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MODELING AND STABILIZATION OF LARGE FLEXI3LE SPACE STATIONS
By

S. S. Lim and N. U. Ahmed
University of Ottawa
Ottawa, CANADA

ABSTRACT

In this paper we present a preliminary formulation of a large space structure. The
system consists of a (rigid) massive body. which may play the role of experimental
modules located at the center of the space station and a fledble configuration,
consisting of several beams, which is rigidly attached to th: main body. The equations
that govern the motion of the complete system consist of several partial differential
cquations with boundary conditions describing the vibration of flexible components
coupled with six ordinary differential equations that describe the rotational and
{ranslational motion of the central body.

In our investigation we consider the problem of (feedback) stabilization of the system
mentioned above.

This study Is expected to provide an insight into the complexity of design énd
stabllization of aclual space stations. Some numerical results will be presented.

743

PRECEDinG PAGE BLAMNK NOT FILMED


https://core.ac.uk/display/42826296?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

MOGIQ/ /'/7; and ‘5'{-645//:‘-242‘/‘017
of Space Stations

S Lim N U Ahmed

L/m‘uerffé/o cf Ottawa,

Ottawa ) Ontario
CAUA DA

945

PRECRDING FAGE BLANK NOT {iLMED



DIATLINE

MOTIVATION
Moo’elmi of Space Stations

- Motivation

- Referene Coordinate Systems
- ZInertia 7Tensors

- E;aafz)ns of molion

Stabil; zation

- ;54626/\[/‘{7 by feedbask control
. - Localized Control
~ Other Control ( 8.8 , D Z)

WNumerical S [mudefon

~ Finite Dipference Method

Feture Directions

946



UPPER BOOM
OBSERVATORY

OBSLAVAIORY

ATTACHED PA. MONITOMING
& CONTROL FACIUTY .
S NASH SpeE STATION
p———
Space Station Baseline : _ _j LU

ORIGINAL PAGE IS
947 OF POOR QUALITY



?4-8



~_§Z-—

_ Modsl '/Q oL /.D?QC& A”éal"cbn

Three -év,oes of motion :
@) Rigid bodly translation perturbing the orbit
® K roid 50// retatisn per{’urérg tHe. orientation
(@ Vibration of elastic members

Reference Coordinate Systems

Boaéz coord. (¢, 5., Hy)
oréit Cood. S(zr,jr, “r)
Inertial coord. (. k., "z)

orbis

rqf?alar veleotres
Ws = (W, Wy, W)’
é)r:(@'wn“)z)t ’
W= Wit W, = (Q)A)z/hb)
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Inertia. Tensor

Is = Inerlia tensor of He dus

I, = Inertia tenser of the elastic members
= [ Tex =Izy -Ixa
~Iye Iyy ~Ier
~Tax "'Ii’ Iii'
where Jux = j(ﬁz‘)" 21) dm )
I,, = 5 (Zz'l' Z'z) dm,
Iez = f Clt‘f";”) dl)l)

Ix’-f Xy dm,
I‘,!é"‘fg’a' dm,
Tax = fz-x dm,
r=(%y4,2)"
I, = Is + I,
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Equations ot M:tion
t,

%) (T + W) dt =0
Y

where T = Kinetic energy of #e system,
W = Total work dowe by vhe forees

7=+ T
G o= 3 Sy F= R+ r

o~
I
< MRS
=
' 4
H
&

V = Ve + ) Total Foéat.‘/w_f energy ;
!
-
Ve = zfo EI Ry B,
V = - m‘ m'r
/ IR]
where M, = Total mass of the System
Mg = Mass op Hhe eqrth
G = Universal me‘twﬁbn/ eonstant
Notations :
Zd{_() = time derivative of () w.rt. Ipertn/ frame
(o) = {/‘me JC)‘I‘V‘{/‘U( of () Wwrt. M/ fm”e.

8 = Scalar of vetors A and 8.
@xg < Wetrr ;;:{,, A Vgc{-;r;ﬂ :’;,,{3. 9.5-/



J¥ = §R + Soxr + Ir

J@g.)= g(#) + Swxr +d0x(wxr + r) + #@-”)
i,

S\ T e = -Sfl{msfp.%z_ + Jﬂ-ﬁ(l,w)} <,
! ‘tl

o Jy
3 (& dt 47
= -2 S-S{a‘e & *Je'(’?"?")
G4 2ag
+ ;7‘ %.:.? } d'"d-)

ot oemm .
d ¢ “ - t Gfkizr“ik c SR # et
t t2 t

{5 0)
t/ Y tl -2‘



t, s i=l ,R,z
' 3 di ~
_L‘ J'¢9 {%(L ll)) +12.-=,:£‘an:): dmb_qv:}dt
a4
t
-f ZZf{ & gj dn; +| 49" (L. ?’;‘;);3 dyf- o "{}aﬁt
t le; o ). ‘

Simce SR, 56, 31 (or 3F°) are abitmary , we hue

I=0, =0 mWM=0 |[V=0,

my =R T d 5‘_’2_!:1 = 7’ lationad

& +§§% %ot TRE a;mzeéus ?)
I‘d Z i d‘- = &éﬂfl QZ .

H5w) + £ ,"X-;g; " T #;eme;)

ZZJ J'ro—— J”"'ZS‘J?(E‘E%)#‘*" dr+F ds. (Beme}s)

ey
z., [J'Qéio(fr‘- ;;_) - S <£~‘I,. fpﬁ/fln_: 0 <£oq,n(¢)y Canz{/‘év‘wf/)
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Bus a'/ynaﬂ/‘c.s ( Translation )

2 2 [ d*r G M My
mLh o+ g ) & ‘,—;;rik =5

Bus _dynamics ( Rotation)
I,w + &)x(I, w) t jb wo+ ,%‘Sjg? "({f "‘;Z:)'l' w7 x'f-)}/m‘.-'-’l'

Beam Jénamic S ( V. ibmi‘/‘on)

/?7" + (EIi Ti'”)”-l-/‘?éwx Y+ wxy f ldx(wxn-)
Coriolis Aes. Ealcr A, Cﬂtn‘fI’aL A
JZ
+ ?‘R = F; (=12, 3

A oa:m{ar’ y  Conditions

[ ' L 4
-] - (o5 95),]
(/] o

2 2 QI | 2 2y | l'
+ 5‘50; .(EIz(/’”)]o - J?o(EIz ?;;);

L L
+ JSD; ( £l SO;S)] 4L Iy’ (EIs %:); 6 =0
=3 -
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B ouwidary ondilisn

5069 =20 =0, l
J’;_Co,f)= ZZ(OI‘&)= 0)

Z,; (1) = ZI;(Q'@= 0,
yz,;(o,t) = ?zl; (0,¢) = 0,

()= %EY 8= o,
Z(4,4) = % (4,Y),
5(L,t) = ZE%,9,
55,8 = =Ly (14,9,
Sy (lt) = %3y (4 t), /

\{——\/

£ 4 (L) = EL, 73,'”("74, 4,
EL 9y (b, Y) = - EL XX, 0),
EL 2,y (40) = -5 200 (42,9,
ET, 2y (4, t) = EL ZqpCh,1),
EL Y, yys (4,) <20 4335 (4yt) = 0,
EL 2, ;3 (h,¢) = €L 25 (4,9 =2,
EL; (Y= £L ?3,77(‘(%.;*)’ 0,
Q5%



STHASILIZAT/I N

V)=V,
Where V’(R) "e) w, ‘Ps,‘é )I

Suppose that vie veloe'ty Seedback contr/s are
applied and y/'Ve” by

5 = <'elfﬁ£) "fz[#})., —Q[§J‘>’) €, & >0

C = <—-q w, -G ‘\)z/ -& A);): %,%, & >0
o= (Co@RE] , -a®fBE), ) s

? c.l ¢; 0O

Then the system s Stable .
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