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Evaluation of on-Line Pulse Control for Vibration Suppression
in Flexible Spacecraft

Building on the results of a feasibility study conducted under NASA Research Grant No. -1-
471, an evaluation was performed on a vibration suppression technique developed by the Principal
Investigators. Specifically, the following analytical and experimental studies were conducted:

Simulation Studies

A numerical simulation study was performed, by means of a large-scale finite element code
capable of handling large deformations and/or nonlinear behavior, to investigate the suitability of
the nonlinear pulse-control algorithm to suppress the vibrations induced in the SCOLE compo-
nents under realistic maneuvers. Among the topics investigated were the effects of various control
parameters on the efficiency and robustness of the vibration control algorithm.

Sample results are shown in the Appendix.

Analytical Studies

As part of the Ph. D. research of a student in electrical engineering, advanced nonlinear control
techniques were applied to an idealized model of some of the SCOLE components to develop an
efficient algorithm to determine the optimal locations of point actuators, considering the hardware
on the SCOLE project as distributed in nature. A Bernoulli-Euler beam was used to represent
the structure attaching the antenna to the orbiter. The control was obtained from a quadratic
optimization criterion, given in terms of the state variables of the distributed system.

The main ideas behind this approach are summarized in a paper by Chassiakos and Bekey
(1986) titled “On the Modelling and Control of a Flexible Manipulator Arm by Point Actuators,”

a copy of which is attached.

Experimental Studies

An experimental investigation was performed on a model flexible structure resembling the es-
sential features of the SCOLE components, and electrodynamic and electrohydraulic actuators
were used to investigate the applicability of the control algorithm with such devices in addition to

mass-ejection pulse generators using compressed air.
Sample results from this study are included in the Appendix.

Meetings

During the period 17-18 November 1986, one of the PI’s (R.K. Miller) participated in the Third
SCOLE Workshop Concerning the NASA/IEEE Design Challenge and he presented a detailed



report covering the analytical and experimental studies discussed above.

For convenience, the Appendix contains a copy of the transparencies that summarize our ac-
complishments during the last year of our NASA contract.
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2.Linear Finite ELement Model CAaracler/stics
«COFS-I Hardware Conf«.guratwn -
54 Ba#s, 60m
-171 nodes, 486 elemerits, 522 D.of F.
-J'ulg 1986 data for member cAaracteristics
from Astro Aerospace Gorp. [Harris Corp.
«Match modal resubts with Astrof/Harris
+Transient Response Simulalions:
| —?mtleiaﬂ damping: S =1%, S, .= 107
— Sine - sweep, Lip exclation
—Nonstationary Random, tp excitation
— Harmonic, base excitation




1S 1 5300 40 1300W ININITI 3LINIS TYNOISNIWIO-33¥HL YYINIINON T ‘914

MIIA INOYS

MITA JI¥1INOS] y
v“.

4

0

M3IA dOL !
X ]
2

9

v vWA

v

/

/ 9

A 8
2

¢

P-4

2

5

o

)4

. h

225 = WOO3IIY4 40 SIIN9IQ 40 YIWNN m

81 = (3SY373¥ GN3 HLIM) SINIWIII WYIG 40 YIWNN
98y = SINIHW3ITI SSNYL 40 YIGWN
TL1 = S300ON JO ¥IoWNN




‘T "914 NI NMOHS
1300W IN3W3T3 JLINI4 3HL 40 NOISYIA QIZIWVINIT 3HL OL ONIGNOISINYOD SHOLIIANIDII ONY

SINTVA N3913 3HL ININIWYILIQ A8 GINIVIB0 SIAVHS 3AOW ONY SITININDIYA TWUNLYN 2T 1S¥I4 °€ *914

PRECEDING PAGE BLANK NOT FILMED

uo1sa0f pag 28°21 U0iS40} pJg 15° ¢t 21
:o.—mmuggu 15y 6v° 21 :o.—mmm.._nsou 5] 2921 1t
X ui bujpuag yip £6°6 X u} bugpuag yiy |4 AFA ot
A up buipudg yip 62°6 A ut buipuag ulp g2 1t 6
uotsdol puz 0L ¢ uo}sa0y puz AN 8
X ut buipuag pug 10°S X uj bujpuag pag 209 L
A ut buppuag pag 2Ly A uL Burpuag pag Lv's 9
uo§sao0] 18| g2 uoisJL0o] ISy 812 S
X ui buipuag puz 2wt X uj buipuag pu 161 ]
A ut bugpuag puz 09°1 A ut Buipuag pug T C
X ui buipuag 3s| 02°0 X uj bujpueg s 0Z°0 2
A ut buipuag s 8L°0 A uy Buipuag 3s| 8L°'0 I
3dAL (ZH) AIN3ND3IY4 3dAL (ZH) AIN3NDIY4 300

3Sv8 QI9IY NO LSV 3Sv8 GI9IY NO LSWW

S1INS3Y Isn S1NSIY VYSWYN




umugmgumm

.: I. u‘. : "‘.. . ' n. W
| h’h "ll e ol

<
1

EXCITATION
-1 0 1
e
=3 e
——
pa——
— 1
L —c——
E———- -
e ——
e R—
===

hﬂiﬂhu h'll Iﬂ:;tl.::m:]

e D T S SN W R W S SR W S SR

30
TME  SEC

Swept Sine Response - Tip Excit.

FULENACEN1 71

N —~——~———————————v-~ A e aan S e e R e R R e v——l

4

H

>

-t |

| |

L i
g

>

ACCELERATION
%
i
e
————— A
{——E_;
- :-"_:m
- ——
R e
{
— > —
s
a————— __l
s e ——
L a— —
—— e —
c_—\—;‘_—-
I —
P —
———




FILE:NACON17 1

T T T e —

1

4
SRS DR U P S P R TS Y T W S Y }
] 10 15 20 25 30

TME  SEC

Swept Sine Response - Tep Excit.

T N P SRR S S WP PR,

FILE:NACON171

[ T T T Y T T Y T YT Y T S ey e Ty Yy T
r

3

[

]
1

POV SR U QU U S .A_.A——]

0.5

g v—— v~y -~

1
(s}
St 1
r ]
.
b |
" L. P T AP R TS S T S R R T TR A T R DR SR R T S J
"0 3 10 15 20 25 30



WV | I




- —— FILE; NACIBNIBS _26-AUG-86 @B 31:96 _
r 1. ogd

e
1
[
B
L

<=0 M<

p i
-l.aLv"'ﬁ rh‘!"'hr’f'"Yﬂ"""?‘v—l1""']"" L I ) b BB 2 1

| . egee _TIME_SEC _ 3g

Nonda:twnarg Kendom Response- Tep Excit

FILEs NACI@NI6S 26-AUG-86 88 31: 86

- —

—_———— e ———— e

=HZMIXMOI > onN—o

ﬂw~"-cov't|!1"v-|iv1'ﬁ-vv'.cl"-v-'vlvuttrn'nvltv-'lt-
v

| 8200 . TIME  SEC 3.0




FILE: NAC7NB 25-AUG-86 121 45 43

IR

ZOQ e 4> =4 MY XM

Harmonic Response - Base Excit.

FILEsNAC7NIBS  25-AUG-BS 125 45; 45

1. 20d ]

| L

aslassalaaaad

ZO=——>0MCMOO>

i
!
I
!

AR |
: M V'H“WV uﬁ“w ,,,.“,‘..l. ’}

_9.e00 ) JIME  SEC .3

ORIGINAL PAGE IS
OF POOR QUALITY




FILEs NACTNI6S  25-AUG-B6 12; 45: 45

<=t OO M<

~SZMEMO> T VN—O

1. 084 Tk
o :
ﬂ l L] ﬂ f | F

i | p_ﬁ ﬂ IRUN i | ]
J T
| | U } |
H U |
: | | j |
-i * o
B S L »5
2. 200 TIME  SEC 30.8)

Harmonic Rcspon.sc - Base Excit.

|

— - FILEsNACTNIBS _ 25-AUG-86 121 45 45

.
-
o

1 L | FYVON FYON NN |
HJLJMM‘L:%LJ“ asaaliaa N AI.E'

=

Tregeesy gy P

1Y v e . LI R I N ) e LRI ) nvv-""
2.900 oo _TIME  SEC n 3




NONLINEAR SIMULATION PROBLEMS T
1. Excessive CPU Time
*» 92+ Howrs for T3 Fundamerital Reriod
on VAX 11/750
- Small At (¥ T, /1000) required for
numerccal sta-bo.&tac

2. Modef Order Reduction Neccssary
*Nonparametric *“RONN"Model - in proces
« Furametric /Superelement Model-in pro
Validity ?77?




NONLINEAR FINITE ELEMENT MODEL
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