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Abstract A new feedback control law design technique using on-off thrusters for the rotational maneuver of a

flexible arm is discussed in this study. A two state on-off thruster actuator is taken as a primary actuation

device for this study. The on-off thruster operation is emulated in conjunction with the conventional minimum

-time tracking control law. The actuator input region is divided into two separate parts; one is constant input

and the other is time varying region. The new control law has potential application for the relatively low

frequency structure such as large flexible space structure being currently used in various space technology areas.
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Fig.l Single axis rotational motion of a flexible structure

oo AA 227 o9t dAE KA amo g olFo A
o B 71%A arme] AEeo) Fd AAY FEE HuA
2tk webd dshe A& (pointing) 715S HsiA ﬁiﬂ —}L}_—%

9 A &% 9 oz Qs HAIE V¥ E At
o7 o & EHE T 7] (actuator)E T F A “1}5]01
om UAF 279 AJEZ APL FAET on-off 2
7+ g 5]

oluf AN A€o %%—% arm9 <
GEAe FEUSFQA 2 FAEY
olra= Heje ‘“o’—‘lf’_

..E
EP.

2% W5 w(x, )% 3
g3 gol wRste 3
2 vehd & glniel

1322



I‘.6+f px(w+x Odx+ml(16+ wl )=u

o' (1)

ol w+x )+ EFS P
A71N I, v F ZA BAESAE, o Ame] HEUE,
El v arm9 24 (rigidity), me 9 3%, AHEHA) @
BN FAHLZHE arme) E97tAY A, 23 u

%< Aol 7t A= on-off Molzldl € AAEA %Y
b T

ol#ig FE WA FolNE= AL dily AL Al M
AL Ys) Fa 25 £84 mA8e £yt @t B =8
Ay FaEHBOIANA AMAE FH g = output feedback)
Aoj7) MA delg =9lsr|2 @k of A9 Lyapunovd) HA
A 988 Zug 4 (D £E5AUA 2 94 oA F
£ 4 odog) mWatd B AFodME §§ a5 a2 o

u'lo i fo

A+ 8} (discretization) S 3 &H2 %7| & o},
Hoj7] HAL BEHE rest-to-rest 7%, & AL FAE &
By dAs Arg A g oA ZASE 71ES ¢

g oAlo} A& u )E ATse Helrh

3. Aloj7l A4

AA gellM AFHARe # dFel AgsHE FHE
on-off B2 7P &t wabA on-off HEl2] Ao 4H2 A
2@ A7 E dAIstdobdn.

31 g Az Aol
1% #94 amol digd HG AT Aoz A 7jEAHA
HelzA dAx g 99 A9 A (switching)e! 9+ bang-bang
Hee] Aojzjzt otk ol# & ANrIE A (HE Folx MAY
of ¥gsly 1 ARE BEA3] fs) 94 A ()E &5 BA
A2 ZAANEE st &
I0=u (2)

A7\ I,5 % FA) vyEA g2
9 #& Yeldg, &

I
[o=1.+ f{ ox *dic+ mi® 3)

arm?| $ARSAE

A3 F4 [BlM A (DR 2AEE A g4 RdE
E ol g3ty A grwl Aoy g AAse HEsdnt o
gg e Mozl &4l RS TAR HAE AANE
2A2 &3 gH 2L e Ado7

I
u(f) '-NSlgn[ G- 49f+ ""

8l el] @
471 N 2 F87) 989 A7|2A 2AN-m)E 71} o]
21 vl Hepe) Aloj7lE= open-loop HElell vls) vl A wb
¢ e 4% S 2ste ez FIEH [BleA 945 A

ol k.
B2 FERUY QNS A @R vehloin Ao} ¥H e
wele) Alsgel HEARe W AAHEE AQRE TG 2

A% 62 arme) fA4 HEelth %, 4 @z Fol 2Ap4
o HEEL W armel vkt FAsol Wk gl w
A armel A WA ERl e FRASE b AE 2L

Sol ASol el Ao AFESL EFuw ¥ £ Aok
o o] §¥ armsl £A4X T A WA, F WA fA Rrg

Z347k 742 067Hz 379Hz2 A 58 R WA 2e Fasl
Gobx 4 (M Fola AT AT AclgH Hwol s
A3 g & AT ol @ ANE ABdolag Fa e

A A7} (229 200 AAE AT

- - = Anguiar rate{deg/sec)
Angie(deg)

AngleidegVAnguiar rate(degieec)

Time{ses

Control input(N-m)

0

Tims{ses

a9 2 A A AU E HEE NEHA A3

Fig. 2 Simulation result with minimum-time control law
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