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PREFACE

This technical memo is intended to present the research
completed by Dr. D. Ceballos currently working for Spar
on visit from INPE.
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INTRODUCTION

Problems associated with the dynamics and control of

satellite systems can be divided into two intimately

related broad classes, the first involving modelling
and the second, computational aspects.

The modelling problems arise from the fact that for
complicated structures, the dynamic characteristics such

as the S/C natural frequencies and modes, cannot be
determined with the same accuracy as for simple structures
(such as uniform beams or membranes) since numerical analysis
technigques must be used due to the absence of a closed form
solution to the eigenvalue problem. Truncation, implied by
the use of numerical analysis techniques has a profound
effect on the computed natural modes particularly on the
higher ones, so that one must distinguish between computed
and actual natural frequencies and modes. Because computed
lower modes tend to approach the actual ones as the order

of the mathematical model is increased, it follows that a
good simulation must be of sufficiently high order to permit
accurate determination of the S/C modes to be controlled.

The second class of problems arises because of the
computational difficulties inherent in the application of various
control algorithms to higher order systems.

The numer ial values (parameters for a specific 5/C)
required for the dynamic model for complex S/C normally
cannot be obtained in laboratory tests. Sufficient
approximations of these values can be obtained in the use
of finite element techniques (such as NASTRAN).

The objective of this report is to present a generalized
dynamic model of a spin-stabilized S/C with flexible
appendages. A simple idealized S/C is considered as an
example.
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GENERALIZED STATE COORDINATE MODEL

General Considerations

Consider a flexible spinning body (see fig. 2-1) consisting

of a central rigid body (CR), a spinning rigid rotor (SR)
and a number of elastic appendages (EA).

For simplicity, we focus attention on a single generalized
flexible appendage, however, all appendages can be included
by summation.

The Lagrange's equations of motion for the n-generalized

coordinates Qg (Kal,a,.“n) can be written in the
matrix form.
d 1oL |-|2L [= (@1 «(2,1) where L=T-U (2.2)
dt|2q 0q
k k

Where g, are the generalized coordinates, T and V are the
kinetic and potential energiles respectively and Qx are the
non-potential forces.

The generalized coordinate may be subsidived into 9 =19
T

q
a .R

Where the q; vector contains three generalized q
coordinates related with the translational motion of E

coordinate systems, the Sa_vector contains three generalized
coordinates related with the rotational motion of coordinate

systems and Q; is a generalized coordinate vector related
with the elastic modes.

We have q =|«x (2.4) , 3 =B =g« (2.5)
T |y R By
2 Bz
ang 8 = 0 =|wy (2.8>
wy
w2

where the rotor revolves about the B-axis.

oot
SPAR
v g

(2.3
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2.1 (cont'd)

The generalized position of the spacecraft can be defined by

P=20+P +Xq (2.7)
S i E}

where O is the coordinate system origin, Ps 1is the
coordinate of the point P in the spacecraft and Xi is the
displacement of P due to the generalized coordinate Jer
corresponding to the ith elastic mode.

The velocity of the point P is defined by

d(P) =g+ Xq +wxlP + Xq 1 (2.8)
d¢ T i Ei S i Fi
\ « - »
or dP. = q + X q - Pw-XWw4q (2.9)
at T i Ei S 1 4
» Y4 x 2 y
Pe = 0 -P P (2.10) X = 0 - X X (2.11)
S S i i i
z X Z x
P 0 -F X 0 -x
S S i 1
[Y e v X
- P 0 =X X 0
S 3 i 1

The kinetic energy can now be written as:

. . $. - T . . *, .
T =1 g +Xq —-P8-Xx8Bg 1 [q +Xq —-P 8- XxB8q Jdm
2 T 1 Ei S i Ei T J Es S J g3
SPMECRAFT
R . R 2
+InNne +11I 0 (2.12)
2 z 2 Z

where N represents the angular velocity of the spinning
section.
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2.1 (cont'q) - ~
. T » &~ ‘ ¥ .
or T = _[_ q_r 3 4 _PS XJ' ‘x) dm . qT
2 S P: -p: P P;XJ ‘P:XJ: S
L ] T ‘ . T 1)
e X{ “XiPs ~XTXj =X{'X; Qe
SETH Xi =X Py XK XX ©9¢;
_JSpacecroF‘t )
R R 2
t+ T 0wy, +3I,0  (2.n)
e R T i 1 FTo0w, + L1R0™
or T JS. S+ ¢ ™, ™My m.lil ml}a ‘1 8+ 2 Wz lIZ'IL
&) May Mo WY,'I." mi?’ =
. h { \ \ -
de; My Man My M| | Qe (21v)
Saeil UMy My Mma My 169,
where m, = [1]m (2.15)

My, = W\.: = P:dm (2.1¢)
_ 'T ; SPACQCRAFT
[m;\J Ty 7 E Xdm (a3)
. T FLExIRLE RPPEMDRGE
My, = [H\:u] = stdm (2.18)

TLexiBLE APPENDLAGE

M., = J“P;P:dn') (2.19)
SPACECRAFT
S L *
[m'n] My = Ps X dm (1.20)

FLex8ls APPSVDAG G

11598
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2.1 (cont'd)

t T »_ ¥
My (M) 2 J—xir’sm (2.21)
i FlLewalE RAPCNDOAGE
YY\J=JX X jdm (1.a2)

FLOWBLE APPENPAGE

My = ”] Jx X; den (2.23)

FLG.X\BLS APPENDAGE
m“ —xlx-, dm (224)
FIEX|RLE RPPENDAGE

The potential energy can arise from various sources, such as
gravity and body elasticity. The potential energy of the
elastic spacecraft can be simplified to a form due entirely
from elastic effects (since the elastic potential is
dominant) and can be written in the general form as:

V= %QE;EIJ’QEJ (2:25)

wheve K * Jx AoX;dD +fx-fAsxde (2.36)
¢

FLEXIBLE APPENDAGE LEXIRLE APPENDAGK

Where D represents the integration domain and S its
boundaries, A; and A, are positive-symmetric energy
matrices.

The derivation of the global dynamic equation is easy

but tedious work. This derivation would evolve simply

by the direct application of the Lagranglan equation,
however, the model derived in this form would be difficult
to handle.

The generalized model must be manageable otherwise it would
not have many applications. Normally, only parts of the
generalized model are used. The generalized model is derived
in steps, starting by creating a linear attitude model and
then including the translation coordinates and coupling
effects.

1568
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FIGURE 2.1 DUAL SPIN SPACECRAFT WITH FLEXIBLE APPENDAGES

1598
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2.2 Basic Attitude Model

The translational and elastic displacement effects and
a point P, velocity are not included at this stage for
the basic model.

The Lagrangian equation is then

- N L AT . (- | e
Losie =70 MO +30 M Qe * 3 Qe:M:.08 + _).qEEMBJZ',qE' —
ATTi TwOR + ltﬂe +-'~I‘_():~—'— K )
? LRSS 19a:%)9¢; (2.23)

The Langrange's equation (Eq 2.1) for © applied to the
Lagrangian equation (2.27) result in,

ve Py Py z N Py . .
M, 6 +9*mne *Iz D_G‘\, +M;BQEI + e*mxlzc}e'\ :Qx (1,18)
__-(z_ex
Q.

where

®

Q = ? -0z @y (2‘19)
82 O "’ex
and —67 Qx o

— . C‘réi

) e LIPS I . [ CAl
mB’)3Q€j +8 nh{*ﬂs] +K‘)QE)+ M3 © e*mne Ry (2130)

We have an additional relationship associated with
coupling torgue:

IZ(&)-@“Q) =T (23)

where T is the torque magnitude applied to the rotor axis.
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Basic Translation and Attitude Model

The Lagrangian of the translation and attitude model
will include the following translational terms:

Ly = —‘ic.’l:man (.32
AT <o’ .
La= —ie ml\qT qumnxe (233)

* i . | T Jd
L3| = thlml(qTﬁ_—iqungj (1.3"1)

Using the Lagrangian defined by egn 2.27, we can define
a new Lagrangian by

L gasic ammiuog = qugc + L.,“‘L;““' L3| (1.35)
4 TRANSLATION ATT I TUDE

and applying the Lagrange's equation (Egn 2.1) for
to the new Lagrangian (2.35) results to the following:

-

.o - q
My ‘*‘@*IY\\,QT“' P::T*p:uT = Q, (}36)

AT
where the p:‘;’ and Ps, terms are due to the
contribution of the Ly, and L3 terms respectively
(egn 2.35).

q

P, = mué + .@*!Y\n_é (1.33)

ar

- Coee % S
Py *Magg™ Q@ My Qe (2:38)
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2.3 (cont'd)

Applying Lagrange's equation (2.1) for © to the
Lagrangian (egn. 2.35) similarly results to equation 2.28
with an additional termef’al associated with L, added
to the left hand side.®fy, is given as follows:

paenz mllaw -"'é*mllé[T (1-393

We also have
© e
pll = O Jﬂd p3, = O

Applying Lagrange's equation (2.1) for Q9g; to the
Lagrangian (eqn 2.35) similarly results to equation 2.30
with an additional term Rﬁﬁt . associated with L5, added
to the left hand side. Py¢  is given as follows,

e L

p3l :MBIaT + é*rﬂ;\(‘qw (Q‘\'O)

We also have p:e; =Q apnd p:‘fi =0 .

11598
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2.4
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Inclusion of Elastic Displacement Effect on the
Point P Velocity

The term (=X % ) found in equation 2.9 represents
the effect of displacement Qg on the point P
velocity of the spacecraft. In the kinetic energy
expression (2.14), this term is weighted by the elements
found in the fourth row of matrix m (egn. 2.14) and the
corresponding transposes,

{ \ ¢ 3
nﬂﬁ) ,ﬂ\& )rﬂkl »n\aw hus ﬂ\xq ;n\b\

The Lagrangian's corresponding to the above elements
(submatrices) are given by,

g%.e*m;‘c‘% M ;qrmmq e (291)

Ly -g_qs.‘éTmt,;S + _:i@ mlj%je (2 u))

i S
Las * ‘lS.QEL@ mHBQE‘ - Qﬂc m3u Eje (1 .43)

&q‘a quc (L NY)
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2.4.1 The Contribution of the L41 Term

Applying the Lagrange's eguation (2.1) for © to the
Lagrangian (egn 2.41) Ly, results to:

o s NS '\ .- * % U
Po T qeiMuqs T qeMy gy * 870aMy 07 (2ys)

Similarly, by applying Lagrange's equation (2.1) for
Qet and then for q; to Ly, results to the

following equations resp.:

Qe T t -

Py = —© My 9y | for Qe (246 )

and

O~

©

Al i
SPAR
Ve 4

v ¢ oc e N
w m\\wecﬁel T MG Qge; + 8 mme%si T
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.2

The Contribution of the L42 Term
Applying the Lagrange's equation (2.1) for & to
the Lagrangian (egn. 2.42) (,, ~Yesults to:

e v~ N kLS
P Mubqe = MyOqe; + O My,Bqea (ve)
Similarly, by applying Lagrange's equation (2.1)

for Q9ei and then for 9+ to L4y results to the
following equations, resp. -

Jel _ Tl &
ond

Ar
Ph=C o o~ (21.50)
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2.4.3 The Contribution of the L43 Term

Simi_larly, as obtained in the previous section, the
applciation of Lagrange's equation (2.1) for & , qu
and Q4 to the Lagrangian L 43 result to:

o i+ - & - e :

Pi3 2MeQei9e; v W\ujscﬁelqg + 6 mt}zﬂeaq‘sj yfor @ (x51)
9ei _ ty - ot IS

‘p% :msqeolgj + em?ieqej I{of Q| (x.52)

snd Pl 20, Brogy (152)

1598
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2

.4.

4 The Contribution of the L44 Term

The application of the Lagrange's eguation (2.1)
for © 19 el and q+ to the Lagrangian L44 result to:

. Az oA S*ml e

P = M&mquq&j N lm(oieqaqu * O m"{’eq“qej
~éTm§dé%%5 for € (asy)

ag; ‘ S

Poi ® =8 My Oqa L fr qe (355)

and PL?JEO for q; (rs¢)
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THE NUMERICAL MODELLING AND SIMULATION OF A SIMPLE
IDEALIZED SPACECRAFT

A realistic numerical model for the M-SAT satellite

is impossible to obtain at this point due to insufficient
information. An idealized vehicle is devised to permit
preliminary analysis. Simulations are realized to
provide a preliminary feeling about the interaction
between rotation and elasticity.

Only attitude motion, small © and constant rotation

of the spinning section are considered for the simplified
idealized model. Two dipole-like elementary elastic
appendages are considered for the model.

Linear Time Invariant Attitude Dynamic Mocdel

Considering attitude moticn only, small € , constant
angular velocity {L of spinning body, the non-potential
forces Q, and Qs are given by:

W, =B 5 (31)
Q@ = ‘320\53 + B (3.2)

where u is the control vector. The linear time invariant
model can be given by:

s ¢ s N -
M8 > M9 Y 9,68 7 Bow |, (3.3)

- .- Lj-' L. € {
M3, 8 + M QGj+%‘é<ﬁEj *K‘Equ = Bew (3.9)

R
- I Q NI O )
wheee Qg ATl oz N y (3.5)
O O Q

Or in another form, the model can be given by,
m§+gq -+ kq = Bu ) (3.6)

Equation 3.6 represents the equation of motion for our
simplified vehicle where ™M, g, k represent the mass, damping
and stiffness matrices respectively.
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3.1 (cont'd)
)
Where m = m::n m;a (3.7)
m':z m,d
g = |Gre © (3.8)
o 5
k =0 O (3.9)
o kg
B = B_Q (3.10)
Re

The modal coordinates associated with cantelevered
elastic appendages are often used in hybrid coordinate
models. The equations of motion for elastic appendages
can be written as,

i‘

[Néﬂ;%€+[9!]qE *[KQJQE = [Ba]u (30
>lso )[(,32] I‘S giuey"\ lot,l,
[9?] - ;Ca[m?s]yq [s%:] - [W\;f] & (3.12)

where oO¢; 1is an undamped elastic vibration mode and

C3 1is a damping coefficient.

The kgl submatrix can be decoupled by performing
the following transformation.

1598
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3.1

(cont'd)

p::: [mlz.ja]PE =1 ;o (3.a3)
pQT[Ké)]PE = Dl.&g[o-eli] 3 (3.14)
pg[%ié ] e = 1Ca-D®3 [Ge:] 5 (3.1S)

Where Pg can be obtained by solving the eigenvalue
problem for the undamped system,

[[KQ]‘ séz[mii]]w =Q 5 (3.a6)
And

Pe = [w, ,was. .. ,wU]*N ; (343)

where (Ox are the eigenvectors and N is the diagonal matrix
defined by

Nii = wi;y" y (3a8)

h g
e W = [(AJL]T‘[MB]UJI y  (349)

The eigenvalues eguations can be solved by computer
program. The hybrid coordinate system derived from the
linear time invariant model equations 3.3 through 3.5
using the abovementioned transformations can be shown
to be:

MO + Mysa =+ %Rne TRLow 5 (3.20)

where .47 1s the modal coordinate and the modified
matrices are defined as follows:

(ML) = (il = ol [mi] 5 Gay

snd [Bel=pl[BS] 5 (399

T J Zpdont-
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FIGURE 3-1 IDEALIZED SPACECRAFT

O O

:

(

)

Figure 3-2 Two Nodes Figure 3-3 First Mode Shape

Y

Figure 3-4 Second Mode Shape

1158 8
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.2

Linear Model for the Idealized Spacecraft

The objective of this section is to define the

values for the numerical parameters to be used in the
preliminary digital simulations. A simple idealized
spacecraft illustrated in Fig. 3-1 is devised to
permit a physically meaningful analysis.

The idealized spacecraft includes two elastic

appendages attached to a rigid body. The rigid body

is attached to a rigid symmetric rotor spinning at )

angular velocity. The elastic appendages each of length
g are massless except for a tip mass 'm' at each end.

Beam stiffness is chosen such that we obtain the

beams natural frequencies € and €, in the & - X and Y-X
planes respectively (see figures 3-3 and 3-4). The

free translational motion establishes some symmetrical
mode shapes with corresponding natural frequencies.
However, 1f the spscecraft body dimensions are considered
small with respect to the appendage length, these mode
shapes can be neglected. The mode shapes due only

to attitude motion are illustrated schematically in
figures 3-2 to 3-4.
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3.2 (cont'd)

Assuming that the spacecraft's dimensions are small
with respect to the appendage length L and the
coordinate system is_cent{ered on the spacecraft, the
submatrices Mjyy My My can be defined as
functions of m and L

Recalling that Equation 2-20 was used to obtain
M3y and m3yy we have,

1 T._ [ X
[msl] = Myy ° JPS X drm y (3.a4)
fleable ﬂlof;end;qc,

x ¥
For the first mode shape and the first node, Ps, » X 4q ond P, X,
are given by

N o o Q
Psi=|o o L ) (3.25)
o ~4& O
&)
Xy =10 \ (3.26)
Q
* :
af\d ps.X“ = J ‘ (3-27)
0O
_L"
X
For the first mode shape and the second node ,Psy , X,
and ps“:xu are given by
. <
Py |O O O y (3.28)
O O L
QO L O
X2 |O ;o (3-29)
-L
o

11598
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3.2 (Cont '4d)
x .
and Psz X‘l = o 5 (3.30)
o
_J:‘
1 17T L
Then [mn] Vh>.3 =AM |0 ; (3.3))
Ol.
-L

Similarly, for the second mode shape and the first node
we have:

Xy = s
A
QO

—~-0 G

(332 L P, o | s (3
|

And for the second mode shape and the second node ,

x
Xu= O | 5 (339) | P X 12 5(3.39)
0 A
L O
and
x 7 =
(ma] =ms = amo | 5 G0
g
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3.2 (Cont'd)

Equation 2.22 is used to obtain rﬂ;% )
) o T .
M3y = | X% jdm 5 (3.33)
(‘Iex;k\g spatecrac*

ﬂ11313 = Dsmj\l 5 (3-383

RS

My =My =0 5 (3.39)

=

N

11
N3z 3 (340)

The transformation matrlx L must now be obtained.
Having solved the n1n

submatrlx, we can easily obtain Pg
using equation 3.13 (since

n) is diagonal}.
P& is found to be,
|
] O . .
Pe ho L s (3.M0))
_
C A2m7 L
—_ —

And the modified mass matrices, Msy and M43 are
solved using equation 3.22, and are given by:

— 1 e
[m3\] = n\)\g :"I:zm O ? (3*11)

—_— T —_ X
[ﬂ'):;_] = My = vYam 5 (3.43)

)

P o i 4
SPAR
By
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3.4

(Cont'd)
The eguations corresponding to the previously derived
hybrid coordinate system eguations 3.20 and 3.21 are
given by:
mne + | © + ‘3;@&9 = Beuw 5 (3:49)
mh-As
i&m)\'A'
é e [ . L —
and |~Ldam Q2| * 4+ eyl ]d + [e )t = Bgru 5 (3:s)
L{wm 8y

The above equations can be rewritten in a simplified form

M7 +3r ~Kr = Bu 5 (3.40)

Where
M =13« Ty Iz O O v (3.8%)
Jyx —5\/ Jyz O G
-ij jé fyz - @]
O o Ca ! Q
O <, O Q l

where  C, = 4amh 5 (3%8) and €y T WAmeL 5 (349)
and  J, = Jz21 + Jyy , (3.50)

= Tax * T2z 5 (3.5))

o

20wk Jyy 5 (3530
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3.2 (Cont'd)
= R
=10, Tz O 1| O O y (2.53)
I QL O G 0 @)
Q G o : O O
O o O O ;\C.JG'
K = O 0.0FO Q » (3.5%)
Q QO 0:Q ©O
Q 0_0 .0 o |
O O o . O
O O O O &

And if we assume control is applied in the Q3 direction
only, without any action to the flexible appendages,

we have:
82" B . ,g C(3.59)
Be bl
O
Q

By choosing a state vector x as shown below

- «cT1T .
X = [FT,Y' ] y  (3.50
The egquation of motion can be placed in the form

)‘( = Fx 'PGL& N (\3.3;)

whare

;:! —o . E-. ’ 3 (3.58)
-mkK ,-M Db

and ‘

G=1| © ; (3.59)
B

where QO ang T 3% null ond ldeqf)‘)’\z] naticer resp.

Nns98
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3.3 Evaluation Model

A work model is used in the synthesis and the
implementation of control. An evaluation model
represents the physical system for simulations and
analyses. It is extended to include an observation
scheme and account for dynamic noise.

If dynamic noise is to be considered, the equation

of motion in state variable form (eguation 3.57) can be
extended to:

x =Fx +Gu+Lw 3 (360

where w is a gaussian noise with
E(w)=0 5 (341)
Elw:w') =Q 5 (362)

For the idealized spacecraft, we assume L = G; (3.63).
The observations can be obtained by,

NV = Hx +v 3 (2.64)

where H is the observation matrix and V is a noise vector with
zero mean, having a covariance matrix equal toR .

E(vvT) =R 5 (3.65)

For the idealized spacecraft, we observe the variable
&=z only. Therefore, the observations can be
obtained by,

\/:hlez + vV 3 (3.60)

where |\, can be simply considered as a scaling factor.

nsgs
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Having defined the state-space system, the numerical
parameters remain to be chosen. Typical parameter values
for a spacecraft similar to the Hughes HS 393 with '
Harris-like antenna reflectors are listed as follows:

a) 2100 Kg for the global weight
b) 1400 Kg for the rotor weight

c) Rigid body with a 3.6 meter diameter, 10 meter height,
50 Kg reflector mass and a spinning body rotation
frequency of .75 Hz.

d) 5 meter beam equivalent length for the reflector
e) First modal frequencies of .35 and .50 Hz.

f) Damping coefficient set.to .005.

The values of h; and b,; are chosen to be 100, 1
respectively. Q is assumed to have a typical value of
1074 and R is assumed an initial value of 107°

All assumed parameters were each varied to provide an
idea of how the variation affected the end results
(sensitivity observations). All estimated or assumed
parameters are tabulated in Tables 3-1 to 3-3.
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3.4 Control of Despun Platform

The problem considered in this section is the
control of the despun platform about the spin
axis. For this application, one possible solution
involves the use of a second order work model.

Using equations 3.58, 3.59 and 3.63, the second
order work model can be given by

Fy = lo | ’ 5 (3.67)
o O
Ly=Gy= 3 (3.48)
b /T,

v 7 lq]@_z + 5 (3.¢9)
E(\/-\/T) =R 5 (330)

Elw-wH)=Q 35 G3)

598
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If a regulator with constant gain is used, the control

is given by, R

w2 Cx 3 (331)

where

E(x) 3 (333)

X1
1

x|

[eg_ 'éz]"'.) (3-:;"‘)

The gain C is calculated considering the assumption that
the following performance index is minimized.
o0

T= \[(;*AXTMBMMJV . (3.35)
We assume ghe following
a) (F,G) controllable
b) A is semi-definite positive
c) R is definite positive
d) (F, Vﬁi) is observable

If a filter with constant gain is used, a state estimate
is given by,

A - P
s - > - bW ) 3.36
XZ X 7K (Je ~H X ey ) 0 (338)
where A
< = N ] 337
XK*I ﬂ)xk‘}' -I\Ak ) ( )
Ts

T = fm (r,,y)gdy 1 (338)

¢/
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TABLE 3-1 VALUES OF ESTIMATED PARAMETERS
TRIAL 1 2 3 4 5
Tx 8,000 8,000 8,000 8,000 8,000
Kam™
Ty 10,000 10,000 10,000 10,000 10,000
kgm
T 6,500 6,500 6,500 6,500 5,000
Kaml
Ty, Ty 0 0 0 0 0
Kgm®
JIxz | Jax 0 0 0 0 0
Kam"
Tav,Jy2 200 200 200 200 500 |
K@m" ’
!
I§ 3,000 3,000 3,000 3,000 3,000
Kgrh"
~ - ~ - -y
Q 10" 10" 10 107" 10
- 100 100 100 100 100
Cy 50 50 50 60 50
Ca ~50 ~50 -50 -60 -50
bi 1 1 1 1 1

11508
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TABLE 3-1 (cont'd)

TRIAL 1 2 3 4 5 .
Cs .005 .005 .005 .005 .005
«L .75 .75 .75 .75 .57

(hz )
64 .35 .35 .15 .35 .35
(H2)
Sa .50 .50 .20 .50 .50
(H2)
R. 1078 10~ 10" 1076 1078
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Where RK. is the state coordinate in time tx ;) M is a
state transition matrix; Ts 1is the sampling period.

The gain K is calculated the Kalman filter for the
processing of N observations.

The work model may have parameters which are similar

to the evaluation model. Identical parameters are

chosen for the idealized spacecraft model. The control
gain is obtained setting B,, = 1 without loss of
generality. The elements of matrix A should be chosen

to conform to the critical spacecraft requirements of the
despun section. For the idealized model, matrix A is
chosen to be a diagonal matrix and two sets of values

for A and control gain C are tabulated in Table 3-2.

TABLE 3-2
TRIALS All A22 Cl C2
—
1 .100E+7 .100E+7 -.100E+4 -.374E+4+04

2 .100E+5 .100E+5 -.100E+3 -.114E+04
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The values of M and I matrices found in equation 3.77

are functions of the control gain K, the dynamical
parameters F and G and the sampling period Ts. Three
different sets of filter gains are used for the idealized
model:

a) Ts = .1 with two options for control parameters
(Trial 1 & 2 of table 3-3}.

b) Ts = .4 with the first set of control parameters

(as in Trial 1) found in Trial 3 of Table 3-3.

Table 3-3 tabulates all values used (K, M, I) in the
synthesis of the idealized model.
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TABLE 3-3
TRIAL 1 2 3
Ts 0.1 0.1 0.4
Control 1 2 b
Trial
K .306E—Q2 .334E-02 .185E-02
K2 .370E-02 .491E-02 .270E-04
Mg 1. 1. 1.
M1, 0.1 0.1 0.4 |
i
le 0. 0. 0.
Ill .770E-06 .770E-06 .123E-04 ?
I1 .154E-04 -154E-04 .616E-04 1
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SIMULATION RESULTS

The plots of the simulation results are included in
Appendix A. The following plots are included for various
trials:

a) ©: - Angular Drift

b) éi - Angular Velocity

c) éx = Angular Velocity
y

d) - Angular Velocity
e) 9, - Generalized coordinate
f) 9. - Generalized coordinate

all as a function of time.

The initial conditions were chosen as 5 mrad for ©Ej4
angular drift of the despun section and 1 mrad/sec for the
angular velocities Oy , &% .

The results were obtained using values from Tables 3-1,
3-2 and 3-3. The figures are classified by the notation
Trial = {(, j, k. The first, second and third subscripts
(i, j, k) correspond to trial i from Table 3-1, Trial j
from Table 3-2 and Trial k from Table 3-3.

Plots were obtained for trials 1-1-1, 2-1-1, 3-1-1, 4-1-1,
5-1-1, 1-2~ and trial 1-1-3.

The trials were chosen to illustrate the sensitivity of the
system. Trial 2-1-1 serves to illustrate the influence
of noisy environments through the controller.

A control scheme could be chosen to minimize this effect.

Trial 4-1-1 was chosen to illustrate system sensitivity

as functions of parameters ¢, and c, (See Egn. 3.48, 3149).
The system was found to be unstable when ¢,,c, were )
increased by 20%. The designed system must be robust

for this degree of variation due to the restricted fidelity
modelling of a complex spacecraft..
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CONCLUSIONS

This work fulfills the objective of presenting a
generalized dynamical model for a spin stabilized elastic
spacecraft. The model is applied to simulate a simple
idealized spacecraft. The results show the potential of
having a destabilizing influence on the controlled system
due to appendage flexibility.

The attitude control of the elastic spacecraft is a
critical problem. 'Robustness' is illustrated to be

an important control system requirement due to truncated
coordinate in the work model with even more robustness
required due to restricted fidelity in modelling of the
evaluation model.

An analysis using simulation and numerical technigues

for determining parameter variation sensitivity and
stability analysis must be realized. Some basic technical
resources are necessary to permit the gualification and/or
design of an M-SAT-like spacecraft.

Some requirements are discussed as follows:

The generalized dynamic model presented in this work can
be used for an M-SAT-like spacecraft. To obtain the
numerical parameters requires the use of an eigenvalue/
eigenvector program, a finite element program such as
NASTRAN and complete information about the physical
characteristics of the spacecraft.

The synthesis of the control system should serve to

define important features of an M-SAT-like spacecraft

such as simplicity and reliability and provide design
flexibility and adaptability to new missions. The elastic
spacecraft control laws used do not alone necessarily
serve to establish a better solution but studies of the
current technical development in this area are also very
important for this problem.

The dynamic analysis of flexible spacecraft

involves the use of established procedures. Numerical
simulation is a good tool but does not provide information
about parameter sensitivity as the results can be dependent
on initial conditions, however, numerical simulation used
in conjunction with classical root-locus and eigenvalue
analysis should provide an efficient procedure for this
problem.




TM-115 §$X§'

= 30 =

5. APPENDIX A

SIMULATION PLOTS
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