-1.873-23
—1.498-04
1. 254-25
7.563-08
-2.587+01
-1.286-01
2. 873-23
4.295-04
-1. 354-23
-1.140-01
-3. 360-24
6. @95+00
-1.194+002
-4.561+01
-9. 165-22
2.236-03
1. 254-25
-3.819-25
2.907-08
1.921+00
2.873-23
-1.5a7-0z
3. 235-a7
-1.824-04
-9. 283~
-2.713-1&2
7.703-27
-1.60595-021
-2.532+01
-1.695-01
-1.594-04
-3. 360-04
1.437-1¢2
-2. 341403
-1.369-01
-9. 165-02
6. ES5-23



#xxnnnn SYSTEM MATRICES FOR 28

Matrix F
16, S -3.280-22
16, 9 -2.230-23
16,13 -1.104-02
16,17 g2.230-11
16,21 -4,.530+022
16,25 -1.915+00@
16,29 ~-3.012+00
17, 1 1.000+00
21, S 1.002+20@
25, 9 1.000+02
€9,13 1.002+2Q
33,17 1.000+00Q
36,38 -7.z200+023
39,37 1.000+002
4, 42 -2.500+00
41,43 -2.400+00
45,43 1.000+020Q
** G IS 45X17
1, 1 7.416-@5
1,16 2.395-03
2y, 2 9.446-0¢
3, 1 2.010-028
3,16 9. 446-06
4, 3 1.716-06
&, 1 2.305-26
7, & 1.881-0S
8, 3 —-1.9@3-@5
ia, 1 S5.018-07
11, 2 1.696-08
12, 3 -9.446-06
14, 1 -1.260-024
15, 2 -8.0@7-25
16, 3 -1.321-24
36, 4 B8.400+01
42, 12 2.500+020
** C IS SX45
1, 1 -1.12€+@2S
1,18 -5.432-01
1,35 1.337+02
2,17 -5.432-01
2,34 —-4.717+25
3, 3 -1.102+0S
3,33 1.337+Q2
4,42 -2.000+01
S,45 -2.200+01
»+ B IS SX1&
i, 1 1.020+00Q
1, 7 3.582+05
2, 4 1.677-01
2, 8 3.367+05
3, 9 —-1.300+04
3, 9 3.570+05

16, 6
16, 1@
1€, 14
1€, 18
16, 22
16, 26
16, 30
18, &
2z, 6
26, 1@
30, 14
34,18
a7, 37
49,17
41,18
42, 40

17

=
-

WURNRWR=WR=WD =N

o
N~Nohuwuooe >

(cont inued)

-8.147-@7
-1.255-04
1.0254-23
1.222-29
-1.940-26
-1.127-01
2.873-23
1. 000+0202
1. 000+2@
1.000+20
1. 020+020
1. 200+00
-8. 300+021
-2. S00+020
-2. 400+002
1. 202+0202

2. 395-29
2.010-08
2. 395-29
9. 446-06
7.55@-2S
1.259-07
-6. 994-06
1.504-04
-1.0Q66-0S
-1.592-04
1. 423-27
-3. 383-08
1.696-08
=9. 446-06
-1.000+020Q
8. 400+01
2. S0v+02e

-1.677-01
9. 543+01
-1.677-01
-3. 367+05
S.901+04
2. 543+01
S.901+024
-2. 000+01

1.106+@5
S. 432-01
1.039+@S
~4.212+04
1.102+05
-1.020+20

DEG OREBIT ( 3

I8, 7
16,11
16,15
16,19
16, 23
16, 27
16, 31
19, 3
23, 7
27, 11
31,15
35,19
37,39
40, 36
41,37
43, 41

W

>

-
PR WR=WR= WO~ W

2,19

3,18
3,35
5. 18

OPNWOOOUWO

2.236-03
1.054-25
-3.819-25
Z.907-08
1.921+20
2.873-03
-1,527-02
1. 000+22
1. QQR+Q20
1. 200+020
1. 2QQ+20
1.00Q+2@
-7.200+23
2. S500+002
2. 400+20
1. 200+022

2.012-28
2. 395-09
8.007-25
7.3550-0S
=7.451-25
-8.073-0S5
=5.337-0@5
-S5.113-07
-1.875-05
-1.8353-0S
-2. 395-09
-7.637-06
1. 423027
-3. 383-08
-1. 000+020@
-1.000+0202

2. 946+01
-5.018+05
-1.239+0S5

4, 212+04

2. 946+01

4,212+04
-5. Q22+025

1.122+20

1.677-01
-9.543+01
-1.300+24

1.020+020
-9.543+021
-1.122+00

af 3 )

1517
1, 34
2, 3
2,33
3, 2
3,19
4,17
S, 43

o
® PN

L R B L

-1. 32€6-04
-3.819-05
-1.21&-21
8.607+01
-1.172-21
-1.527-02
-2. 760+021
1. 202+
1. QQ2+2@
1. 220+
1. 222+
-8. 400+21
1. 002+202
-2. 120+22
-2. 100+22
1. 000+Q@

7.416-2S
8.007-05
9. 446-26
2.210-238
2.045-27
-1.116-05
-1.058-25
-1.532-04
-1.499-24
=1.260-24
-8.007-2S5
-1.321-04
-2. 395-09
-7.637-026
-1.000+20
-1.000+202

=-3. 58&+@S5
-7.612-01
1. 300+24
-7.611-01
1. 300+24
=3. 570+25
1. 0z02+020
-2. 200+01

-2. 946+01
1. 0c20+020Q
S. 432-01

-2. 946+01

=4, 212+04



W VEHICLE DYNAMICS MATRICES FOR 98 DEG OREIT 22T T 2T
*% Fv IS 2oXz2@
1, 4 1.205-21 1, S -2.943-24 1, € -1.208-28 1, 7 8.703-05
1, 8 -1.673-08 1, 9 8.771-05 1,10 1.562-07 1,11 -4.014-028
1,128 =6.446-12 1,13 -4.317-11 1,14 1.446+@3 1,15 -3.679+0Q
1,16 =3.115-08 1,17 7.474-02 1,18 =-1.47€6-05 1,19 7.429-0&
1,20 1.360-24 2, 4 -5.451-05 2, S 1.339-01 2, 6 1.014-027
2y 7 -2.702-04 2, 8 1.423-23 2, 9 2.689-04 2,12 1.4ce-03
&,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+00Q
&,19 &.278-01 2,20 1.238+22 3, 4 -2.655-@04 3, 5 3.6&21-02
3, 6 4.908-07 3, 7 -1.312-03 3, 8 2.728-24 3, 9 1.305-03
3,10 E.663-04 3,11 -1.177-11 3,12 -2.492-08 3,13 -1.663-27
3,14 -3.186+0Q0 3,15 4.527+02 3,16 1.16%9-06 3,17 =-1.127+02
3,18 2.407-201 3,19 1.126+2Q0 3,20 &.318-21 4, 4 -1,E269+0Q
4, 5 -2.212-03 4, 6 -9.834-08 4, 7 -B.48B2-05 4, B -1.258-07
4, 9 =7.972-05 4,0 1.174-06 4,11 4.016-28 4,12 -4.846-11
4,13 =3.245-12 4,14 -1.523+Q@4 4,15 -2.766+01 4,1€ -2.341-07
4,17 -7.285-02 4,18 -1.110-@4 4,19 -6.752-@2 4,80 1.Q22-03
Sy 4 -2.489-03 S, S -1.199+0@ S, € -4.087-06 S, 7 3.616-04
Sy, 8 -1.418-23 S, 9 -4.220-24 5,10 -1.479-23 5,11 -1.104-102
S,12 1.33%-07 S,13 4.979-08 S,14 -2.987+01 5,15 -1.498+04
9,16 -9.731-06 5,17 3.106-21 5,18 -1.251+20 5,19 -3.574-01
5,20 -1.288+00 6, 4 -2.1@7-22 6, S -7.785-01 6, € -3.302-05
€, 7 7.560-04 6, B8 -4.272-04 6, 9 -1.267-03 6,10 9.328-26
6,11 -3.344-10 6,12 1.931-28 6,13 1.286-27 6,14 -2,529+02
6,15 -9.731+03 6,16 -7.862-05 6,17 6E.492-01 6,18 -3.769-01
6,19 -1.073+02 6,20 B.121-03 7, 4 -1.796-02 7, S 6.807-02
7, 6 7.471-07 7, 7 -1.029-01 7, 8 S.552-@04 7, 9 2.357-23
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 B8.5S08+22 7,16 1.779-26 7,17 -8.835+021
7,18 4.899-21 7,19 1.997+2Q@ 7,20 4.748-01 8, 4 -2.663-05
8, 5 -2.670-01 B, 6 -4.222-07 8, 7 S.552-04 8, 8 -1.031-01
8, 9 -5.558-04 8,10 -2.603-03 8,11 -1.181-12 8,12 2.679-27
8,13 7.060-08 8,14 -3.196-21 8,15 -3.337+23 8,16 -1.005-06
8,17 4.768-01 8,18 -9.095+21 8,19 -4.708-21 8,20 -2.266+0Q
9, 4 -1.688-02 9, S5 -7.943-22 9, 6 -1.252-06 9, 7 2.357-@3
9, 8 -5.558-04 9, 9 -1.028-01 9,10 -5.393-04 9,11 6.191-09
9,12 S.061-28 9,13 3.378-27 9,14 -2.0z6+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
9,2Q —4.695-01 10, 4 2.487-04 10, S -2.784-01 10, &€ 9.219-29
18, 7 S.453-24 10, 8 -2.603-03 10, 9 -5.393-04 10,12 -1.031-01
12,11 1.103-11 1Q,12 2.677-07 12,13 6.893-28 10,14 2.984420
10,15 —3.480+03 10,16 2.195-288 10,17 4.683-01 10,18 -2.297+00
12,19 -4.568-01 12,20 -8.973+01 11, 1 1.000+2Q 12, 2 1.000+0QQ
13, 3 1.000+002 14, 4 1.000+QQ 15, S 1.000+Q@ 1t, 6 1.000+0Q0Q
17, 7 1.000+02 18, 8 1.000+20 13, 9 1.000+Q2Q 20,10 1.Q200+QQ
**% Gv IS 20X 3
1 6. 690-05 4. 029-09 1.9€2-028
2 4, 029-09 8.219-05 1.557-05
3 1. 962-28 1.557-05 7.559-05
4 -6. 69305 3.029-28 1.475-07
-~ 1. 840-27 -8.369-05 -2.263-05
() 1.557-06 -1.207-05 -5.843-05
7 -1.024-05 3.179-@5 1.543-04
8 1.968-29 ~1.675-04 -3.209-05
9 -1.032-05 -3.163-05 ~-1.536-04
1@ -1.838-08 -1.673-04 -3.133-05
223



*nnnnnn SYSTEM

*n F
1, 4
1, 8
1,12
1,16
1,22
2y 7
2,11
2,15
,19
3, €&
3,10
3,14
3,18
4, S
4, 9
4,13
4,17
S, 4
o, 8
9y 12
S,16
S, 20
6, 7
6,11
6,15
6,19
7, 6
7,10
7,14
7,18
8, S
8, 9
8,13
8,17
9, 4
9, 8
9,12
9, 16
9,20
10, 7
12, 11
10, 15
12, 19
13, 3
17, 7

21, 11

24, 26

27,28

8, 32

29, 31

32, 31

IS 33X33
1.205-01
-1.673-08
-6. 446-12
-3.115-08
1.360-024
-2.702-04
-2.417-12
1.674+03
2.278-01
4, 328-07
2. 663-04
-3. 186+00
2. 407-01
-2.212-03
-7.972-@S
-3.245-10
-7.285-0z
-2.489-03
=-1.418-23
1.339-07
-9.731-06
-1.288+00
7.560-24
-3.344-10
-9.731+03
-1.073+00@
7.471-@7
S.453-04
-2.155+02
4.899-01
-2.670-01
-5.558-04
7. 060-028
4.768-01
-1.€688-02
2. 958-04
Z.061-028
-2.981-06
-4.695-01
S. 453-04
1.103-11
-3. 480+03
-4.568-01
1. 000+020@
1. 000+020@
1.000+002
-7.200+03
1.000+00
-2. S00+02
~-2. 400+002
1. 200+0Q0Q

MATRICES FOR THE 98 DEG OREIT

1, S
1, 9
1,13
1,17
2, 4
2, 8
2,12
2,16
2,20
3, 7
3, 11
3,15
3,19
4, €
1@
14
18
s, S
s, 9
13

-2.943-04
8.771-05
-4.317-11
7.474-02
-5.451-25
1.423-03
-1.315-@7
2.414-07
1.238+20
-1.312-23
-1.177-11
4, 527+02
1.106+20
-9.834-08
1.174-26
-1.523+04
-1.112 24
-1.199+02
-4, 22¢ -04
4.979-08
3. 106-01
-2.107-02
-4, 272-04
1.931-28
-7. 862-05
8.121-03
-1.029-021
€. 143-09
8. 508+
1.997+00
-4, 222-07
-2.6Q03-03
-3. 196-01
-9. 095+01
-7.943-02
-1.028-01
3. 378-07
2. 024+00
P. 487-04
-2.603-23
2.677-27
2. 195-08
-8.973+01
1. 200+020
1. 200+020
1. 200+00
-8. 300+01
-2.500+00
-2. 400+00
1. 000+00

1,10
1,14
1,18
2, 5
2y 9
2,13
2,17
3, &
3, 8
3,12
3,16
3,20
4, 7
4,11
4,18
4,19
S, 6
35,10
S, 14
5,18
€, S
6, 9
6,13
6,17
7, 4
7, 8
7,12
7,1¢&
7,20
8, 7
8,11
8,15
8,19
9, 6
9,10
9,14
9,18
10, S
10, 9
10,13
10,17
11, 1
185, S
19, 9
23,13
25,27
28, 24
29,25
31,29

224

-1.308-28
1. S5€2-07
1. 446+23

-1.476-2S
i.339-01
2. 689-04

-3. 426-08

-2. 321-01

-2.655-04
2.728-04

-2. 492-08
1. 169-06
2.318-021

-8. 482-0S
4.016-08

-2.766+01

-6. 7S2-02

-4.087-06

-1.479-23

-2.987+01

-1.251+00

-7.785-01

-1.267-03
1.286-07
6. 492-01

-1 796-02
S.552-04

-5.086-08
1.779-06
4,748-01
5. 552-04

-1.181-12

-3.337+03

-4,708-01

-1.252-06

-5. 393-04

-2.026+02

-4.904-01

-2.784-01

-5.393-04
6.893-28
4.683-01
1. 000+202
1.000+00
1. 000+00
1.000+00

-7.200+03
z.500+00
2. 400+20
1. 200+00

(1 OF

"1, 7

1,11
1,15
1,19
2, 6
2,10
2, 14
2,18
3, S
3, 9
3,13
3,17

4, 8
4,12

9,11
9,15
9,19
19, 6
10,10
10, 14
10, 18
12, 2
1€, 6
20,10
24,24
26, 24
28, 28
29, 29
32, 30

S) MR R

8.703-05
-4, 014-08
-3.679+00

7. 429-02

1.214-027

1.422-03
-6.542-021

1. 256+2¢2

3.621-02

1. 305-03
-1.663-07
-1.127+002
-1.269+00
-1.258-07
-4.846-11
-2.341-07

1.022-23

3.616-04
-1.104~-102
-1.498+04
-3.574-21
-3. 302-05

9. 328-026
-2.529+02
-3.76%2-21

6.807-022

2.357-23
-3. 395-07
-8.835+021
-2.663-05
-1.0231-021

2. 579-¢7
-1.005-26
-2. 266+00

2.357-23

6.191-29
-9. 929+02
-8.711+01

9.219-29
-1.031-01

2.984+00
-2.297+020

1. 20Q+Q2

1. 20Q+0Q

1. 202+0Q@
-8. 420+01

1. 200+Q0Q
-2. 120+00
-2. 100+202

1. 200+002



®xxxxxux SYSTEM MATRICES FOR 98 DEG ORBIT

S W= W =M -

IS 33X17
6. €92-05
4, Q29-09
1.557-0S
1. 962-08
1.557-25
1. 475-07
1. 557-06
3.179-23

-3.209-05

-1.838-28

-1.202+20

-1. 000+22

IS ©SX33
=1.226+05
-6. 669-02
1. 444+02
-6. 669-02
-4.711+25
=1.129+@5
1. 444+22
-2. 000+21
-2. 200+01

IS SX1i2
1.2020+00
3. 970+@S
2. a59-22
3. 363+@5

-2. 139+24
3. 656+@S

1, 2
1,17
2,15
3, 2
3,17
s, 1
6, 2
7, 3
9, 1
10, 2
23,14
27, S

1, 2
1,13
2, 1
2,1
2,23
3:11
3,22
4,32

NOw o »

4.029-29 1, 3
1.962-28 2, 1
4,.229-09 2,16
1.557-25 3, 3
7.559-05 4, 1
1.840-07 S, 2
-1.207-05 6, 3
1.543-04 8, 1
-1.032-05 9, 2
-1.673-04 10, 3
-1.000+0@ 24, 4
-1.000+0@ =8, 12
-2.059-02 1, 3
1.031+02 1,21
-2.059-02 2, 2
-3.363+05 2,13
9.705+04 3, 1
1.231+02 3,12
9.705+24 3,23
-2.000+01 5,12
1.226+05 1, S
6.669-22 1, 9
1.038+05 2, €
-6.927+04 3, 3
1.129+@5 3, 7
-1.020+02 S, O

225

(2 OF

1. 962-28
4.023-09
8.219-25
7.559-05
-6.693-05
-8. 369-05
-5.843-25
1.968-29
-3.163-25
=-3.133-0@5
8. 400+21

2. S00+00

3. 182+01
-5. 562+0S
-1.@38+025

6.927+04

3. 182+01

6. 927+04
-S. 122+25

1.122+00

2. 059-02
=-l.@31+02
-2. 139+024

1.020+00
-l1.031+2c
-1.122+00

2) NN
1,15 6.690-25
2, 2 8.219-05
2,17 1.557-05
3,15 1.962-08
4, 2 3.029-08
s, 3 -2.263-05
7, 1 —1.024-0S
8, 2 -1.675-04
9, 3 -1.536-04
21,12 -1.000+00
25, S5 B.400+01
29,13 2.500+00
1,11 -3.970+25
1,22 -9.344-02
2, 3 2.139+04
2,21 -9.343-22
3, 2 2.139+04
3,13 -3.656+05
4,11 1.020+20
S,31 -2.200+21
1, 6 -3.182+@21
2, 2 1.020+20
2, 7 6.6589-22
3, 4 -3.182+01
3, 8 -6.927+04
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