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SUMMARY 

The aim of this report is to explain how to develop standard 

structural dynamics models for flexible satellites in a form suitable 

for computer simulation. The 'standard form' is first discussed, with 

an emphasis on how to distinguish 'rigid' degrees of freedom from 

'elastic' ones. Modal coordinates are then introduced, being the most 

useful coordinate system in which to perform calculations. Input and 

output matrices are also formulated. The resulting equations are ex-

pressed both in state-space form and using transfer functions. Finally, 

several further simplifications are made in the special case of MSAT. 

Four appendices contain the best data available at this 

time (MARK 1 model). System matrices and transfer function matrices 

are given for the design model (4 elastic modes) and the evaluation 

model (11 elastic modes). 

(iii) 
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Ég_ fn = ( 1 . 1 ) 

1. 	OBJECTIVES OF REPORT 

The principal objective of this report is to construct the 

relationship between the structural dynamics model of MSAT, in the form 

and the forms of the model most useful for computer simulation. Thus, 

this report begins (Section 2) by first explaining the form (1.1) in de-

tail. The transformation to modal coordinates is then made in Section 3; 

this provides an opportunity for model order reduction, and is the best 

form for the structural dynamics kernel of the simulation. A structural 

dynamics model useful for control-design simulations must also have input 

and output modules. These inputs and outputs are the subject of Sections 

4 and 5. The state-space from of the model is explained in Section 6, for 

those who wish to use this formulation, and Section 7 presents a derivation 

of input-output transfer functions. Certain additional specializations for 

MSAT are the subject of Section 8. 

2. 	SPACECRAFT STRUCTURAL MODEL 

Our point of departure is the structural model expressed in 

the form 

where 

MT = m  

DT  = D > 0 

GT  = -G 

KT  = K > 0 

(2.1) 

(2.2) 

are, respectively, the mass matrix, damping matrix, gyricity matrix and 

stiffness matrix. Note that, for flexible space vehicles, unlike models 

of land-based structures, D and K are only semidefinite. 
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(2.3) 
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An important issue is the nature of the coordinates, g(t). 

It can be shown (although we shall not do so) that if K is semidefinite 

(as here) a set of coordinates can always be found such that K has the 

special form 

1 
1 

•

1 

1 
HI 

1 

with 

(2.4) 

In other words, the first coordinates in g are associated with the so-

called 'rigid-body' degrees of freedom, and the remainder of the entries 

in g.  are associated with 'elastic' degrees of freedom. 

To be specific, let a be N x 1, comprising Nr  rigid-body co-

ordinates and Ne  elastic coordinates: 

N = Nr + Ne 

Thus 

(2.6) 

where gr  is Nr  x 1 and ge  is Ne  x 1. This partitioning agrees with (2.3); 

thus K is Ne x Ne' For MSAT it appears that N r = 6, although if 
hinges 

or other types of articulation are employed, Nr  > 6. For now we retain 

N r arbitrary. 

Next, we partition M , D, G and 	to match K and g: 

2 

(2.5) 



o  
••nn•n 

(2.7) 

2r 	G —ee 

IGT  
—ee 	ge 

G i.  

ej  

I I D
T = D -e -e 

(2. 8) 

-mre -I 	ro -r 
; 	= 

-e Te M -  

Note that damping has been associated only with structural flexibility, 

not with the rigid-body degrees of freedom. It follows from (2.2) that 

G
T = -G 	• 	GT  = -G -r 	-T 5 	-e 	-e. 

and since the structural damping will physically be complete, we must have 

(2.9) D > 0 -e 

as an additional condition on D . -e 

Before closing this section, the structural equations of 

motion, as represented thus far, are summarized for convenience: 

Mear 14.reeMrree 

T 	T - 
c 	c -re r 

(2.10) 

More will be said presently about the nature of the coordinates g_r  and ge , 

and about their associated coefficient matrices. 



j) 

j) 

e.Me. = 0 
-J 

.q1 Ë.f ' 0  

(3.2) 

3. 	MODAL COORDINATES 

It is well known that there are many benefits to be derived 

from expressing the solution to the motion equàtions (2.1) in terms of 

'characteristic motions' or leigenmotions.' For the applications in mind 

here, the damping is small (structural damping only) and the gyric effects 

are also small (reaction wheels only). Therefore we adapt as our charac-

teristic motions the undamped, nongyric modes of the system, that is, the 

eigensolutions to 

(3. 1) 

In general, let the eigenvectors be e 4  and the associated 
2 	--I 

eigenvalues (frequencies squared) be w.. Then 

for i,j = 1,...,N. For our normalization condition, the 'natural' Condition 

is chozen, viz., 

= 1,...,N ) 	 (3.3) 

It follows that 

' 1  

2 
e.Ke. = 	. = 1,...,N) 	(3.4) 

2 
where. = 0 for i = 1,.••,N

r• 
A succinct summary of this orthonormality wi  

information can be given in terms of the eigenmatrix E, 

A 
Ull 	4] ,  

and the matrix of natural frequencies, 

A 
0 - 

Using E and 2, (3.2) - (3.4) are written 

(3.5) 

(3. 6) 
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= diag{w i ,...,wN  1 
—e 

(3.9) 

1nn•• 

n•nn••n• n•nn•.11. 

0 	0 
2 

(3.11) 
2 P_ 	_e  

(3. 7) 

(3.8) 

How are these relationships specialized when the special 

rigid-elastic partitioning used in the last section is employed? To 

answer this question, recall that M and K are partitioned according to 

(2.3) and (2.7). We further assume (as is usual) that the first N r 
natural 

frequencies are O's, and the next (nonzero) N e  natural frequencies are listed 

in ascending magnitude. As a change in notation, it will also prove conve-

nient to let w
1 
denote the first nonzero (elastic) natural frequency. Then 

with 

we  let 

•nnn• 

--r 	—re 

P_ 	ej  

and 

(3.10) 

nn•••••n 

However since the first N
r 

columns of E are supposed to be rigid modes, 

the elastic coordinates are not involved in these modes. Therefore we 

have set 

(3.12) E = 0 
—er — 

(These are also other ways to infer that Eer  

One can in fact study the partitioned forms of the orthonormality 

conditions (3.7) - (3.8) to learn that 

5 



-r 

(3.19) 

(3.20) 

(3.21) 

E
T
M E = 1 

ME +ME= 0 

-e-e-e -re-r-re - 

E
T
K E 	R

2 
-e-e-e -e 

(3.13) 

(3.14) 

(3.15) 

(3.16) 

However this is not of primary importance to the present discussion. 

What is important is that the coordinate transformation 

n =  col{,} 	(3.17) 

applied to the full structural model (2.1) produces the following system 

model, in modal coordinates: 

. 	" 	• n +Gn +Gn 
-r -r-r 	--re-e  

(3.18) 
-T • 	• 	- • 

+Gn  +Dn +
2
n = y 

-e -fe-e 	oc 	c -e 

where 

A T 
D -EDE 
-e -e-e-e 

G 	ETG_E_ 
-r 

	

G 4  ET (G E 	+G E)  
--re -e -e-re -ee-e 

^ A T 
G =E GE  +E 

T
G E  

-e -ee-r-ee 	c c c 

(eferege ) (efer E )T  
(3.22) 

However, as with (3.13-3.16), these latter four equations need not directly 

concern the person doing a simulation, provided he or she is given the trans-

formed quantities as input data. 

6 



Nw  

G .  Q. 	i=1-1 si 
(4.1) 

Nw, 
G = si 

(4. 2) 

To complete the definition of new symbols in (3.18), we have 

A T 
Y = E 
-f 

(3.23) 
A T 

le - -4e4 eelle 

Further comments will be now made on the source of the forces f
r 

and f 
—e 

(andhence on yr  and ye ). 

4. 	CLASSIFICATION OF FORCE INPUTS 

For the purposes of this report, the inputs that affect the 

dynamics will be classified into three catagories: 

• gyric disturbances 

• control inputs 

• other disturbances 

To comment on the first category, these disturbances are 

simply the gyric terms in (3.18). They are small; they couple otherwise 

uncoupled equations; and so they are best thought of as 'disturbances,' 

and accordingly placed on the right side of the motion equations. For MSAT, 

the gyricity is traceable to the reaction wheels. To avoid recalculating 

the whole matrix G every time one of these wheels changes its spin rate, 

we set 

where h
Si 

is the stored angular momentum in Wheel i, and Nw 
is the number 

of wheels. To the extent that the h
Si 

are weak functions of time, G is also 

a weak function of time: for this reason also, perhaps,it is best to look on 

the gyric terms as disturbances. Of course, after transformation to modal 

coordinates, we have 

7 



8 — 

(4. 5) 

" A T 
where G. - E G.E, a relation that can be partitioned into rigid and elastic 

— 
parts if desired. 

As for control inputs, one would generally have 

L( t) = su(t ) (4.3) 

where u(t) are the control variables. Following the partitioning of (2.3), 

(2.6) and (2.7), 8 can be shown to be of the form 

8 	s 
—r 	—re 

(4. 4) 
0 	8 

This form presupposes that u(t) has been partitioned 

—u r 
U 

L u  —e 
and, more subtlely, that ur  represents control forces (or torques) on the 

main bus while u represents control forces (or torques) on the elastic 
--e 

appendages (solar arrays or antennas). Although both ur  and me  can excite 

the rigid degrees of freedom, only inputs on the appendages directly cause 

elastic displacements. (Elastic displacements can, of course, be caused 

indirectly by u r  via dynamic coupling with the rigid coordinates.) 

Now, for MSAT, no actuators are planned for the flexible 

appendages. Therefore me  E 0, and one can dispense with 8re  and . . How-

ever, for the moment, we can retain the 'third-generation satellite' flavor 

with only a modest additional effort. 

One must also be able to calculate the control distribution 

matrix, 8, for a modal coordinate representation — i.e., to calculate  B.  From 

" 	T 
= E 8 	 (4.6) 

and (3.10) and (4.4), we have 

8 



8 = 

L' -er 	-e 
(4. 7) 

.i(t) = 8u(t) + d*(t) 

d*(t) = 	d(t) 

(4.12) 

(4.13) 

• 1(t) = iiu(t) + â*(t) 

â*(t) = 	+ â(t) 

(4.14) 

(4.15) 

1-.14 	-re 13 

where 

T 
-e -r-r 

T 
8 - E 8 
-re -e-ee 

T 
--er --re-r 

à T 
-e 	-re-re --e-e 

As with several of the previous, similar relationships, (4.8) - (4.11) 

need not directly concern the simulator if given the 8 elements directly. 

Finally, to turn to the 'all other disturbances' category, 

we let 

(4.8) 

(4.9) 

(4.10) 

(4.11) 

Thus d* represents all non-control inputs and d(t) denotes all disturbances 

other than gyric effects. (If gyric effects are deemed unimportant, the 

distinction between d* and d can be dropped.) Typically, d(t) for MSAT will 

be due to solar pressure, gravity-gradient torques, and other, lesser environ-

mental interactions. It is not the purpose of this report to develop expres-

sions for d(t). In modal coordinates, (4.12) and (4.13) become 

where 

â(t) = ETd(t) 	 (4.16) 

9 



12.q. ; 	z = (5. 1)  

P 4  PE 

CE 

(5. 3) 

(5.4) 

It is expected that the environmental inputs will be quasisteady for MSAT. 

5. 	OUTPUT VARIABLES 

Two types of outputs may be distinguished: 

• 	output variables whose values are of special interest; 
output variables that are to be measured using sensing devices. 

These two categories are not, of course, mutually exclusive. Moreover, it 

is also clear that any variables in the first category, unless measured (i.e., 

unless in the second category), must be calculated based on some type of simu-

lation. 

Let the variables of special interest be denoted y(t) and let 
the measurements be z(t). Furthermore, it is assumed that there is a linear 

relationship between both y.(t) and z(t) and the system coordinates, g(t): 

After transformation to modal coordinates these straightforward algebraic 

definitions become 

(5 .2) Pn  

where 

Rate measurements are not included in this formulation although it is 

relatively simple to do so. As a second remark, it is observed that both 

measurements and quantities of interest are fundamentally physical quantities 

not modal quantities. (The device that can directly measure a modal coor-

dinate has yet to be invented!) 

Of great importance in the theory of flexible spacecraft con-

trol is the idea of sensor-actuator duality. Mathematically, the condition 

for duality is simple: 

10 



—z r 
z=  (5.7) = 

--e Le i  

p = BT 

= BT 

(for outputs of interest) 	(5.5) 

(for measurements) 	(5.6) 

In flexible spacecraft control theory (which we do not go into here) the 

second of these is by far the most important, since only actual measure-

ments can be fed back as control inputs. In order to satisfy (5.6) it is 

. necessary (and sufficient) that two conditions be satisfied: 

• a sensor-actuator pair must be co-/ocated, i.e., located at the 

same physical point on the spacecraft (an approximation, obviously) 

• the sensor-actuator pair must be functionally  dual,  which is to say 

that they must be members of the following table: 

FUNCTIONALLY DUAL SENSOR-ACTUATOR PAIRS 

, 

	

Sensor 	 Actuator 

	

Measures 	 Causes 

Absolute Translational Displacement 	External force 

Absolute Rotational Displacement 	External torque 

Relative Translational 	Displacement 	Internal force 

Relative Rotational 	Displacement 	Internal torque 

Very often, persons who speak of 'co-located sensors and actuators' really 

mean 'dual sensors and actuators;' they thus emphasize co-location while not 

mentioning (or being ignorant of) the requirement of functional duality. 

To ascertain the partitioned forms for (5.1) - (5.4), using 

rigid and elastic coordinates, one must set 

where z are measurements made on the bus and z e  are measurements made on --r 	 — 
the elastic appendages (and similarly for yr  and ye ). It can be argued that 

1 1 



C = 8 
-r -r 

C 	8
T 

-er = -ee 

C = 8
T 

7-e 	-e 

(5.9) 

(5.10) 

(5.11) 

n••n•n•• 

rœC"r 	-Cre 
C = (5.12) 

L C  --er -e 
That is, only rigid coordinates can be (directly) sensed on the main bus, 

while both rigid and elastic coordinates are involved when taking measure-

ments on the appendages. Actually, for MSAT, it is not at present contem-

plated that measurements be made on any appendages. Thus ger  and C e  can - 
be dropped for the present MSAT control configuration. If all sensors and 

actuators are in dual pairs, then the duality condition (5.6) becomes 

c=  (5.8) 

Using modal coordinates, the appropriate output matrices are 

as given by (5.2). With partitions as given by (3.10) and (5.8), one con-

cludes that 

L' -er-e 'd 

where 

(5.13) 

(5.14) 

(5.15) 

(5.16) 

C = C E -r 	-r--r 

C 	= C E -er -er-r 

C = C E -ee 

C=C E +CE 
-e 	-er-re -e-e 

Once again, the relations (5.13) - (6.16) are not of direct interest to the 

simulator if the left sides are given as data. As to duality, it is easy 

to show that if (5.9) - (5.11) are satisfied, then 

12 



= Pn 

z = Cn 

(6.2) 

(6.3) 

-T 	- 
C = 8 
—r —r 

-T 
C 	8 
—er = --re 

C = 8 
—re —er 

C = 8 
—e 	—e 

(5.17) 

-T 	- 
which is, of course, just the partitioned from of C = 8. 

6. 	STATE-SPACE FORM 

Thus far, the motion equations have been written in second-

order form. To integrate these equations or to apply many theories for 

automatic control it is often desirable to express them in first-order 

form. 

If one does not distinguish between 'rigid' and 'elastic' 

coordinates, the system 

(6.1)  

can be written in first-order from by defining the state variables 

X = (6.4) 
• 

whereupon 

X = Ax + Bu + d* _ _ 

= Px 

z = Cx 

(6.5) 

(6.6) 

(6.7) 

where 

13 



d* A B (6.8) A à 

0 

â* -1) -n2 
•n••n• nn•nnn• 

Z E 
-e - 

U E 0 
-e — 

(7 .2) 

(7. 1) 

af3 =0  (et 	e) 
(7.3) 

d = 2 w 
aa 	ŒŒ 

P 4 	o] ; c 	Ce 	o] 	(6.9) 

The matrices n, D, 8, d*, P, and C have already been partitioned into 

their 'rigid' and 'elastic' parts and so A, B, P, C and d* can be further 

subdivided in this manner also. 

7. 	TRANSFER FUNCTIONS 

For the remainder of this report, we delete all sensors and 

actuators not on the main bus: 

However, we continue to allow ye 	0; these may well be outputs of interest 

on the appendages (e.g., an array tip deflection). We also will assume a 

diagonally dominant damping matrix: 

Lastly, we neglect any direct disturbances to the elastic modes. 

d E 0 
-e — 

(7 .4) 

The elastic modes are therefore excited only by the controller. This assump-

tion is related to the fact that the external disturbances are quasi-steady 

and do not really disturb the elastic modes. Under these assumptions, the 

system equations are 

14 



â -er ; -e • 
A 	. (7.6) 

= 	a* -r -e-r -r 

• - T n
a 

+ 2 w n + w
2
n = b u 

Ne 

= Erar 	Eana 
a=1 

Ne 
Ye =Pn+ 	P n -er-r 	-ea a 

a=1 

N
e 

z =Cn -1-î en -r 	-a a 
a=1 

( = , 	, e  ) 

(7.5) 

where 

r-n1 	
rî-r 

-1 

r1N 
Le  

A  

{ -2.1 	• • 2I\1
e 	

l'-re 

A  

[ Eel —2eN
e
]  

. 	A  . 

••• e
]  

We are interested in transfer functions between the input, yr , and the 

outputs yr , ye , z r . 

Using standard Laplace transform notation, the transform 

equivalent of (6.5) is 

(7.7) 

(7.8) 

(7.9) 

.r (s) = G(s) r (s) 	%(s)e(s) 	(7.10) 

where the transfer-function matrices (or 'transfer matrices' for short) 

G(s) and G (s) are 
-d 

15 



	

Ne 	s2K 
G(s)à 1  17è 

2 	
+ î 

s  	a=1 s 2 +ft w s+w
2 

a=12 ctwet s + w c̀'t  
(7.11) 

1 - 
G (s) = 	C • 	s2 =r 

and the 'modal gains' matrices K are 

A - - T K - c b 
—Ce  

(7.12) 

(7.13) 

If Nz and N u are the number 
of sensors and actuators, respectively, then the 

K are Nz x N
u 
matrices. -« 

As for yr  and ye , similar transfer functions can be derived 

in the above fashion if desired. Instead, we observe that they can be 

picked off from the simulation once n r  and na  are known, as indicated in 

(7.5c,d). 

Before closing this section, alternative expressions are 
- 

given for the 'rigid' transfer function s -2   C 8 and the modal gains K . 
-r-r 	-« 

From (5.13) and (4.8), 

-2 -  - s C 8 = s72C E ET8 -r-r 	-r--r--r--r  

However, from (3.13), 

E E
T 
 = M

-1 
-r-r -r 

so that the 'rigid' transfer function is 

s 
-2

C M
-1

8 -r-e -r 

(7.14) 

(7.15) 

(7.16) 

Similarly, turning to the modal gains, if one combines (7.6) with (4.10) 

to get 

b
T = eT  8 

-a -ra-r 

and (7.7) with (5.15) to get 

(7.17) 

16 



Z 	Z = 6 (8.2) 

(7.18) c = C e  
—a —r—ra 

where 

à - E U1r1 e -1  	—re 

then the alternate expression for K is 

K = C e eT 8 
—a —r—ra—ra—r 

(7.19) 

(7.20) 

Note that e 	represents the participation of the 'rigid' coordinates in —ra 
elastic mode a. 

8. 	CURRENT CASE FOR MSAT 

In this section, the previous results will be specialized 

even further to MSAT by assuming the following: 

• The control variables are 

—c 

Lci 
— —r (6 x 1) 	 (8.1) 

where .fc  and .gc  are respectively the total control force and torque on the 

vehicle, all impressed on the main bus. 

• The measurements are 

where e represents three small attitude librations for the main bus (roll, 

pitch, yaw). 

• The other outputs of interest, in addition to e, are yet to be specified. 

• Disturbance inputs will be suppressed for the remainder of this section 

but can be dealt with in exactly the same manner as control inputs. 

Under these assumptions, a number of simplifications, and special-

izations can be made to the results of previous sections. Thus, 

17 



( 8 . 3) 

r_weOE -r 
L-tod 

where w is the absolute translational displacement of some reference 

point 0 on the bus. (Note: the torque 2 must be calculated about this 

same point.) The corresponding special form for Mr  is 

m1 	-cx1 

where m is the total mass, and c and J the first and second moment-of-

inertia matrices of the entire vehicle about 0. 

--r 
(8.4) 

Based on (6.1), 1.3
r 

is just the 6 x 6 unit matrix, and based 

on (8.2),  Cr  is just the following 3 x 6 matrix: 

(8.5) C = [0 	1 I 
—r 	— • 

Then, from (7.13), 

"T 	T 	T 
b = [e 	e 

—0a 

and from (7.18), 

e. = e, 

(8.6) 

(8.7) 

where we have set out the w and 0 parts of era : 

A .tra 	
(8.8) 

These eigenvector pieces will give the parts of the modes that enter the 

measurements. 

At this point, a literal inverse for Mr  is introduced. 

18 



M-1 = —r 
n•nnn 

where 

(8.9) 

A 
—c 

A I - J mrXrX — — —c—c 

(8.10) 

(8.11) 

with 

A K, = 
—la 	a—w a 

K A= e, eT —va—ea 

(a =  1,.. 	Ne) 	(8.14) 

Given (8.4) for Me , the inverse can be shown to be 

rx I -1  m-1 1 - rx I
-1rx — —c— —c 	—c- 

-I -1rx  —c 
I -1  _1 

The physical interpretation is that .r.c  is the location of the spacecraft 

mass center relative to 0, and I is the moment-of-inertia matrix of the 

spacecraft about its mass center. This means that the rigid transfer 

function given in (7.16) can be written 

	

s-2C M -18 = s -2
[-I r-1x 	

I
-1 ] —r-e -f 	-C 

(8.12) 

Similarly, the modal gains 1% are 

K = Llçfct 	i.ga I 	 (8.13) 

All these gain matrices are now  3x3.  There is no a priori reason to 

assume them to be diagonal, although the K are evidently symmetric. 

In summary, for MSAT, the transfer functions from control 

forces and torques on the main bus to attitude error are 
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-I -1r
x

+ 	
s2 fa  

N
e 

— -c 	2 
(x=1 s + 	w s +w

2 

	

a a 	a 

!2  

-4(s) 

, 	
N
e 	s

2
K 

Œ1S2 +2
2 

s
2
+ 	w s+w

2 
ŒŒ a 	a_ 

(8.15) 
1 
—2 

If only torques are applied, only the second transfer function is needed. 

The time-domain equivalent of (8.15), expressed in second-

order form is this: 

(8.16) 

j0 = 	(t) 

• 
n
a 
+ 2c w n + w

2
n = e

T 
f (t)+ e, g_.(t) 

aaa 	eta -wa-e 

Ne  

e(t) = IT 1[4(t) - r)àw (t)] + 	e(t)  
a=1 —9a  

(8.17) 

(a = 1,...,N e ) 	(8.18) 

(8.19) 

The first three equations must be integrated and then e(t) is then avail-

able from the last equation. 

It sbould also be noted from (8.15) that the attitude dyna-

mics is in general three-axis-coupled. That is, roll, pitch and yaw 

(0
1' 

6
2 

0
3

) cannot in general be studied separately. Roll, pitch and yaw 

are uncoupled with respect to control torques only if both the following 

conditions are satisfied: 

• I -1 is diagonal (i.e., I is diagonal) 

• the K 	are all diagonal matrices, a = 1,. ..,N
e 

The second condition means that two of the three entries in each eigenvector-

piece !ea  must be zero for all vehicle modes. This, in turn, requires certain 

inertial and elastic symmetries in the vehicle design. Such symmetry may some-

times be almost present (e.g., Hermes) and the 'uncoupled' approximation proves 
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-*** RETAINED FREQUENCIES *** 

SELECTED 
MODES (RAD/SEC) 

FREQUENCY 
(HZ) 

1 	0.0000000000000000D+00 

2 	O. 0000000000000000D+00 
3 	O. 0000000000000000D+00 
4 	O. 0000000000000000D+00 
5 	0.0000000000000000D+00 

6 	O. 0000000000000000D+00 
7 	1. 1398259549566350D+00 

El 	1. 1549710410779400D+00 
9 	1. 5125592153215830D+00 

10 	1. 5818256321765070D+00 

0.0000000000000000D+00 

0.0000000000000000D+00 

0.0000000000000000D+00 

0.0000000000000000D+00 

0.0000000000000000D+00 

0.00000000000000000+00 

1.8140893499578850D-01  
1.83819350315546600-01 
2.40731275837628400-01 

2.51755368470353300-01  



'lb** RETAINED EIGENVECTORS *** • 

ROW \ COL 1 	 2 	 3 	 4 	 5 	' 6 

	

1 	2. 641D-02 O. 000D+00 O. 000D+00 O. 000D+00 -1. 474D-02 3. 394D-05 

	

2 	0. 000D+00 2. 641D-02 O. 000D+00 1. 3401}-02 -1. 221D-05 . 1. 600D-05 

	

3 	0. 000D+00 O. 000D+00 2. 641D-02 2. 399D-20 5. 824D-05 -1. 341D-07 

	

4 	0. 000D+00 O. 000D+00 O. 000D+00 9. 680D-03 -8. 818D-06 4. 502D-05 

	

5 	O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 1. 064D-02 -2. 451D-05 

	

6 	0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 8. 469D-03 

	

7 	0. 000D+00 O. 00013+00 0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 
O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 

	

9 	0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 

	

10 	0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 

	

11 	0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 

	

12 	0. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 O. 000D+00 

	

13 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

14 	Ô. 000D+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 

	

15 	O. 0000+00 • 0. 0000+00 0. 0000+00 - 0. 0000+00 0.  000D+00'0.  0000+00 

	

16 	0. 0000+00 0..0000+00 0. 0000+00  0.0000+00' 0. 000D+00 0. 0000+00 

	

17 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

18 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

19 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

20 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

21 	Q. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

22 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0001400 

	

23 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 

	

24 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 

	

25 	0. 0000+00 0. 0000+00 0. 0000+00 O. 0000+00 0. 0000+00 0. 000D+00 

	

26 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

27 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

28 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

29 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

30 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

31 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

32 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

33 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

34 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

35 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

36 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

37 	0. 0000+00 0. 0000+00 e 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

38 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

39 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

40 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 

	

41 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

42 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 

	

43 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 

	

44 	0'. 000D+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 0. 0000+00 

	

45 	0. 0000+00 0. 0000+00 0. 000D+00 0. 000D+00 0. 0000+00 0. 0000+00 

	

46 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

47 	0. 0000+00 0. 000D+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 

	

48 	0. 000 0+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

49 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

50 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
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ROW \ COL 7 9 	 10 

ROW \ COL 1 	 2 	 3 • 	4 	 5 	• 6 

51 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 
52 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
53 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 
54 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000~00 0. 0000+00 
55 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
56 	0. 0000+00 0. 00013+00 0. 0000+00 O. 0000+00 0. 0000+00 0. 0000+00 
57 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
59 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
59 	0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 
60 	0. 00013+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 
61 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0001)+00 
62 	0. 0001)+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
63 	Ô. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
64 	0. 00013+00 • 0. 00013+00 0. 0000+00 -0. 0000+00 0. 00013+00 0. 0000+00 
65 	0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
66 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
67 	. 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 
69 	0. 0000+00 0. 00013+00 0. 0000+00  0.0000+00  0. 000D+00. 0. 0000+00 
69 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
70 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 • 
71 	0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 0. 0000'+00 
72 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 
73 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
74 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0001)+00 0. 0000+00 
75 	0. 00013+00 0. 0000+90 0. 0000+00 0. 0000+00 0. 00013+00 0. 000 0+00 
76 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
77 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
78 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 O. 0000+00 
79 	0. 0000+00 0. 0000+00 0. 0001)+00 0. 0000+00 0. 0000-s00 0. 0000+00 
80 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
91 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 
82 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00011+00 0. 0000+00 
83 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
84 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
85 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 
86 	0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000~00 
87 	0. 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 
88 	0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 
89 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
90 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
91 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 
92 	0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 0. 0000+00 
93 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
94 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 
95 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
96 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

1 	-9. 998D-06 -5. 7290-03 1. 518D-05 -1. 099 0-03 
2 	-3.3100-07 1.622D-04 -4.203D-04 -9.0090-03 
3 	6.1470-03 -4.600D-06 -1.012 0-04 8.773D-06 
4 	8.4010-09 7.6630-05 -2.780D-04 -6.5350-03 
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ROW \ COL 7 	 8 	 9 	 10 

	

5 	5. 094D-06 -2.  8420-04 -1. 5190-05 4. 8090-04 

	

6 	6. 7910-05 -1. 3580-07 6. 765D-03 -8. 8600-05 

	

7 	-7. 1470-01 -1. 4380-01 -1. 2250-01 6. 8120-01 

	

8 	-1.2730-01 7.1160-01 8.508D-01 1. 27 5D-01 

	

9 	1. 0320-03 2. 5010-03 2. 8200-01 -5. 1700-01 

	

10 	1.005D-03 4.0450-04 -5.5710-03 -1.1140-01 

	

11 	1.6170-04 1.853D-05 1.1330-03 5.8230-03 

	

12 	4. 422D-06 -1. 0900-04 -8. 438D-04 8. 370 0-03 

	

13 	-3. 81013-05 -4. 2640-04 -5. 4600-03 -1. 4970-05 

	

14 	6. 3150-04 5. 6340-05 -1. 3050-04 -7. 545D-03 

	

15 	6. 4910-04 2. 2710-05 -3. 7680-04 -5. 2950-03 

	

16 	9. 6950-05 -4. 4180-05 -4. 840D-04 2. 6860-04 

	

17 	4. 9040-05 1. 3130-04 1. 3230-03 -2. 1750--04 

	

18 	1350-04 .... 3. 596D-05 3. 1250-04 4.7350-04 

	

19 	2. 918D-05 -4. 5970-05 -3. 3220-04 -5. 0590-04 

	

20 	-1. 2330-05 -4. 9460-05 -2. 5870-04 1.3930-04 

	

21 	-8. 7840-05 -1. 1650-06 1. 2290-05 3.8390-04 

	

22 	5. 3270-05 7. 9400-06 -5. 416D-06 -2. 2500-04 

	

23 	-3. 7080-05 -3. 2950-04 -1. 0920-03 1. 1080-04 

	

24 	2. 3980-04 -2. 8040-05 -1.• 7 57D-04 -1. 06 80-03 

	

25 	5. 1550-05 1. 173D-05 4. 5190-05 -2. 2640-04 

	

26 	-3. 8470-07 -1. 7800-05 -4. 4360-05 2. 8770-06 

	

27 	-1. 3970-05 -5. 1800-08 2. 171 0-06 3. 7240-05 

	

28 	-1. 3060-06 7. 5320-07 4. 9 530-06 -7.7960-06 

	

29 	3. 0450-07 1. 2190-06 2. 7220-06 -9. 445 0-07 

	

30 	-2. 0030-08 -2. 5740-07 -5. 3500-07 -2. 4490-07 

	

31 	-2. 2140-07 -9. 0740-07 -1. 8450-06 -1. 310D-07 

	

32 	-1. 1040-07 -3. 3420-07 -6. 4890-07 -6:7590-08 

	

33 	-5. 1050-07 1. 6330-07 3. 8730-07 1. 2980-06 

	

34 	-7. 1470-01 1. 446D-01 -1. 8600-01  -6.7770-01 

	

35 	-1. 2800-01 -7. 1170-01 9.3790-01 -1. 4750-01 

	

36 	9. 8300-04 -2. 5030-03 2. 8970-01 4. 5190-01 

	

37 	1. 0050-03 -4. 061 0-04 2. 3350-03 1. 1140-01 

	

38 	1. 6130-04 -1. 8790-05 7. 1740-04 -5.8500-03 

	

39 	5. 005D-06 1. 091 0-04 -1. 4700-03 -8. 335D-03 

	

40 	-3. 6640-05 4. 2650-04 -5. 4710-03 1.7670-04 

	

41 	6. 3130-04 -5. 7320-05 4. 4590-04 7. 5430-03 

	

42 	6. 4940-04 -2. 3700-05 2. 352D-05 5. 3030-03 

	

43 	9. 743 0-05 4. 4030-05 -5. 1010-04 -2. 5360-04 

	

44 	4. 7760-05 -1. 313D-04 1. 355D-03 1. 7880-04 

	

45 	-1. 1340-04 -3. 5790-05 2. 751D-04 -4. 8260-04 

	

46 	2.  9310-05 4. 5930-05 -2. 9430-04 5. 1510-04 

	

47 	-1. 225D-05 4.  9490-05-2. 7000-04 -1. 317D-04 

	

48 	-8. 7770--05 1. 3000-06 -1. 6740-05 -3. 6420-04 

	

49 	5. 3430-05 -B. 022D-06 1. 0090-05 2. 2520-04 

	

50 	-3. 694D-05 3. 2860-04 -1. 1000-03 -7. 9480-05 

	

51 	2. 400D-04 2. 7670-05 -9. 3710-05 1. 0730-03 

	

52 	5. 1330-05 -1. 101D-05  6.5490-05  a 251 0-04 

	

53 	-3. 7090-07 1. 7800-05 -4. 440 0-05 -1. 6050-06 

	

54 	-1. 397D-05 7. 3270-08 -7. 354D-07 -3. 733D-05 



ROW \ COL 7 	 8 	 9 	 10 

55 	-1.3101)-06 -7. 5121)-07 4. 919D-06 7. 648D-06 

56 	3. 036D-07 -1. 2201)-06 2. 775D-06 8. 671D-07 

57 	-1. 994D-08 2. 5751)-07 -5. 310D-07 2. 6011)-07 
58 	-2. 2101)-07 9. 0771)-07 ^1. 8661)-06 1. 83213-07 
59 	-1. 1031)-07 3. 3441)-07 	588D-07 8. 5821)-08 
60 	-5.1051)-07 -1.625D-07 2.9601)-07 -1.3101)-06 
61 	-2. 0351)-05 -5. 2471)-06 -3. 5641)-03 6. 0951)-04 
62 	-1. 4681)-04 -8. 246D-05 -1. 046D-06 1. 8001)-04 
63 	3. 941D-07 1. 493D-06 6. 01613-05 -2. 325D-04 
64 	2. 1851)-06 -5. 1001)-06 3. 2561)-08 -4. 52413-06 
65 	-3. 202D-08 -7. 5941)-08 -5. 229D-06 1. 0011)-05 

66 	-6. 5781)-07 -8. 7411)-07 2. 2730-08 -3. 0621)-07 
67 	-3. 6251)-09 -7. 34213-09 -6. 0051)-07 9. 1461)-07 
68 	-5.4100-09 -6. 91417-08 1. 6690-09 -1.7331)-08 
69 	-6. 5370-08 5. 956D-09 1. 135D-09 2. 9031)-08 
70 	5.339D-10 1.0701)-09 8. 816D-08 -1.4151)-07 

71 	4. 0571)-08 4. 315D-08 -1. 3231)-09 1. 392D-08 
72 	-5. 8160-10 -1. 569D-09 -9. 392D-08 2. 0871)-07 
73 	-7. 33613-10 -1. 573 1)-09 -1. 2101)-07 • 1. 996D-07 
74 	-1. 0.981)-09 -2. 4330-08 3. 5281)-10 -1. 657D-08 

75 	4. 0370-09 8. 588D-09 -1. 63013-10 3. 3741)-09 

76 	7. 220D-09 -1. 0671)-08 -6. 2670-12 -9. 5441)-09 

77 	1. 5980-10 4. 2191)-10 2. 5901)-08 -5. 4881)-08 
78 	-1. 2201)-08 -9. 0341)-09 3. 535D-10 -1. 784D-09 
79 	-2. 0371)-05 5. 3301)-06 -3. 611D-03 -5. 0661)-04 

SO 	"1. 488D-04 8. 269D-05  9.6441)-06 -1. 808D-04 

81 	3. 944D-07 -1. 4941)-06 7. 827D-05 2. 3051)-04 

82 	2. 2321)-06 5. 0961)-06 -1. 6061)-07 4. 536D-06 
83 	-3. 2171)-08 7. 6071)-013 -6. 0321)-06 -9. 849D-06 

84 	-6. 5501)-07 8. 7511)-07 1. 5341)-08 3. 026D-07 

85 	-3. 644D-09 7. 3571)-09 -6. 748D-07 -8. 9631)-07 

86 	-5. 395D-08 6. 9221)-08 1. 460D-09 1. 7031)-08 

87 	-6. 5681)-08 -5. 8551)-09 2. 663D-09 -2. 9391)-08 

88 	5. 360D-10 -1. 0721)-09 9. 9501)-08 1. 3881)-07 

89 	4. 0441)-08 -4. 3211)-08 -1. 0251)-09 -1. 3701)-08 

90 	-5. 8461)-10 1. 571 1)-09 -1. 1071)-07 -2. 0571)-07 

91 	-7. 3741)-10 1. 576D-09 -1. 3711)-07 -1. 9591)-07 
92 	-9. 30313-10 2. 4331)-08 -2. 9411)-10 1. 6571)-08 

93 	4. 005D-09  -8.5941)-09 -7.0111)-11 -3.351D-09 

94 	7. 3181)-09 1. 0661)-08 -4. 1511)-10 9.5841)-09 

95 	1. 607D-10 -4. 2251)-10 3. 0320-08 5. 407D-08 

96 	-1. 2190-08 9. 0531)-09 3. 532D-10 1.7161)-09 



RETAINED MODAL DAMPING MATRIX *** 

ROW \ COL 1 	2 	3 	4 

1 	1.170D-02  -8. 171D-O8  3.011D-05 1.953D-07 
2 	-8.171D-08 1.186D-02 -1.235D-06 -1.227D-05 
3 	3.011D-05 -1.235D-06 1.920D-02 8.620D-05 
4 	1.953D-07 -1.227D-05 8.620D-05 1.873D-02 
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**** RETAINED MODAL ANGULAR MOMENTUM MATRIX FOR 1-AXIS .*** 

ROW \ COL 1 2 	3 	4 	5 	6 

1 	0. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 0. 0000+00 
2 	O. 0000+00 O. 0000+00 O. 0000-+00 O. 0000+00 0. 0000+00 O. 0000+00 
3 	O. 000D+00 O. 0000-+00 O. 0000-+00 O. 0000+00 O. 0000+00 O. 0000+00 
4 	O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 
5 	O. 0000+00 0. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 9. 0140-05 
6 	0. 0000+00 O. 000D+00 O. 0000+00 O. 000D+00 -9. 0140-05 O. 0000+00 
7 	O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 -7. 228D-07 4. 4800-08 

0. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 1. 445 0-09 -2. 407D-06 
9 	O. 000D+00 O. 0000+00  0.0000+00 0.0000+00  -7. 200D-05 3. 712D-08 
10 	O. 0000+00 O. 0000+00 O. 0000+00 O. 0000+00 9. 430 0-07 4. 071D-06 

ROW \ COL 7 

1 	6. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 
2 	- 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
4 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 
5 	-7. 2280-07 -1. 4450-09 7. 2000-05  -9.4300--07  
6 	-4. 4800-08 2. 4070-06 -3. 7120-08 -4. 071 0-06 
7 	0. 0000+00 1. 9300-08 3. 5490-08 -3. 3110-08 
8 	-1.9300-08  0. 0000+00 -1. 922D-06  2.5240-08  
9 	-3. 549D-08 1. 9220-06 0. 0000+00 -3. 2520-06 
10 	3. 3110-08 -2. 5240-08 3. 2520-06 0. 0000+00 

9 
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.*** RETAINED MODAL ANQULAR MOMENTUM MATRIX FOR 2-AXIS *** 

4 ROW \ COL 1 2 	 3 5 	 6 

•  1 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
2 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
3 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
4 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 -8. 1980-05 
5 	0. 00013+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 7. 4680-08 
6 	0. 0000+00 0. 0000+00 0. 0000+00 B. 1980-05 -7. 4680-08 0. 0000+00 
7 	0. 0000+00 0. 0000+00 0. 0000+00 6. 5730-07 -5. 9880-10 2. 9860-09 
O 	0.0000+00  0. occre-Foo 0. 00013+00  -1.3140-09  1. 1970-12 -6. 4900-07 
9 	0. 0000+00 0. 0000+00 0. 0000+00 6. 5480-05 -5. 9650-08 2. 6590-06 

10 	0. 0000+00 0. 0000+00 0. 0000+00 -8. 5760-07 7. 813 0-10 5. 5340 -05 

ROW \ COL 7 	 8 	 9 1 0 

1 	0. 0000+00 0. 0000+00 0. 0000+0() O. 00013+00 
2 	0. 0000+00 0. 0000+00 • 0. 0000+00 0. 0000+00 

0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 
4 	-6. 5730-07 1. 3140-09 -6. 5480-05 8. 5760-07 
5 	5. 9880-10 -1. 1970-12 5. 9650-08  -7.8130-10  
6 	-2. 9861)-09 6. 4900 -07 -2. 659D-06 -5. 534 0-05 
7 	0. 0000+00 5. 204D-09 -1. 8940-08 -4. 4370-07 
8 	-5. 2040-09 0. 0000+00 -5. 1840-07 7. 6770-09 
9 	1. 8940-08 5. 1840-07 0. 0000+00  -4.4230-05  

10 	4. 4370-07 -7. 6770-09 4. 4230-05  0.0000+00  
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.*** RETA MED MODAL ANGULAR MOMENTUM MATR IX FOR 3-AXIS *** 

ROW \ COL 1 	 2 	 3 	 4 	. 	5 	 6 

1 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
2 	0. 0000+00 0. 000D+00 0. 0000+00 0. 00013+00 0. 000D+00 0. 0000+00 
3 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
4 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 1. 030 0-04 -2. 372D-07 
5 	0. 0000+00 0. 0000+00 0. 0000+00 -1. 030D-04 0. 000 0+00 -4. 7900 -07 
6 	0. 0000+00 0. 0000+00 0. 0000+00 2. 3720-07 4. 7900-07 0. 0000+00 
7 	0. 0000+00 0. 0000+00 0. 0000+00 -4. 9300-08 1. 3430-10 -2. 2950-10 

0. 0000+00 0. 0000+00 0. 000D+00 2. 7510-06 8. 131 0-07 1. 092D-08 
9 	0. 0000+00 0. 0000+00 0. 0000+00 1. 471D-07 -2. 9590-06 7. 4990-09 

10 	0. 0000+00 0. 0000+00 0. 000D+00  -4.6550-06  -6. 9550-05 1. 3850-07 

RCN \ COL 7 	 8 	 - 9 	 10 

1 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  

	

2 	' 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

3 	0. 0000+00 0. 0000+00 0. 000D+00 0. 00013+00 

	

4 	4. 9300-08 -2. 751 0-06 -1. 4710-07  4.6550-06  

	

5 	-1.3430-10  -8. 1310-07 2. 959D-06  6.9550-05  

	

6 	2. 2950-10 -1. 0920-08 -7. 499D-09 -1. 385 0-07 

	

7 	0. 0000+00 -3. 9270-10 1. 416D-09 3. 3290-08 

	

- 8 	3. 927D-10 0. 0000+00 -8.  018D-08  -1. 8200-06 

	

9 	-1.4160-09  8. 0180-08 0. 0000+00  -2.3300-07  

	

10 	-3. 3290-08 1. 8200-06 2. 330D-07 0. 0000+00 

• 



3 	 4 	 5 	 6 2 

... 
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-It.** RETAINED MODAL ANGULAR MOMENTUM-  MATRIX FOR 4-AXIS *** 

ROW \ COL 1 

1 	0. 00013+00 0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 
2 	0. 000D+00 0. 000D+00  Ô. 000D+00 0. 000D+00 0. 00013+00 0. 000D+00 
3 	0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 - 0. 000D+00 
4 	0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 5. 948D-05 -4. 747D-05 
5 	0. 000D+00 0. 000D+00 0. 000D+00 -5. 948D-05 0. 000D+00 5. 181D-05 
6 	0. 000D+00 0. 000D+00 0. 000D+00 4. 747D-05 -5. 181D-05 1. 323D-23 
7 	0. 000D+00 0. 000D+00 0. 000D+00 3. 510D-07 -4. 176D-07 2. 746D-08 
a 	0. 000D+00 0. 00013+00 0. 000D+00 1. 587D-06 4. 703D-07 -1. 758D-06 
9 	0. 000D+00 0. 000D+00 0. 000D+00 3. 789D-05 -4. 331D-05 1: 561D-06 

10 	0. 000D+00 0. 000D+00 0. 000D+00 -3. 183D-06 -3. 961D-05 3. 438D-05 

ROW \ COL- -7 	 8 	- - 	9 	- - 	10 

1 	.0. 000D+00 0. 000D+00 0. 000D+00 0. 0001)+00 
2 	0. 000D+00-  0. 000D+00 - 0. 000D+00 0. 000D+00 
3 	0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 
4 	-3. 510D-07 -1. 587D-06 -3. 7 89D-05 3. 183D-06 
5 	4. 176D-07 -4. 703D-07 4. 331D-05 3. 961D-05 
6 	-2. 746D-08 1. 758D-06 -1. 561D-06 -3. 438D-05 
7 	-1. 292D-26 1. 392D-08 1. 037D-08 -2. 561D-07 
8 	-1. 392D-08 3. 74E3D-25 -1. 455D-06 	032D-06 
9 	-1. 037D-08 1. 455D-06 0. 000D+00 -2. 755D-05 

10 	2. 561D-07 1. 032D-06 2. 755D-05 2. 515D-22 

n1,1 



.*** RETAINED MODAL CONTROL DISTRIBUTION MATRIX *** 

ROW \ COL 1 	 2 	 3 	 4 	 5 	 6 

1 	2. 641D-02 0. 000D+00 O. 000D+00 O. 000D+00 O. 000D-F00 O. 000D+00 
2 	0. 000D+00 2. 641D-02 O. 000D+00 0. 000D+00 O. 000D+00 O. 000D+00 

0. 000D+00 0. 000D+00 2. 641D-02 O. 000D+00 O. 0001)+00 O. 000D+00 
4 	0. 000D+00 1. 340D-02 2. 399D-20 9. 680D-03 O. 000D+00 O. 000D+00 
5 	-1. 474D-02 -1. 221D-05 5. 824D-05 -8. 818D-06 1. 064D-02 0. 000D+00 
6 	3. 394D-05 1. 600D-05 -1. 341D-07 4. 502D-05 -2. 451D-05 8. 469D-03 
7 	-9. 998D-06 -3. 310D-07 6. 147D-03 8. 401D-09 5. 094D-06 6. 791D-05 
8 	-5. 729D-03 1. 622D-04 -4. 600D-06 7. 663D-05 -2. 842D-04 -1. 358D-07 
9 	1. 518D-05 -4. 203D-04 -1. 012D-04 -2. 780D-04 -1. 519D-05 6. 765D-03 	s 

10 	-1. 099D-03 -9. 009D-03 8. 773D-06 -6. 535D-03 4. 809D-04 -8. 860D-05 
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YNACON APPENDIX B 

MSAT DYNAMICS MODEL  

MARK I 

(DESIGN MODEL: Ne  = 4) 

Transfer Function Matrices 

I -1  

—c 

-I -1 rx  — —c 

0)
a  

ci 

= 

e
T 

e
T 

K 	I Kfa 	--ga 
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INERTIA MATR IX I 

	

•  1. 06770+04 	8. 8420+00 -5. 6710+01 
B. 8420+00 8. 8270+03 2. 5500+01 

	

-5. 671D+01 	2. 5500+01 	1. 394D+04 

INVERSE OF INERTIA MATRIX I 

9. 3700-05 -9. 4950-08 3. 8130-07 
-9. 495D-08  Ï.  133D-04 -2. 0760-07 
3. 8130-07 -2. 0761)-07 7. 1720-05 

RC - POSITION OF MASS CENTER RELATIVE .TO 013 

5. 4710-03 0. 0000+00 	1. 3850+00 

THE MATRIX PRODUCT -(I**-1) (RC**X) 

1. 315D-07 	1. 2970-04 -5. 19513-10 
-1. 569D-04 -1. 303D-07 	6. 1980-07 

2. 8740-07 	1. 3550-07 -1. 136D-09 
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FLEXIBLE MODE: ALPHA =.1 

OMEGA = 1.140D+00 RAD/SEC 

ZETA = 5.134D-03 
1 

- T 	
._ 	_... 	_ 	 _._ 

T 

E 	 E 

WI 	 THETA1 

-9. 99E3D-01? -3. 310D-07 6. 147D-03 	8. 401D-09 	5. 094D-06 6. 791D-05 

F1 

-8. 399D-14 -2. 781.D-15 - 5. 164D-11 
-5.093D-11 -1. 6S6D-12 3.131D-08 

-6. 789D-10 -2. 248D-11 	4. 174D-07 

01 

7.057D-17 4.279D-14 5.705D-13 
4.279D-14 2.594D-11 	3.459D-1O 

5. 705D-13 	3. 459D-t0 4. 6,11D-09 
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W2 THETA2 

FLEXIBLE MODE: ALPHA = 2 

OMEGA = 1. 155D+00 RAD/SEC 
2 

ZETA = 5. 134D-03 
2 

-5. 729D-03 1. 622D-04 -4. 600D-06 	7. 663D-05 -2. 842D-04 -1. 358D-07 

F2 	 , 02 
- 

-4. 390D-07 	1. 243D-08 - -3. 525D-10 	 5. 873D-09 -2. 178D-08 -1. 041D-11 

	

1. 628D-06 -4. 610 1)-08 	1. 307D-09 	-2. 1781)-08 	8. 0761)-08 	3. 8591)-11 

	

7.779D-1O -2.203D-11 	6.246D-13 	-1.0411)-11 	3.8591)-11 	1.844D-14 
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• T 

THETA3 

• T 

W3 

I .  

FLEXIBLE MODE: ALPHA = 3 

OMEGA = 1.5131)+00 RAD/SEC 
3 

ZETA = .6.348D-03 
3 

1. 518D-05 -4. 203D-04 -1. 012D-04 -2. 780D-04 -1. 519D-05 6. 765D-03 

K 
F3 	 03 

-4. 219D-09 • 1. 169D-07 - -2. 813D-013 
-2.306D-1O  6. 386D-09 	1.537D-09 

 1. 027D-07 -2. 843D-06 -6. 843D-07 

7.730D-08 4.224D-09 -1.881D-06 
4.224D-09 2.309D-10 -1.028D-07 
-1.881D-06 -1.028D-07 4.576D-05 
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FLEXIBLE MODE: ALPHA = 4 

OMEGA = 1.5820+00 RAD/SEC 
4 

ZETA = 5.921D-03 
4 

W4 	 THETA4 

-1. 099D-03 -9. 009D-03 8. 773D-06 	-6. 535D-03 4. 8090-04 -8. 8600-05 

F4 	 . 04 

	

7. 180D-06 5. 8870-05 -5. 733D-08 	 4. 270D-05 -3. 143D-06 5. 790D-07 

	

-5. 285D-07 -4. 333D-06 4. 219D-09 	 -3. 143D-06 2. 313D-07 -4. 261D-08 

	

9. 736D-08 '7. 982D-07 -7. 773D-10 	 5. 790D-07 -4. 261D-0/8 7. 8500-09 
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YNACON APPENDIX C 

MSAT DYNAMICS MODEL  

MARK I 

(EVALUATION MODEL: Ne  = 11) 

System Matrices 

W 	a = 1,..,11 
a 

Ee 	—EreÏ  

2 	ej 

--e 

GGGG —1' —2' —3' —4 

8 
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1 

3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

****.RETAINED FREQUENCIES *** 

SELECTED 
MODES (RAD/SEC) 

FREQUENCY 
(HZ ) 

0.0000000000000000D+00 
O. 0000000000000000D+00 
O. 0000000000000000D+00 
O. 0000000000000000D+00 
O. 0000000000000000D+00 
0.0000000000000000D+00 
1.13982595495663501)+00 
1.1549710410779400D+00 
1. 5125592153215830D+00 
1.5818256321765070D+00 
1. 6077254388481950D+00 
1.6139546382229340D+00 
2.1868930860301580D+00 
2.3182132897469090D+00 
2.3204058952163090D+00 
2. 3659197534602500D+00 
2. 5868329848692610D+00 

0.0000000000000000D+00 
0.0000000000000000D+00 
0.0000000000000000D+00 
0.0000000000000000D+00 
0.0000000000000000D+00 
0.0000000000000000D+00 
1.8140893499578850D-01 
1.838193503 1554660D-01 - > 
2.4073127583762840D-01 
2.5175536847035330D-01 
2.5587745072727690D-01 
2.5696885859927150D-01 
3.4805484465518910D-01 
3.6895510420454470D-01 
3.6930406820325000D-01 
3.7654782372195710D-01 
4.1170725649510500D-01 --- 



1. 
-1.  

4. 
-2.  

8. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

-1. 
-1. 

5. 
-8. 

1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

2 3 4 

.*** RETAINED EIGENVECTORS *** 

ROW \ COL 1 

	

1 	2. 6410-02 0. 0000+00 . 0. 0000+00 0. 0000+00 

	

2 	0. 0000+00 2. 641 0-02 0. 0000+00 1. 3400-02 

	

3 	0. 000D+00 0. 0000+00 2. 641D-02 2. 399D-20 

	

4 	0. 0000+00 0. 0000+00 0. 0000+00 9. 680 0+03 

	

5 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

6 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

7 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

8 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

9 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

10 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

11 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

12 	0. 0000+00 0. 0000+00 0. 0000+00 - 0. 0000+00 

	

13 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

14 	.0. 0000+00 0. 0000+00 0. 00004-00 0. 0000+00 

	

15 	0.0000+00 0. 0000+00 0. 0000+00 --  0.0000+00 

	

16 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 

	

17 	0. 0000+00 0. 0000+00 0. 000E4+00 0. 0000+00 

	

18 	- - 0. 0000+00 OE 0000+00 0. 0000+00 0. 000D+00 

	

19 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

20 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000 04-00 

	

21 	• 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

23 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

24 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000-1-00 

	

25 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 

	

26 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00 

	

27 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

28 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 

	

29 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 

	

30 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

31 	0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 

	

32 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

33 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 

	

34 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

35 	0. 000D+00 0. 0000+00 O. 0000+00 0. 0000+00 

	

36 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 

	

37 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 Ô. 0000+00 0. 0000+00 0. 0000+00 

	

39 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

40 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 

	

41 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

42 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

43 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

44 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

45 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

46 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

47 	0. 000D+00 0. 0000+00 0. 000E1+00 0. 0000+00 

	

48 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

49 	0. 000D+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

50 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
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4740-02 
221D-05 
8240-05 
8180-06 
0640-02 
000D+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 
0000+00-
0000+00 
0000+00 
000D+00---0. 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
00010+00 
0000+00 
000D+00 
000D+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 
000D+00 
000E4+00 
0000+00 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
000D+00 
0000+00 

6 

394D-05 
600D-05 
3410-07 
502D-05 
451D-05 
469D-03 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 - 

 0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 - 

 0001;400 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 
000D+00 
0000+00 
0000+00 
0000+00 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 



ROW \ COL 1 	 2 	 3 	 4 	 5 	 6 

51 	0. 0000+00 0. 0000+00 0. 00011+00 0. 0000+00 0. 00013+00 0. 0000+00 
52 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 
53 	0. 000D+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 
54 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 
55 	0. 000D+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 
56 	0. 0000+00 0. 000D+00 0. 000D+00 0. 000 0+00 0. 0000+00 0. 0000+00 
57 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 
58 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 • 0. 000D+00 
59 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
60 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
61 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 
62 	0. 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 . 
63 	‘0 . 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
64 	• • 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 • 0. 00011400 -- 
65 	0. 000D+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 000 0+00 
66 	0. 000D+00 O. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
67 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
68 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 
69 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 
70 	0. 00013+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 0. 0000+00 
71 	0. 00011+00 0. 0000+00 0. 0000+00 0. 000D+00 0.  0000+00'  0. 0000+00 
72 	0. 0000+00 0. 0000+00 0. 00013+00 0. 000 0+00 0. 0000+00 O. 0000+00 

73 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 
74 	0. 0000+00 0. 000D+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 
75 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 
76 - 0. 0000+00 0. 0000+00 0. 0000+00 0. 00011+00 0. 0000+00 0. 0000+00 
77 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
78 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
79 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
BO 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 000 0+00 0. 0000+00 
81 	0. 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
82 	0. 0000+00 0. 0000+00 0. 000D+00 0. 000 0+00 0. 0000+00 0. 0000+00 
83 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0001)+00 0. 0000+00 
84 	0. 000 0+00 0. 0000+00 0. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 

85 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
86 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 
87 	0. 0000+00 0. 0000+00 0. 000D+00  0.0000+00  0. 0000+00 0. 0000+00 
88 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
89 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
90 	0. 00013+00 0. 0000+00 0. 0000+00 0. 0000+00  0. 0000+00 0. 0000+00 
91 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00011+00 
92 	0. 000 0+00 0. 0000+00 O. 0000+00  0.0000+00  0. 0000+00 0. 0000+00 

93 	0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 0000+00 

94 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

95 	0. 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

96 	0. 000 0+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 00013+00 0. 0000+00 

ROW \ COL 7 	 8 	 9 	 10 	 11 	 12 

-9. 9980-06 -5. 7290-03 1. 5180-05  -1.0990-03 1.0570-03  1. 3910-04 

2 	-3. 310D-07 1. 6220-04 -4. 203D-04 -9. 0091)-03 -8 . 7240-03 -1. 9710-03 
6. 147D-03 -4. 600D-06 -1. 0120-04  8.7730-06  1. 4320+05 -8. 3620-05 

4 	8. 401D-09 7. 6630-05 -2. 780D-04 -6. 5350-03 -6. 3160-03 -1. 4430-03 

43 



ROW \ COL 7 8 	 9 	 10 	 11 	 12 - 

	

5 	5. 094D-06 -2. 842D-04 ^1. 519D-05 4. 8090-04 -4. 809D-04 -5. 953D-05 

	

6 	6. 791D-05 -1. 358D-07 6. 765D-03 -8. 8600-05 5. 472D-04 -3. 8740-03 

	

7 	-7. 147D-01 -1. 4380-01 -1. 225D-01 6. 8120-01 6. 268D-01 2. 2370-01 
-1.273D--01 7. 116D-01 8.508D-01 1.275D-01 1. 821D-01 -3.919D-01. 

	

9 	1. 032D-03 2. 501D-03 2. 820D-01 -5. 170D-01 3. e80n-o1 7. 1260-01 

	

10 	1. 005D-03 4. 045D-04 -5. 571D-03 -1. 114D-01 -1. 153D-01 -2. 565D-02 
11 	I. 617D-04 1. 8530-05 1. 1330-03 5. 8230-03 5. 978D-03 6. 8760-04 

	

12 	4. 4220-06 -1. 0900-04 -8. 4380-04 8. 370 0-03 8. 5420-03 • 2. 8070-03 

	

13 	-3. 8100-05 -4. 2640-04 -5. 4600-03 -1. 4970-05 -2. 5040-04 3. 7870-03 

	

14 	6. 3150-04 5. 6340-05 -1. 3050-04 -7. 5450-03 -7. 6190-03 -1. 9000-03 

	

15 	6. 4910-04 2. 271 0-05 -3. 768D-04 -5.2950-03 -5. 2830-03 -1. 1350-03 

	

16 	9. 6950-05 -4. 4180-05 -4. 840D-04 2. 6860-04 3. 2020-04 4. 0620-04 

	

17 	,4. 9040-05 1. 3130-04 1. 3230-03 -2. 1750-04 -3. 4450-04 -9. 8750-04 

	

18 	-1. 1350-04 3. 596D-05 '3. 1250-04 ' 4. 7350-04 5. 1050-04 -7. 8430-05 

	

19 	2. 9180-05 -4. 5970-05 ^3. 3220-04 -5. 0590-04 -5. 0980-04 9. 2660-05 

	

20 	-1. 2330-05 -4. 9460-05 -2. 5870-04  1.3930-04 1.3090-04 2. 0920-04 

	

21 	-8. 7840-05 -1. 1650-06 1. 2290-05 3. 6390-04 3. 7560-04 9. 1660-05 

	

22 	5. 3270-05 7. 9400-06 -5. 4160-06  -2.2500-04 -1. 9540-04 -5. 0780-05 

	

23 	-3. 7080-05 -3. 2850-04 -1. 0920-03 1. 1080-04 4. 6910-05 7. 4990-04 

	

24 	2. 3980-04 -2. 8040-05 -1. 7570-04 -1.0680-03 -1. 0550-03 i-1. 6490-04 

	

25 	5. 1550-05 1. 1730-05 4. 5190-05 -2.2640-04 -2. 6360-04 -9. 818Ii-05 

	

26 	-3. 8470-07 -1. 7800-05 -4. 4360-05 2.8770-06 1. 9440-06 3. 0260-05 

	

27 	-1. 3970-05 ^5. 1800-08 2. 1710-06 3.7240-05 3. 7400-05 8. 790D-06 

	

28 	-1. 3060-06 7. 5320-07 4. 953D-06 -7.7960-06 -7. 261D-06 -5. 1430-06 

	

29 	3. 0450-07 1. 2190-06 2. 7220-06 -9. 4450-07 -8. 9170-07 -2. 0670-06 

	

30 	-2. 0030-08 -2. 5740-07 -5. 3500-07 -2. 4490-07 -2. 4470-07 2. 9620-07 

	

31 	-2.2140-07 -9. 0740-07 -1. 8450-06 -1.3100-07 -1.3930-07 1. 2100-06 

	

32 	-1. 1040-07 -3. 342D-07 -6. 4890-07  -6.7590-08 -6. 7100-08 4. 2220-07 

	

33 	-5. 1050-07 1. 6330-07 3. 8730-07 1.2980-06 1.2970-06 9. 7650-08 

	

34 	-7. 1470-01 1. 4460-01, -1. 860D-01 -6. 7770-01 -6. 4930-01 -6. 5770-02 

	

35 	-1. 2800-01 -7. 1170-01 8. 379 0-01 -1.4750-01 -6. 2630-02 -4. 4780-01 

	

36 	9. 8300-04 -2. 5031)-03 2. 8970-01 4. 519D-01 -6. 3540-01 5. 5960-01 

	

37 	1. 0050-03 -4. 0610-04 2. 3350-03 1. 1140-01 1. 150D-01 2. 7910-02 

	

38 	1. 6130-04 -1. 8790-05 7. 1740-04 -5.8500-03 -5. 7870-03 -2. 0530-03 

	

39 	5. 0050-06 1. 0910-04 -1. 4700-03 -8. 3350-03 -8. 7680-03 -1. 1830-03 

	

40 	-3. 6640-05 4. 2650-04 -5. 471D-03 1.7670-04 -7. 9530-04 3. 6980-03 

	

41 	6. 3130-04 -5. 7320-05 4. 4590-04 7. 5430-03 7. 6590-03 1. 6210-03 

	

42 	6. 4940-04 -2. 370D-05 2. 352D-05  5.3030-03 5. 2610-03 1. 3040-03 

	

43 	9. 743D-05 4. 4030-05 -5. 1010-04 -2. 5360-04 -4. 1150-04 2. 4810-04 

	

44 	4. 7760-05 -1. 3130-04 1. 355D-03 1. 7880-04 5. 9460-04 -7. 9900-04 

	

45 	-1. 1340-04 -3. 579 0-05 2. 751D-04 -4.8260-04 -4. 5760-04 -3. 0100-04 

	

46 	2. 9310-05 4. 5930-05 -2. 9430-04 5. 151D-04 4. 524D-04 3. 1730-04 

	

47 	-1. 2250-05 4. 949D-05 -2. 700 0-04 -1.3170-04 -1.7980-04 1. 3940-04 

	

48 	-8. 7770-05 1. 3000-06 -1. 674D-05 -3. 6420-04 -3. 773D-04 -8. 0430-05 

	

49 	5. 3430-05 -8. 0220-06 1. 0090-05 2.2520-04 1. 9670-04 4. 2670-05 

	

50 	-3. 6940-05 3. 2860-04 -1. 1000-03 -7.9480-05 -2. 481D-04 6. 8560-04 

	

51 	2. 4000-04 2. 7670-05 -9. 3710-05 1.0730-03 1. 0340-03 3. 1850-04 

	

52 	5. 133D-05 -1. 181 0-05 6. 549D-05 2.2510-04 2. 7450-04 2. 1170-05 

	

53 	-3. 7090-07 1. 7800-05 -4. 440D-05 -1. 6050-06 -1.0060-05 2. 7640-05 

	

54 	-1. 397D-05 7. 3270-08 -7. 354D-07 -3. 7330-05 -3. 7470-05 -8. 4340-06 

44 



ROW \ COL • 7 

	

55 	-1. 310D-06 -7. 5120 -07 4. 9190-06  7.6481)-06  8. 1440-06 -1. 1710 -06 

	

56 	3. 036D-07 -1. 2200-06 2. 7750-06 8. 6710-07 1. 3980-06 -1. 5440-06 

	

57 	-1.  9940-08 2. 5750 -07 -5. 3100-07 2. 601 0-07  1.  471D-07 4. 0050-07 

	

59 	-2. 2100-07 9. 0770-07 -1. 8660-06 1. 8320-07 -2. 029 0-07 1. 2290-06 

	

59 	-1. 1030-07 3. 3440 -07 -6. 589D-07  8.5820-08  -5. 396D-08 4. 4030-07 

	

60 	-5. 105D-07 -1. 6250-07 2. 9600-07 -1. 3100-06 -1. 242D-06 -4. 9590-07 

	

61 	-2. 0350-05 -5. 2470-06 -3. 5640-03  6.0950-04  2. 3010-04 2. 4700-03 

	

- 62 	-1. 4680-04 -B. 2460-05 -1. 046D-06  1.8000-04 -1.8740-04  -1. 918D-05 

	

. 63 	3. 9410-07 1. 4930-06 6. 0160-05  -2.3250-04  -2. 2490-04 -9. 8340-05 

	

64 	2. 1850-06 -5. 1000-06 3. 2560-08 -4. 5240-06 4. 6070-06 5. 2960-07 

	

65 	-3. 2020-08 -7. 5940-08 -5. 229D-06  '1.0010-05  9. 408D-06 -  5. 9450-06 

66 • -.4). 578 0-07 -8. 741 0-07 2. 2730-08 -3. 062D-07 2. 9910-07 5. 8030-08 

	

67 	-3. 6250-09 -7. 3420-09 -6. 005D-07 9. 1460-07 8. 4680-07 6. 2290-07 

	

68 	-5:410D-08 -6.914D-08  1. 669D-09  -1.7330-08  1. 6560-08 3. 7591)-09 -  

	

69 	-6. 537D-08 5. 9560-09 1. 1350-09  2.9030-08  -3. 029D-08 -1. 9910-09 

70' 	5. 3390-10 1. 0700-09 8. 8160-08  -1.4150-07  -1. 315D-07 -9. 3280-08 

	

71 	4.0570-08  4. 3150-08 -1. 3230-09 1. 3920-08 -1.3480-08  -2. 9290-09 

• 72 	-5. 8160-10 -1. 5690-09 -9. 3920-08  2.0870-07  1. 9770-07 1. 1420-.07 

	

73 	-7. 3360-10 -1. 5730-09 -1. 2100-07  1.9960-07  1. 858D-07 1. 2940 -07 

	

74 	-1.0980-09  -2. 433D-09 3. 5280-10  - 1. 6570-08  1. 6740-08 2. 191g-09 

	

75 	4. 0370-09 8. 5880 -09 -1. 630D-10  3.3740-09  -3. 3330-09 -5. 521 0-10 

	

76 	7. 2200-09 -1. 0670-09 -6. 2670-12 -9. 5440-09 9. 7400-09 1. 0470-09 

	

- 77 	1 -. 5980-10 4. 219D-10 2. 5900-08 -5. 4880-09 -5. 1870-09 -3. 0800-08 

	

78 	-1. 2200-08 -9. 0340-09 3. 535D-10  -1.7840-09  1. 6300-09 5. 6720-10 

	

79 	-2. 0370-05 5. 3300-06 -3. 611 0-03 -5. 066D-04 -8.  8670-04 2. 2150-03 

• SO 	-1. 4880-04  8.2690-05 9.6440-08 -1.8080-04  1. 861D-04  2.7280-05  

	

81 	3. 9440-07 -1. 494D-06 7. 8270-05 2. 3050-04 2. 375 0-04 8. 059D-06 

	

82 	2. 2320-06 5. 0960 -06 -1. 6060-07 4. 5360-06 -4. 5870-06 -6. 5010-07 

	

83 	-3. 217D-09 7. 6070-08 -6. 0320-06  -9.8490-08  -1. 0440-05 1. 397D-06 

	

84 	-6. 5500-07 8. 7510-07 1. 5340-09 3. 0260-07 -3. 0520-07 -2. 2230-08 

	

85 	-3. 644 0-09 7. 3570-09 -6. 748D-07  -8.9630-07  -9. 6340-07 2. 0870-07 

	

96 	-5.3950-08  6. 9220-08 1. 4600-09  1.7030-08  -1. 706 0-08 -8 . 107D-10 

	

87 	-6. 569D-08 -5. 8550-09 2. 6630-09  -2.9390-08  2. 968D-08 5. 5650-09 

	

99 	5. 360D-10 -1. 0720-09 9. 9500-08  1.3880-07  1. 4860-07 -2. 9080-08 

	

89 	4. 0440-08 -4. 321D-08 -1. 025 0-09  - 1. 3700-08  1. 3850-08 7. 1980-10 

	

90 	-5. 846D-10 1. 571 0-09 -1. 1070-07 -2. 0570-07 -2. 1640-07 1. 9230-08 

	

91 	-7. 374 0-10 1. 5760 -09 -1. 3710-07  -1.9590-07  -2. 0940-07 3. essn-oa 

	

92 	-9. 303D-10 2. 4330-08 -2. 941 0-10  1.6570-08  -1. 6750-08 -2. 1360-09 

	

93 	4. 005D-09 -8. 5940-09 -7. 0110-:11  -3.3510-09 3.3700-09 3.3270-10  

	

94 	7. 3180-09 1. 0660-08 -4. 151 0-10 9. 5840-09 -9. 673 0-09 -1. 4430-09 

	

95 	1.6070-10  -4. 2250 -10  3.0320-08 5.4070-08 5.7010-09  -5. 8560-09 

	

96 	-1. 2190-08  9.0530-09  3. 5320-10  1.7160-09 -1.7430-09 9.8050-11  

ROW \ COL 13 14 	 15 	 16 	 17 

1 	8. 2720-07 -3. 1550-05 -1. 4680-09 9. 4990-05 -4. 4850-07 

2 	-3. 8060-07 1. 7300-03 -2. 8880-07  9.0090-03 3.8840-07  

-4. 6590-04 -1. 1760-07 8. 494 0-05  -2.6260-07  7. 1870-06 

4 	-1. 0960-09 1. 2590-03 -3. 0820-08  8.5640-03  -9. 3090-09 

5 	-6. 073D-07 9. 1180-06 -2. 7450-08 -3. 779D-05 2. 688 0-07 

6 	6. 850 0-05 1. 2620-05 4. 6890-05 6. 5350-05 -7. 5600-05 

7 	2. 764D-03 -8. 6530-02 -1. 3010-03 -4. 4580-01 9. 320D-04 

8 	5. 9150--03 -1. 5630-02 3. 2900-03 -8. 1440-02 -5. 205 0-03 
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ROW \ COL 13 	 14 	 15 • 	16 	 17 

	

9 	-5. 493D-04 -3. 212D-03 -4. 177D-04 -1. 536D-02 5. 478D-04 

	

10 	7.072D-01 -1.769D-01 -2.239D-04 -6.981D-01 -7.761D-05 

	

11 	-1 . 973D-04 -6. S38D -01 -7.084D-01 1.753D-01 6 . 891D-05 

	

12 	-6. 407D-05 -1, 112D-02 -ó. 089D -05 -7.258D-02 -7. 061D-01 

	

13 	-1. 792D-04 -1. 296D-04 -1. 677D-04  -5.636D-04 5. 254D-04 

	

14 	-2. 533D-04 4. 445D-03 6. 176D-05 2. 494D-02 -2. 951D-06 

	

15 	-2. 597D-04 2. 968D-03 5. 282D-05 1. 661D-02 1. 550D-05 

	

16 	-4. 997D-05 -1. 729D-04 -2. 497D-06 -9. 306D-04 2. 537D-05 

	

17 	1. 890D-05 1. 8440-04 3. 041D-05 9. 434D-04 -6. 049D-05 

	

18 	4. 769D-05 -2. 411D-04 -2. 795D-06 -1. 334D-03 -1. 413D-05 

	

19 	-1. 697D-05 2. 250D-04 -3. 654D-06 1. 242D-03 1. 223D-05 

	

20 	-2. 672D-06 -6. 724D-05 -5. 3890-06 -3. 607D-04 9. 694D-06 

	

21 	.2. 6130-05 -1. 6250-04 -5. 5270-06 -8. 840D-04 -4. 2500-07 

	

22 	-1;5750-05 9. 1530-05 3. 364D-06 '5. 052D-04 1. 925D-07 	- 

	

23 	-1. 4880-05 -6. 0420-05 -2. 0150-05 -3.0241)-04 3. 6890-05 

	

24 	-7. 1350-05 4. 4440-04 1. 2000-05 2.4240-03 5. 7740-06 

	

25 	-1.3300-05 1.0480-04 3.9120-06 5.6050-04 -1. 5470-06 . - 

	

26 	-9. 0990-07 -2. 2000-06 -7. 3560-07 -1.0450-05 1. 4590-06 

	

27 	3.9170-06 -1. 5510-05 -7. 9750-07 -B. 424D-05 -9. 4640-08 

	

28 	4. 8380-07 3. 387D-06 8. 2000-09 1. 857D-05 -1. 7860-07 

	

29 	-2. 182D-08 4. 51330-07 6. 1710-08 2. 393 0-06 -8. 8740-08 

	

30 	-6. 4300-09 9. 0760-08 -9. 573D-09  5.2100-07 1. 7100-08 

	

31 	1. 9601)-08 1. 3090-08 -4. 2250-08 1. 6010-07 5. 912D-08 

	

32 	1. 5970-08 1. 3600-08 -1. 6720-08. 1.0800-07 2. 059D-08 

	

33 	1. 4980-07 -5. 3170-07 -2. 4070-08 -2. 9060-06 -1. 361D-08 

	

34 	2. 7630-03 8. 6190-02 -1. 3050-03 4. 440D-01 9. 3070-04 

	

35 	5. 9120-03 1. 7470-02 3. 21380-03 9. 0860-02 -5. 2050-03 

	

36 	-5. 6040-04 2. 9960-03 -4. 1820-04 1. 4280-02 5. 5160-04 

	

37 	7. 071D-01 1. 7700-01 -2. 3210-04 6.9830-01 -7. 9131)-05 

	

38 	-1. 9640-04 6. 8630-01 -7. 058D-01 -1. 759D-01 6. 936D-05 

	

39 	-6. 4780-05 1. 1080-02 -6. 1440-05 7.2360-02 -7. 081D-01 

	

40 	-1. 8000-04 4. 0450-05 -1. 6770-04 5.0620-05 5. 2650-04 

	

41 	-2. 531D-04 -4. 4420-03 6. 1970-05 -2. 4930-02 -2. 9250-06 

	

42 	-2. 5980-04 -2. 9700-03 5.2950-05 -1.6620-02 1.5720-05 

	

43 	-5. 022D-05 1. 672D-04 -2. 513D-06 8. 9920-04 2. 5570-05 

	

44 	1. 9530-05 -1. 6980-04 3. 044D-05  -8.6290-04 -6. 0970-05 

	

45 	4. 7650-05 2. 4430-04 -2. 8120-06 1.3510-03 -1. 4110-05 

	

46 	-1. 7010-05 -2.  2800-04 -3. 6430-06 -1.2590-03 1. 2270-05 

	

47 	-2. 6900-06 6. 4720-05 -5. 390D-06 3. 4700-04 9. 7120-06 

	

48 	2. 610D-05 1. 6250-04 -5. 5370-06 8. 8380-04 -4. 0820-07 

	

49 	-1. 5820-05 -9. 1510-05 3. 3650-06 -5.0500-04 2. 4060-07 

	

50 	-1. 4800-05 5. 0580-05 -2. 0130-05 2. 4920-04 3. 690D-05 

	

51 	-7. 1380-05 -4. 456 0-04 1. 2030-05 -2. 4300-03 5. 8070-06 

	

52 	-1. 3210-05 -1. 0430-04 3. 9210-06 -5. 5780--04 -1. 6070-06 

	

53 	-9. 0350-07 1. 8090-06 -7. 311D-07 8.3400-06 1.4530-06 

	

54 	3. 916D-06 1. 5520-05 -7. 981D-07 8. 4260-05 -9. 4900-08 

	

55 	4. 7050-07 -3. 3440-06 -1. 5930-09 -1.8340-05 -1. 5840-07 

	

56 	-2. 2420-08 -4. 3420-07 6. 1310-08  -2.2620-06 -8. 8120-08 

	

57 	-6. 701D-09 -9. 5440-08 -9. 7000-09 -5.4620-07 1.7591)-08 

	

58 	1. 9120-08 -2. 9380-08 -4. 2640-08  -2.4800-07 6. 0100-08 
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17 14 	 15 	 16 

59 	1. 5710-08 -1. 934D-08 -1. 6930-08  -1.3900-07  2. 1080-08 

60 	1. 500 0-07 5. 3470 -07 -2. 3960-08 , 2.9210-06  -1. 3930-08 

61 	-7.6730-05 -2.4900-04 -5.9290-05 -1.3520-03  1. 195D-04 

62 	4. 126D-05 7. 2480-06 -8. 601 0-06 -3. 1860-05 -6. 2890-07 

63 	1. 466 0-06 9. 6280-05 1. 1280-06  5.2300-04  -2. 269 0-06 

64 	-6. 075 0-07 -2. 2890-07 1. 2680-07  8.3290-07  7. 3830-09 

65 	-1. 1880-07 -4. 1290 -06 ^9.  151D-08  -2. 241 0-05 1. 8360-07 

66 	1. 8360-07 -1. 891 0 -08 -3. 761D-08  5.9130-08  -4. 2830-09 

67 	-1. 3460-08 -3. 7680-07 -1. 03610-08  -2.0450-06  2. 079D-08 

68 	1. 5090-08 -1. 2010-09 -3. 09 68-09 3. 447D-09 -3. 413 0-10 

69 	1. 8220-08 1. 2970-09 -3.  756D-09 -5.2080-09  -3.  5290-10  --- • 

70 	1. 9810-09 5. 8340-08 1. 526D-09 3. 1670-07  -3.  061 0-09 

71 	-1. 1320-08 8. 8080-10 2. 320D-09  -2.7020-09  2-. 5840-10 

72 	̂2.' 158D-09-8.  6090-08 -1. 662D-09 -  -4.6730-07  - 3. 335D-09-  

73 	-2. 7230-09 -B. 2250-08 -2. 0970-09 -4. 4640-07 4. 2060-09 

74 	3. 1360-10 -8. 7480-10 -5. 7490-11  3.0790-09  -2. 7030-11 

75 	-1. 1270-09 2. 019D-10 2. 3040-10  -6.4600-10  2. 799D-11 

76 	-2..0090-09 -4. B260"10 4. 1680-10  1.7570-09  3. 1260-11 

77 	5. 9300-10 2. 2630-08 4. 5660-10  1.2290-07  -9. 1620-10 

78 	3.4040-09  -1. 3520-10 -6. 9860-10 3. 6380-10 -7. 480D-11 

79 	-7. 6820-05 2. 1720-04 -5. 9370-05 1. 180D-03 1. 1960-04 

80 	4. 2150-05 -7. 2250-06 -8. 554 0-06 3. 1920-05 -1. 1830-06 

81 	1. 469D-06 -9. 5680-05 1. 135 0-06 -5. 197D-04 -2. 270 0-06 

82 	-6. 2531)-07 2. 2850-07 1. 263D-07  -8.3370-07  1. 923D-08 

83 	̂1. 1950-07 4. 0790-06 -9. 221D-08  2.2150-05  1. 8450-07 

84 	1.8270-07  1. 9010-08 -3.  7590-08  -5. 8890-08 -3. 625D-09 

85 	-1.3540-08 3.7120-07  -1. 0440-08  2.0150-06 2.0900-08  

86 	1. 5060-08 1. 209D-09 -3. 093D-09  -3.4270-09  -3. 0940-10 

87 	1. 8350-08 -1. 2870-09 -3. 750D-09  5.2320-09  -4. 3630-10 

88 	1. 991 0-09 -5. 7510-08 1. 5350-09 -3. 1220-07 -3. 0740-09 

89 	-1. 1280-08 -8 . 8720-10 2. 319D-09  2.6891)-09  2. 295D-10 

90 	-2. 1720-09 8. 5190-08  -1. 6768-09 4. 6250-07 3. 3530-09 

91 	-2.  7400-09  8. 1120 -08 -2. 113D-09  4.4030-07 4.2290-09  

92 	2. 5220-10 8. 7490 -10 -5. 8660-11  -3.0790-09 1.  4820-11 

93 	-1 .  1170-09 -2.0260-10 2.3020-10 6.4450-10  2 . 045D-11 

94 	-2. 0470-09 4. 914D-10 4.  158D-10 -1.7590-09 5.6290-11  

95 	5.9710-10 -2.2390-08 4.6050-10 -1.2150-07 -9.216D-10  

96 	3. 401 0-09 1. 3720 -10 -6. 9810-10 -3. 5930-10 -7. 2070-11 

ROW \ COL 13 
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** RETAINED MODAL DAMPING MATRIX *** 

ROW \ COL 1 2 5 4 

1 	1.1700-02  

	

2 	-8. 171D-08 

3. 011D-05 

	

4 	1.9530-07  

	

5 	3. 9380-06 

	

6 	-2. 579D-05 

	

7 	-2. 978 0-05 

	

8 	3.312D-08  

	

9 	5.  8960-06 

	

10 	1.904D-07  

	

11 	2. 1540-08 

-8. 1710-08 

1.  1860-02  
-1. 2350-06 

- 1.  2270-05  
-4. 331 0-05 

-8. 4810-06 

2. 0230-08 

7. 393D-06 

-3.  6680-09  
3. 09313-05 

7. 6190-09  

3. 011D-05 

- 1. 235D-06 

• 1. 920D-02 

8. 620D-05 

4. 743D-04 

-2. 3640-03 

4. 795D-05 

-2. 211 0-05 

3. 293D-05 

- 1. 1640-04 

-5. 508D-05 

1. 953D-07 

-1.2270-05  
8. 620D-05 

1. 873D-02 

2.7960-03  
6. 623D-04 

-4.473D-07 

-6.3760--04  
-2. 51913-07 

- 3. 35013-03 

4. 709D-07 

3. 938D-06 

-4. 331D-05 

4. 7430-04 

2. 7960-03 

1. 8870-02 

4. 201D-04 

4. 092D-06 

-6. 2160-04 

2. 943D-06 

-3. 2580-03 

-4. 86113-06  

-2. 5790-05 

-8. 481 0 -06 

-2. 3640-03 

6. 623D-04 

4. 2010-04 

1. 7690-02 

-2. 74313-05 

-1. 4500-04 

•-1. 9590-05 

-7. 5980-04 

3. 254D-05 

ROW \ COL 7 

1 	-2.978D-05  
2 	2. 0230-08 

4.7950-05  
4 	-4. 4730-07 

5 	4. 0920-06 

6 	-2. 74313-05 

7 	2. 1870-02 

8 	5. 123D-08 

9 	-2. 260D-07 

10 	2 . 62113-07 

11 	-7.2190-07  

3. 3120-08 

7. 3930-06 

- 2. 211 0-05 

-6. 3760-04 

-6. 2160-04 

- 1. 4500-04 

5. 123D-08 

2. 3330-02 

3. 233D-08 

7. 602D-04 

-6. 0900-08 

9 

5. 8960-06 

-3. 6680-09 

3. 293D-05 

-2. 519D-07 

2. 943D-06 

-1. 959D-05 

-2. 260D-07 

3. 2330-08 

2. 320D-02 

1. 669D-07 

-4. 5740-07 

10 

- 1. 9040-07 

3.0931)-05  
-1. 164D-04 

- 3.3501)-03  
-3.2580-03  
- 7. 5980-04 

2. 621D-07 

7.6020-04  
1.6890-07  
2.7650-02  

-3. 155D-07 

11 

2. 1540-08 

7. 6190-09 

-5. 5080-05 

4.7090-07  
-4. 8610-06 

3. 254D-05 

-7. 219D-07 	 - 

-6. 0900-08 

-4. 5740-07 

-3. 1550-07 	 - 

2. 5870-02 
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ROW \ COL 1 2 	 3 	 4 5 6 

11 12 ROW \ COL 7 9 	 10 

0. 000 0-+00 O. 
0. 0000+00 0. 
0. 000D+00 0. 
0.0000+00 0. 
5. 8240-06 
4. 059D-06 
3. 5440-08 

-1. 5560-07 
3. 245D-06 
2. 2060-07 
0. 0000+00 

-1.8960-06 
3. 2610-08 
1. 1060-08 
2. 2530-08 
1. 075D-08 

-3. 6210-08 

-4. 
5. 

-1. 
1. 
4. 

-1. 
1. 
0. 
6. 

-3. 
2. 
1. 

-5. 

ROW \ COL 13 14 	 15 _ 	16 17 

.*** RETAINED MODAL ANGULAR MOMENTUM MATR IX FOR 1-AXIS *** 

	

1 	0.0000+00 

	

2 	0. 0000+00 

	

3 	0. 0000+00 

	

4 	0.0000+00 

	

5 	0. 0000+00 

	

6 	0. 000D+00 

	

7 	0.0000+00 
0. 0000+00 

	

9 	0.0000+00 

	

10 	0.0000+00 

	

11 	0.0000+00 

	

12 	0.0000+00 

	

13 	p. 0000+00 

	

14 	'0.0000+00 

	

15 	' 0.0000+00 

	

16 	0.0000+00 

	

17 	0. 0000+00 

0. 0000+00 0. 0000+00  0.0000+00 
0. 0000+00 0. 0000+00 0. 000D+00 
0. 0000+00 0. 0000+00 0. 000D+00 
O. 0000-+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000--00 0. 0000+00 0.0000+00 
0. 0000-+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000--00 0.0000+00 
0. 0000+00 0. 000D+00 0.0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0.0000+00 
0. 0000+00 0. 000D+00 0. 0000+00 
0. 0000+00 0. 0000+00 O. 0000+00 
0. 0000+00 0. 0000+00 0.0000+00 
0. 0000+00 0. 0000+00 0.0000+00 

0. 0000+00 
0. 0000+00 
0. 0000+00 
0. 0000+00 
0. 0000+00 

-9. 014D-05 
-7. M80-07 

1.4450-09 
-7:2000-03 
9. 4300-07 

-5. 824D-06 
4. 1230-05 

-7. 2900-07 
-1. 3430-07 
-4. 991 0-07 
-6. 9560-07 

8. 046D-07 

0. 0000+00 
0. 0000+00 
0. 0000+00 
0. 0000+00 
9. 0140-05 
0. 000D+00 
4.4800-08 

-2. 4070-06 
- 3. 7120-08 
4. 0710-06 

-4. 0590-06 
-5.991D-07 
-3.4640-09 
7.753D-08 
9. 1670-10 

-3. 1840-07 
4. 2390-10 

•  1  •0. 0000+00 

	

2 	0.0000+00 
0.0000+00 

	

4 	0.0000+00 

	

5 	7.2280-07 

	

6 	-4. 4800-08 

	

7 	0.0000+00 

	

8 	-1.9300-08 

	

9 	-3. 5490-08 

	

10 	3.311D-08 
11 	-3.5440-08 

	

12 	1.569D-08 

	

13 	-3.9010-10 

	

14 	5. 549 0-10 

	

15 	-2.4070-10 

	

16 	-2.8990--09 

	

17 	4.033D-10 

0. 0000+00 0. 000D+00_ 0. 0000+00 
0. 0000-+00 0. 0000+00 0.0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 - 0. 0000+00 0. 0 .000+00 

-1. 4450-09 7. 200D-05 -9.4300-07 
2. 4070-06 -3. 7120-08 -4. 071 0-06 
1. 930D-08 3. 549D-08 -3.3110-08 
0. 0000+00 -1. 9220-06 2. 5240-08 
1. 9220-06 0. 0000+00 -3. 2520-06 

-2. 5240-08 3. 2520-06 0. 0000+00 
1. 5560-07 -3. 2450-06 -2. 2060-07 

-1. 101 0-06 -4.6150-07 1.8680-06 
1. 947D-08 -3. 0670-09 -3.2890-08 
3. 5850-09 6. 1870-08 -6. 8780-09 
1. 3320-08 5. 2670-10  -2.2550-08 
1. 8580-08 -2. 5460-07 -2. 8080-08 

-2. 148D-08 6. 700D-10 3. 6330-08 

0000+00 
0000+00 
0000+00 
0000+00 
123D-05 
991D-07 
5690-08 
101D-06 
615D-07 
8680-06 
8960-06 
0000+00 
4300-09 
4570-08 
8970-09 
5030-07 
542D-09 

	

1 	0.0000+00 
2 	0.0000+00 

	

3 	0.0000+00 

	

4 	0.000D+00 

	

5 	7.2900-07 

	

6 	3.464D-09 

	

7 	3.9010-10 

	

8 	-1.947D-08 

	

9 	3.0670-09 

	

10 	3.2890-08 

	

11 	-3.261D-08 

	

12 	-6.4300-09 

	

13 	0.0000+00 

	

14 	6.3220-10 

	

15 	2.6590-11 

	

16 	-2.549D-09 

0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 0000+00 0. 0000+00 
0. 0000+00 0. 000D+00 0. 0000+00 
0. 0000-+00 0. 0000+00 0. 0000+00 
1.3430-07 4.9910-07 6.9560-07 

-7. 7530-08 -9. 1670-10 3. 1840-07 
-5. 5490-10 2. 407D-10 2. 8990-09 
-3. 5850-09 -1. 3320-08 -1. 8580-08 
-6. 1870-08 -5. 2670-10 2. 546D-07 
6. 8780-09 2. 2550-08 2. 8080-08 

-1. 1060-08 -2. 2530-08 -1. 0750-08 
3. 4570-08 -2. 8970-09 -1. 5030-07 

-6. 3220-10 -2. 6590-11 2.5490-09 
0. 0000+00 4. 2790-10 1. 0730-09 

-4. 2790-10 0. 0000+00 1. 770D-09 
-1.073D-09 -1.7700-09 0.0000+00 

0. 0000+00 
0. 0000+00 
0. 0000+00 
0. 0000+00 

-8. 046D-07 
-4. 2390-10 
-4. 033D-10 

2. 148D-08 
-6. 7000-10 
-3. 6330-08 

3. 6210-08 
5. 542D-09 
2. 749D-11 

-6. 9270-10 
-1.0530--11 
2. 8390-09 

49 



50 

ROW • COL 13 	 14 	 15 	- 	16 	 17 

17 	-2. 749D-11 6. 927D-10 1.. 053D-11  -2.839D-09  O. 000D+00 



'*** RETAINED MODAL ANGULAR MOMENTUM MATRIX FOR 2-AXIS *** 

ROW \ COL 1 	 2 	 3 	4 	5 

1 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000-00 

	

2 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

3 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	0, 0000+00 0. 0000-00 0. 0000+00 0. 0000+00 0. 0000+00 -8. 1980-05 

	

5 	0. 0000+00 0. 0000+00  0:0000+00  O. 0000+00 0. 0000+00 7. 468 0-08 

	

6 	0. 0000+00 0. 000D+00 0. 0000+00 8. 198D-05 -7. 468 0-08 0. 0000+00 

	

7 	0. 0000+00 0. 0000+00 0. 0000-00 6. 5730-07 -5. 9880-10 2. 9860-09 
0. 0000-00 0. 0000-00 0. 0000+00 -1.3140-09 1. 1970-12 -6. 4900-07 

	

9 	0. 0000+00 - 0. 0000-00 0. 0000+00 6. 548D-05 -5. 9650-08 "2. 659D-06 

	

10 	0. 000D+00 0. 0000+00 0. 0000+00 -8. 576 0-07 7. 813D-10 5. 5340-05 

	

11 	0.'0000+00 0. 0000+00 0. 000D+00 5. 2970-06 -4. 8250-09 5. 3520-05 

	

12 	0. 0000+00 0. 0000-00 0. 000D+00 -3. 750D-05 3. 4160-08-1. 2050-05. 

	

13 	0. 0000+00 0. 0000+00 0. 0000+00 6. 630D-07 -6. 040D-10 3. 1770-09 

	

14 	.Ô. 000D+00 0. 0000+00 0. 0000+00  1.2220-07 -1. 1130-10 -1. 0660-05 

	

15 	0. 0000+00 0:' 000D+00  0.0000+00' 4.5390-07 -4. 134D-10 2. 3720-09 -  .- 

	

16 	0. 000D+00 0. 0000+00 0. 0000+00 6. 3260-07 -5. 7620-10 -5. 5600-05 

	

17 	0. 0000+00 0. 0000+00 0. 0000+00 -7. 318D-07 6. 6660-10 -3. 3250-09 

ROW \ COL 7 	---s- 	 9 	 10 	 11 	 12 

	

- 1 	0. 0000+00 0. 0000-00 0. 000D+00 - 0. 000D+00 0. 000D+00 0. 0000+00 
0. 0000+00 0. 0000-00 0. 0000+00 0. 000D+00 -0. 0000+00 0. 00015+00 
0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

4 	-6. 5730-07 1. 3140-09 -6. 548D-05 8. 5760-07 -5. 297D-06 3. 7500-05 

	

5 	5. 9880-10 -1. 197D-12 5. 965D-08 -7. 8130-10 4. 8250-09 -3. 4160-08 

	

6 	-2. 9860-09 6. 490D-07 -2. 6590-06 -5. 5340-05 -5. 352D-05 -1. 2050-05 

	

7 	0. 0000+00 5. 2040-09 -1. 8940-08 -4. 4370-07 -4. 2890-07 -9. 7970-08 

	

8 	-5. 2040-09 0. 0000+00 -5. 1840-07  7.8770-09 -4. 1070-08 2. 9710-07 

	

9 	1. 8940-08 5. 1840-07 0. 0000+00 -4.4230-05 -4. 2570-05 -1. 0840-05 

	

10 	4. 437D-07 -7. 6770-09 4. 423D-05 0.0000+00 4. 135D-06 -2. 5190-05 

	

11 	4.2890-07 4. 1070-08 4. 2570-05 -4.1350-06 0.0000+00 -2. 5260-05 

	

12 	9. 7970-08 -2. 9710-07 1. 084D-05 2. 519D-05 2. 5260-05 0. 0000-00 

	

13 	1. 320D-12 5. 2490-09 -1. 8970-08  -4.4760-07 -4. 3260-07 -9. 8900-08 

	

14 	-8. 5500-08 1. 139D-09 -8. 5210-06 2. 9090-08 -7. 697D-07 4. 8600-06 

	

15 	2. 487D-12 3. 5930-09 -1. 283D-08 -3. 064D-07 -2. 961D-07 -6. 779D-08 

	

16 	-4.459D-07 5.900D-09 -4.443D-05 1.547D-07 -4.006D-06 2.5340-05 

	

17 	-2. 973 0-15 -5. 7930-09 2. 108D-08 4. 9400-07 4. 775D-07 1. 091D-07 

ROW \ COL 13 	 14 	 15 	 16 	 17 

1 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 
0. 000D+00 0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 

	

3 	0. 000D+00 O. 0000-00 0. 0000+00 0. 0000+00 0. 000D+00 

	

4 	-6. 6300-07 -1. 2220-07 -4. 5390-07 -6. 326D-07 7. 318D-07 

	

5 	6.0400-10 1. 113D-10 4. 134D-10 5.7620-10 -6.6660-10 

	

6 	-3. 1770-09 1. 0660-05 -2. 3720-09 5. 5600-05 3. 325D-09 

	

7 	-1. 3200-12 8. 5500-08 -2. 487D-12 4.4590-07 2. 9730-15 
-5. 2490-09 -1. 1380-09 -3. 5930-09 -5. 9000-09 5. 7930-09 

	

9 	1. 897D-08 8. 521D-06 1. 283D-08  4.4430-05 -2. 1080-08 

	

10 	4. 4760-07 -2. 909D-08 3. 064 0-07 -1. 5470-07 -4. 940D-07 
11 	4. 326D-07 7. 6870-07 2. 961D-07 4. 006D-06 -4. 775D-07 

	

12 	9. 8900-08 -4. 860D-06 6. 7790-08 -2. 534D-05 -1. 091 0-07 

	

13 	0. 000D+00 8. 6250-08 -1. 5970-12 4. 4980-07 -1. 466D-12 

	

14 	-8. 625 0-08 0. 0000+00 -5. 904D-08 5. 900D-10 9. 519D-08 

	

15 	1. 5970-12 5. 9040-08 0. 0000+00 3.0790-07 -2. 7660-12 

	

16 	-4. 4980-07 -5. BOOD-10 -3. 079D-07 0. 0000+00 4. 9640-07 
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ROW \ COL 13 	 14 	 15 	 16 	 17 

17 	1. 466D-12 -9. 519D-08 2. 766D-12 -4. 964D-07 O. 000D4-00 
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ROW \ COL 7 9 	 10 	 11 	 12 

• "*** RETAINED MODAL ANGULAR MOMENTUM MATRIX FOR 3-AXIS *** 	'- 

ROW \ COL 1 	 2 	 3 	 4 	 5 	 6 

	

1 	0. 0000+00 0. 0000-+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

2 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0-00 0. 0000+00 0. 0000+00 

	

3 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 1. 0300-04 -2. 372 0-07 

	

5 	0. 0000+00 0. 0000-+00 0. 0000+00 -1.0300-04 0. 0000+00 -4. 7900-07 

	

6 	0. 0000+00 0. 0000+00 0. 0000+00 2. 372 0-07 4. 790D-07 0. 0000+00 

	

7 	0. 0000+00 0. 0000+00 0. 0000+00  -4.9300-08 1. 3430-10 -2. 295D-10 

	

a 	0. 0000+00 0. 0000+00 0. 0000+00  2.7510-06 8. 1310-07 1. 0920-08 

	

9 	0. 000D+00 0. 0000+00 0. 0000+00 1. 471D-07 -2. 959D-06 7. 499 0-09 

	

10 	0. 0000-+00 0. 0000+00 0. 000D+00 -4. 655D-06 -6. 9550-05 1. 3850-07 . 

	

11 	0. 0000+00 0. 0000+00 0. 0000+00  4.6550-06 -6. 7230-05 1. 7650-07 

	

12 	0. 0000+00 0. 0000-+00 0. 0000+00 5. 7620-07 -1. 5360-05 3. 805D-08 

	

13 	0. 0000+00 0. 0000+00 0. 0000+00  5.8780-09 -1. 2200-10 2. 7610-11 

	

14 	, b.•000D+00 0. 0000+00 0. 0000+00 -8. 8260-08 1. 340 0-05 -3. 1270-08 

	

15 	0. 000D+00 0:0000+00 0. 0000+00 2. 6570-10 -3. 283D-10 -.1. 991D-12 ----  

	

16 	0. 0000+00 0. 0000+00 0. 0000+00  3.4580-07 6. 9880-05 -1. 5920-07 

	

17 	0. 0000+00 0. 0000+00 0. 0000-+00 -2.6020-09 -9.6710-11 -1. 1880-11 

	

1 	0. 0000+00 0. 0000+00 0. 0000+00 0. 000 0+00 0. 000D+00 O. 000)1+00 
0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

3 	0. 0000+00 0. 0000÷00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	4. 930D-08 -2. 751 0-06 -1. 4710-07 4.6550-06 -4. 6550-06 -5. 7620-07 

	

5 	-1. 343D-10 -8. 131 0-07 2. 959D-06 6.9550-0 .5 6. 7230-05 1. 5360-05 

	

6 	2. 295D-10 -1. 092D-08 -7. 4990-09 -1.3850-07 -1. 765D-07 -3. 8050-08 

	

7 	0. 000D+00 -3. 9270-10 1. 416D-09 3. 3290-08 3. 2170-08 7. 3500-09 

	

a 	3. 927D-10 0. 0000+00 -8. 0180-08 -1.8200-06 -1. 8320-06 -4. 147D-07 

	

9 	-1. 4160--09 8. 0180-08 0. 0000+00 -2.3300-07 3. 7740-08 -5. 3770-09 

	

10 	-3. 3290-08 1. 8200-06 2. 3300-07 0. 0000-+00 6. 1800-06 1. 0830-06 

	

11 	-3. 2170-08 1. 8320-06 -3. 7740-08  -6.1800-06 0. 000D+00 -3. 180D-07 

	

12 	-7.3500-09 4.147D-07 5.377D-09 -1.083D-06 3.180D-07 0.0000+00 

	

13 	-5. 0740-14 4. 9650-11 -1. 6870-10 -3.9730-09 -3. 8300-09 -8. 7570-10 

	

14 	6. 413D-09 -3. 5850-07 -1. 6600-08 6. 6520-07 -5. 4790-07 -6. 1790-08 

	

15 	-1. 5680-13 1. 0860-11 -7. 1640-12 -1.9420-10 -1. 5860-10 -3. 7780-11 

	

16 	3. 3440-08 -1. 8630-06 -1. 103D-07 2. 9110-06 -3. 3960-06 -4. 4541)-07 

	

17 	-4.967D-14 -1.796D-11 7.489D-11 1.7520-09 1.7030-09 3.885D-10 

ROW \ COL 13 14 	 15 _ 	16 	 17 

	

1 	0. 0000-+00 0. 000E1+00 0. 0000+00 0. 0000+00 0. 000D+00 
0. 0000+00 0. 0000-+00 0. 0000+00 0. 0000-00 0. 0000+00 

	

3 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	-5. 8780-09 8. 8260-09 -2. 6570-10 -3. 6580-07 2. 6020-09 

	

5 	1. 2200-10 -1. 3400-05 3. 2830-10 -6.9880-05 9. 6710-11 

	

6 	-2. 7610-11 3. 1270-08 -1. 9910-12 1.5920-07 1. 1880-11 

	

7 	5.0740-14 -6.4130-09 1.5680-13 -3.3440-08 4.9670-14 

	

8 	-4. 9650-11 3. 5850-07 -1. 0860-11 1.8630-06 1.7960-11 

	

9 	1. 6871)-10 1. 6600-08 7. 1640-12 1. 1030-07 -7. 4890-11 

	

10 	3. 9730-09 -6. 652D-07 1. 9420-10 -2. 9110-06 -1. 7520-09 

	

11 	3.8300-09 5. 4790-07 1. 5861)-10 3.3960-06 -1. 7030-09 

	

12 	8.7570-10 6.1790-08 3.778D-11 4.4540-07 -3.885D-10 

	

13 	0. 000D+00 7. 6450-10 -1. 841D-14 3. 9880-09 -8. 6000-15 

	

14 	-7. 645D-10 0. 000D+00 -3. 4280-11 -1.0750-07 3. 3860-10 

	

15 	1.8410-14 3.4280-11 0.0000+00 1.814D-10 -8.5410-15 

	

16 	-3. 988D-09 1. 0750-07 -1. 8140-10 0.0000+00 1. 765D-09 
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ROW \ COL 13 	 14 	 15 	 16 	 17 

17 	8.600D-15 -3.386D-1O 8. 541D-15 -1.765D-09  O. 000D+00 
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I 
.*** RETAINED MODAL ANGULAR MOMENTUM MATR IX FOR  4-AXIS *** 

ROW \ COL 1 	 2 	 3 	 4 	 • 5 	 6 

	

1 	0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 
II 	2 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 3   

0. 0000+00 0. 0000+00 0. 000D+00 0.0000+00 0. 0000+00 0. 0000+00 

	

4 	0. 0000+00 0. 0000+00 0. 000D+00 0. 0000+00 5. 948 0-05 -4. 7470-05 
50. 0000+00 0. 0000+00 0. 0000+00 -5. 9480-05 0. 0000+00 5. 101D-05 

	

6 	0. 0000+00 0. 0000+00 0. 000D+00  4.7470-05 -5. 181D-05 1. 3230-23 

	

7 	0. 000D+00 0. 0000+00 0. 0000+00 3. 5100-07 -4. 1760-07 2. 7460-08 
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9 	
0. 0000+00 0, 0000+00 0. 0000+00 1. 587D-06 4. 703 0-07 -1. 758D-06 
0. 0000+00 0. 000D+00 0. 0000+00 3.7890-05 -4. 331D-05 - 1. 5610-06 - 

	

10 	0. 0000+00 0. 0000+00 0. 0000+00 -3. 1830-06 -3. 961 0-05 3. 4380-05 

	

11 	0.0000+00 0. 0000+00 0. 0000+00 5.7451)-06 -4. 218D-05 2. 866D-05 
I • 	120. 0000+00 0. 0000+00 0. 0000+00 -2. 1320-05 1. 4960-05 -6. 6320-06-- 

	

13 	9. 0000+00 0. 0000+00 0. 0000+00 3.8620-07 -4. 2130-07 -1. 4990-10 

	

14 	-0 . 0000+00 0. 0000+00 0. 0000+00 1. 957 0-08 7. 6600-06 -6. 1300-06 

160. 0000+00 0. 000D+00 0. 000D+00. 5. 764D-07 3. 9950-05 -3. 2380-05 

	

15 	0.0000+00 0. 0000+00 0.0000+00 2.6220-07 -2. 886D-07 - t. 900D-09--  

	

17 	0. 0000+00 0. 0000+00 0. 0000+00 -4.2400-07 4. 6490-07 -1. 6820-09 
_ 	- 

ROW \ COL 7 8 	 9 	 10 	 11 	- 	12 

	

1 	0. 040D+00 0. 0000+00 0. 0000+00 0.0000+00 0. 0000+007 0.  000n+00' 
0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

3 	0. 0000+00 0. 0000+00 0. 0000--00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	-3.510D-07 -1.5870-06 -3.789D-05 3.183D-06 -5.745D-06 2.1320-05 

	

5 	4. 1768-07 -4. 703D-07 4. 3310-05 3.9610-05 4. 2180-05 -1. 4960-05 

	

6 	-2. 7468-08 1. 7580-06 -1. 5610-06 -3. 438D-05 -2. 8660-05 -6. 632D-06 

	

7 	-1. 2920-26 1.3920-08 1. 037D-08 -2. 561D-07 -2. 0860--07 --6. 1380-08 

	

8 	-1. 3920-08 3. 74130-25 -1. 4550-06 	032D-06 -1. 1710-06 5. 677D-07 

	

9 	-1. 0370-08 1. 4550-06 0. 0000+00 -2.7550-05 -2. 2690-05 -5. 9950-06 

	

10 	2. 5610-07 1. 0320-06 2. 7550-05 2.5150-22 6. 083D-06 -1. 500D-05 	• 

	

11 	2.0840-07 1. 171D-06 2. 269D-05 -6.0830-06 0.0000+00 -1. 3670-05 

	

12 	6. 138D-08 -5. 6770-07 5. 9950-06 1. 5000-05 1. 3670-05 2. 1180-22 

	

13 	-2. 2450-10 1. 4300-08 -1. 2820-08 -2.7970-07 -2. 3320-07•-5. 3890-08 

	

14 	-4. 5340-08 -2. 0430-07 -4. 894D-06 3. 9690-07 -7. 5380-07 2. 7500-06 

	

15 	-1. 3760-10 9. 7740-09 -7. 1060-09 -1. 9000-07 -1. 581D-07 -3. 7490-08 

	

16 	-2. 398D-07 -1. 061 0-06 -2. 5870-05 1. 754D-06 -4. 2670-06 1. 4460-05 

	

17 	2. 328D-10 -1. 5768-08 1. 2600-08 3. 0720-07 2. 5580-07 5. 9990-08 

ROW \ COL 13 14 	 15 	 16 	 17 	• 

	

1 	0. 0000+00 0. 0000+00 0. 0000+00  0.0000+00 0. 000D+00 
0. 0000--00 0. 0000+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

3 	0. 0000+00 0. 000D+00 0. 0000+00 0. 0000+00 0. 0000+00 

	

4 	-3. 8620-07 -1. 9570-013 -2. 622D-07 -5. 7640-07 4. 240 0-07 

	

5 	4. 2130-07 -7. 6600-06 2. 8868-07 -3. 9950-05 -4. 6490-07 

	

6 	1.4990-10 6. 1300-06 -1. 9000-09 3.2380-05 1.6920-09 

	

7 	2. 245D-10 4. 5340-08 1. 3760-10 2. 3980-07 -2. 3280-10 

	

a 	-1. 4300-08 2. 043D-07 -9. 7740-09 1.0610-06 1. 5760-08 

	

9 	1. 282D-08 4. 894D-06 7. 10 68-09 2.5870-05 -1.2600-08 

	

10 	2. 797D-07 -3. 969D-07 1. 9000-07 -1. 7540-06 -3. 0720-07 

	

11 	2. 3320-07 7. 538D-07 1. 581D-07 4. 2670-06 -2. 5580-07 

	

12 	5. 3890-08 -2. 750D-06 3. 7490-08 -1. 4460-05 -5. 999D-08 

	

13 	3.2310-27 4. 9870-08 -1. 6290-11 2.6340-07 1. 5020-11 

	

14 	-4. 9B7D-08 0. 000D+00 -3. 3860-08 -6.  1080-08 5. 4750-08 

	

15 	1. 629D-11 3. 3860-08  1.0100-28 1.7890-07 -7. 6820-12 

	

16 	-2. 6340-07 6. 108D-08 -1. 7890-07 1.3230-23 2. 892D-07 
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ROW \ COL 13 	14 	15 	- - 16 	. 17 

17 	-1.502D-11 -5.475D-08 7.682D-12 -2.892D-07 0.0001)+00 



1 

1 
1 
1 

1  

1 

• 
fu  

•**-it. RETAINED MODAL CONTROL DISTRIBUTION MATRIX 

ROW \ COL 1 	 2 	 3 	 4 	 5 	 ,e) 

1 	2. 641D-02 0. 000D+00 0. 000D+00 0. 000D+00 0. 00011+00 0. 000D+00 

	

2 	0. 000D+00 2. 641D-02 0. 000D+00 0. 000D+00 0. 000D+00 0. 000D+00 

	

3 	0. 000D+00 0. 000D+00 2. 641D-02 O. 000D+00 0. 000D+00 0. 000D+00 

	

4 	0. 000D+00 1. 340D-02 2. 399D-20 9. 680D-03 0. 000D+00 0. 000D+00 

	

5 	-1. 474D-02 -1. 221D-05 5. 824D-05 -8. 81813-06 1. 064D-02 0. 000D+00 

	

6 	3. 394D-05 1. 600D-05 -1. 341D-07 4. 502D-05 -2. 451D-05 8. 469D-03 

	

7 	-9. 998D-06 -3. 310D-07 6. 147D-03 a 401D-09 5. 094D-06 6. 791D-05 

	

8 	-5. 729D-03 1. 622D-04 -4. 600D-06 7. 663D-05 -2. 842D-04 -1. 358D-07 

	

9 	1. 518D-05 -4. 203D-04 -1. 012D-04 -2. 780D-04 -1. 519D-05 6. 765D-03 

	

10 	-1. 099D-03 -9. 009D-03 8. 773D-06 -6. 535D-03 4. 809D-04 -8. 860D-05 
11 	1. 057D-03 -8. 724D-03 1. 432D-05 -6. 316D-03 -4. 809D-04 5. 472D-04 

	

12 	1. 391D-04 -1. 971D-03 -8. 362D-05 -1. 443D-03 -5. 953D-05 -3. 874D-03 

	

13 	8. 272D-07 -3. 806D-07 -4. 659D-04 -1. 096D-08 -6. 073D-07 6. 850D-05 

	

14 	-3. 155D-05 1. 730D-03 -1. 176D-07 1. 259D-03 9. 118D-06 1. 262D-05 

	

15 	•- 	468D-08 -2. 888D-07 8. 494D-05 .  -3. 082D-08  -2.745D-08 • 4. 689D-05 

	

16 	9. 489D-05 9. 009D-03 -2. 626D-07 6. 566D-03 -3. 779D-05 6. 535D-05 

	

17 	-4. 485D-07 3.  984D-07 7. 187D-06 -9. 309D-09 2. 688D-07 -7. 560D-05 

*** 
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useful for control system design in such cases. For accurate simulations, 

however, all couplings should be included. 

9. 	NUMERICAL DATA 

A set of numerical data has been prepared for MSAT in the 
form described in the preceding sections. It is not the purpose of this 

report, however, to explain how this data was obtained —only to present 

it clearly so that simulation can proceed. This model will be called the 

MARK I  model because it is anticipated that future improvements in it will 

be made, especially as better substructural models become available. 

The MARK I data is presented in four appendices, as follows: 

• Appendix A: 	Design Model — System Matrices 

• Appendix B: 	Design Model — Transfer Function Matrices 

• Appendix C: 	Evaluation Model — System Matrices 

e Appendix D: 	Evaluation Model — Transfer Function Matrices 

The idea is that a relatively low-order model (4 flexible modes) will do 

for control system design, but that a higher-order model (11 flexible modes) 
is required for control system evaluation. 
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a = 1,..,11 

MSAT DYNAMICS MODEL  

MARK I 

(EVALUATION MODEL: Ne  . 11) 

Transfer Function Matrices 
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1 
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-I -1 rx  
——C  
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e
T 

e
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—wa 	-0 a 

L K 
_fu  a  j 
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INERTIA MATRIX I 

1. 0670+04 8. 8420+00 -5. 6710+01 
8. 8420+00 8. 8270+03 2. 5500+01 

-5.6710+01 2.5500+01 	1.3940+04 

INVERSE OF INERTIA MATRIX I 

- 9. 370D-05 -9. 495D-08 3. 813D-07 
-9. 495D-08 -i. 133D-04 -2. 076D-07 
3..813D-07 -2. 0760-07 7. 172D-05 

RC - POSITICN OF MASS CENTER RELATIVE. 70 OB 

5. 4710-03  0.0001)400 1. 3850+00 

THE MATR I X PRODUCT - I**-1 Reii*X 

1. 3150-07 	1. 297D-04 -5. 1950-10 
-1. 5690-04 -1. 3030-07 6. 198D-07 

2. 8740-07 1. 355D-07 -1. 1360-09 



FLEXIBLE MODE: ALPHA = 1 

OMEGA = 1.140D+00 RAD/SEC 
1 

ZETA = 5.134D-03 
1 

T 	
._. 	_ 	.. 

T 	« 	- 
E 	 E 
W1 	 THETA? 

-9.998D-06 -3.310D-07 6.147D-03 	9.401D-09 5.094D-06 6.791D-05 

F1 	 01 
_ 

	

-8.299D-14 -2.781D-15-5.164D-11 	7.0571)-17 4.279D-14 5.7051)-13 

	

-5.093D-11 -1.696D-12 	3.131D-09 	4.279D-14 	2.594D-11 	3.4591)-10 

	

-6.799D-10 -2.248D-11 	4.174D-07 	5.705D-13 	3.459D-/0 4.6.11D-09 
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W2 

1. 622D-04 -4. 600D-06 	7. 663D-05 -2. 842D-04 -1. 358D-07 

• 	 j 

F2 	 02 

T 	• 

THETA2 

-5.729D-03 

FLEX-II-4LE MODE: ALPHA = 2 

OMEGA = 1.1551)+00 RAD/SEC 
2 

ZETA = 5.134D-03 
2 

-4. 390D-07 	1..243D-08 -3. 525D-10 

1. 628D-06 -4. 610D-08 - 1. 307D-09 

-  '7.779D-1O -2.203D-11 	6. 246D-13 

5. 873D-09 -2. 178D-08 -1. 04 113-11 

-2. 178D-08 8. 076D-08 3. 859D-11 

-1. 041D-11 3. 859D-11 1. 844D-14 
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FLEXIBLE MODE: ALPHA = 3 

OMEGA = 1.5130+00 RAD/SEC 

ZETA = 6.3480-03 
.3 

T . . . .. 	 _ 

E 	 E 
W3 	 THETA3 

1. 518D-05 -4. 203D-04 -1. 012D-04 	-2. 7800-04 -1. 519D-05 6. 765D-03 

F3 . 	 03 

-4.219D-09 1. 169D-07 2_ 813D-08 
-2. 306D-10 6. 386D-09 1. 537D-09 
- 1. 027D-07 -2. 843D-06 -6. 843D-07 

7. 730D-08 4.  224D-09 -1. 8810-06 
4.2240-09 2.3090-10 -1.0280-07 

-1. 8810-06 -1. 028D-07 4. 5760-05 
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FLEXIBLE MODE: ALPHA . 4 

OMEGA = 1.582D+00 RAD/SEC 
4 

ZETA =  5. 921D-03 
4 

W4 

-1. 099D-03 -9. 009D-03 8. 773D-06 

F4 

THETA4 

-6. 535D-03 4. 809D-04 -8. 860D-05 

G4 

7. 180D-06 5. 887D-05 - -5: 733D-08 
-5. 285D-07 -4. 333D-06 4. 219D-09 

- 9. 736D-08 7. 982D-07 -7. 773D-10 

4. 270D-05 -3. 143D-06 
-3. 143D-06 2. 313D-07 

5. 790D-07 -4. 261D-98  

5. 790D-07 
-4. 261D-08 

7. 850D-09 



W5 THETA5 

F5 . 05 

FLEXIBLE MODE:  ALPHA = 5 

OMEGA = 1.608D+00 RAD/SEC 
5 

ZETA = 5. 868D-03 

1. 057D-03 -8. 724D-03 1. 432D-05 	-6. 316D-03 -4. 809D-04 5. 472D-04 

-6. 678D-06 5. 510D-05 -- -9. 042D-08 
-5. 084D-07 4. 195D-06 -6.  884D-09 

5. 785D-07 	774D-06 • '7. 834D-09 

3. 989D-05 3. 037D-06 -3.  456D-06 
 3. 037D-06 2. 313D-07 -2. 631D-07 

-3. 456D-06 -2. 631D-07 2. ?94D-07 



FLEXIBLE MODE: ALPHA = 6 

OMEGA = 1. 614D+00 R AD/SEC 
6 

ZETA = 5.480D-03 
6 

É 
W6 

E 
THETA6 

1.391D-04 -1.9711)-03 -8.3621)-05 	-1.4431)-03 -5.9531)-05 -3.8741)-03  
I .  

F6 .  

-2. 007D-07 	2. 8451)-06 - - -1. 207 1)-07 
- B. 27913-09 	1. 173 1)-07 4. 977D-09 
- 5. 38813-07 7. 636D-06 3. 2391)-07 

, 
 
06  

	

2. 0831)-06 	8.  5901)-08 	5. 59113-06 

	

8. 59013-08 	3. 54313-09 	2. 30613-07 

	

5. 591D-06 	2. 30613-07 	1. 50113-05 
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FLEXIBLE MODE: ALPHA = 7 

OMEGA = 2. 187D+00 RAD/SEC 
7 

ZETA = 5. 0011Y-03 
7 

T
._........., 	. 	 . 	. 	. 	T 	..... 	... 

E 	. 	 E 
W7 	 THETA7 

8. 272D-07 -3. 806D-07 -4. 659D-04 	-1. 096D-08 -6. 073D-07 6. 850D-05 

F7 	 07 

-9. 068D-15 4.  173D-15'S. 108D-12 
-5.023D-13 2.311D-13 2.829D-1O 
5. 666D-11 -2. 607D-11 -3. 191D-08 

1. 202D-16 6. 657D-15 -7. 509D-13 
6. 657D-15 3. 688D-13 -4. 160D-11 

-7. 50913-13 -4. 16013-11 	4. 6,92D-09 
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FLEXIBLE MODE: ALPHA = 8 

OMEGA =  2.3180+00 RAD/SEC 
8 

ZETA = 5. 0310-03 
8 

T 	• - 
E 

THETAS 

-3. 155D-05 	1.7300-03 -1. 1760-07 	 1.2590-03 9.1180-06 1.2620-05 . 

FS 	 08 

	

-3. 9720-08 2. 178D-06 ----1. 4810-10 	 1. 5850-06 	1. 1480-08 	1. 589D-08 

	

-2.8760-10 	1.5770-08 -1.073D-12 	 1.148D-08 8.3140-il 	1.151D-10 

	

-3. 9810-10 	2. 1830-08 -1. 485D-12 	 1. 5890-08 	1. 15101-10 	1. 5930-10 

T 	• 

W8 



FLEXIBLE MODE: ALPHA = 9 

OMEOA = 2.320D+00 RAD/SEC 
9 	- 

ZETA = 5. 000D-03 
9 

E 	 E 
W9 	 THETA9 

-1. 468D-08 -2. 888D-07 S. 494D-05 	-3. 082D-08 -2. 745D-08 4. 689D-05 

F9 	 09 

	

4. 523D-16 8. 902D-15 -2. 618D-12 	 9. 499D-16 B. 4-60D-16 -1. 445D-12 

	

4. 029D-16 7. 928D-15 -2. 332D-12 	 8. 460D-16 7. 535D-16 -1. 287D-12 
-6. 882D-13 -1. 354D-11 	3. 983D-09 	-1. 445D-12 -1. 287D-1/2 2. 199D-09 
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FLEXIBLE MODE: ALPHA = 10 

OME6A = 2.366D+00 RAD/SEC 
10 

ZETA = 5. 8440-03 

10 

• 	T 	
. 	__ 	_. 	 . • 

E 	 E 

W10 	 . 	 THETA I 0 

9. 489D-05 9. 009D-03 -2. 626D-07 	6. 566D-03 -3. 779D-05 6. 535D-05 

F10" 

6. 230D-07 5.  915D-05--1.  725D-09 

-3. 586D-09 404D-07 9. 925D-12 

- 

 

	

6.201D-09 	5.8870-07 -1.716D-11  

• 010 

4. 3110-05 -2. 4810-07 4. 2910-07 

-2. 4810-07 1. 4280-09 -2. 470D-09 

4. 2910-07 -2. 470D-09 4. 2710-09 
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FLEXIBLE MODE: ALPHA = 11 

OMEGA = 2. 587D+00 RAD/SEC 
11 

ZETA = 5. 000D-03 
11 	- 

T • 	• 	- 	 T 	
... 	.... 

E 	 E 
W11 	 THETA11 

—4. 485D-07 3. 884D-07 7. 187D-06 	—9. 309D-09 2. 6B8D-07 —7. 560D-05 

Fil 	 s..011 

4. 175D-15 —3. 616D-15 ----6. 690D-14 

	

—1.206D-13 	1.044D-13 	1.932D-12 
- 

 

	

3.391D-11 	937D-11 —5.433D-1O 

8. 665D-17 —2. 503D-15 7. 037D-13 
—2. 503D-15 7. 228D-14 —2. 032D-11. 
7. 037D-13 —2. 032D-1,1 -  5. 7,15D709 
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No. 1137 LOWE-MARTIN 

CACC/CCAC 

11111 

Fr  
HUGHES, P. C. 
--Structural dynamics model for 

MSAT (Jnark 1) 

91 
C655 
H835 
1983 

DATE 	E 
DATEDERETOUR 

1 1 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I  


