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Adapfive Control with Dynamic Compensator for
Lightiweight Flexible Robotic Manipulator

Seung Rok KIM¥* Jong Kuk PARK** Regular Members

E ¥ ¢ s%olde dart Awian folg zew shgadelee] dial £ ¥HE FHsted v FE AAE 8
7] 918k 2pv] H2 o] 7|4E dotstn ARE] A Felolde Hah Aoty dnelEel H%S gFstlch die] WAbe g
27H91 gais e Fd4d ReE “Hllﬁf“ﬂl] *i“dl. wede] AL T AHgo] 2yl b nu g s

fatod, 7t wlael A% wrEd 27bxg Aesle] e A AE fFratgdon, Aeivly ¥H Eaf vleb

11 6k A et A gads vk el g Ag Aol AYAL A Alr R FA st

ABSTRACT This paper has proposed a self-tuning controller for tracking reference trajectory by measuring knd-
-point of arm on robot manipulator whose link is light and flexible, and proved the perforformance of the algorithm
proposed through the computer simulation. As an object of control, a flexible robot manipulator with two-links was
selected. As for structure of model, it utilized an assume mode shape mehtod with include gravity force and derived
a dynaics equation by adapting two kinds of vibration mode of each.
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AR



i B 1 AR 908 Vol 15 Nog

f(k)=P(zYe(k) —R(zuy(k—d)—S(z")elk—
d) (3.15)
27 F&2 A Alo] AJrde] BE HxE aal
33 7o,

R\(z"‘)uv(kA)z-——g(z"‘)e(k)+P(z"‘)e(k)——R(z“‘)u
vik—d)—S(z"e(k—d) (3.16)

V. AFH Al2old o # &

a8 215 e fodAd Hag s ZRE
s Eal ol eloll o] AR =7l EFx Ao
gduglEe] %S wim #Hrlstr] el A&
Al o] g 83

g5 el Fello] g] mell o] slubeleli oho
3} Fro] Aledglie}
L=1.2m, L=12m, m=3Kg/m, m,=4Kg, m,
=2Kg /m, my;=25Kg, J=0.001Kg—m* El,=1
200N / m, EL,=1000N / m

2RE wyFalels #HE FFelojol &
Hzbal AA"e gl 49 %¢](0.0,1.3)m— (L6,
0.2)m= &k},

¥
.5
! e (0,13
.
1.0~ ™
| .
| .
057 \\
-1.5 10 05 | .\15_“
T T i
0.5 1.
' 1.0 (1.6,-0.2)
-0.5 -
l
o L= R A 0

Digonal line trajectory

173 5 FAe #HolE el =7 =
Aod7lell o gk £Fo HEge ok 1,7Cmm o] &

712

o

1o, 54 wAA% 2 A2 B2 Alolrlg

o
)

) hal

89 #Holy < 06Cm olstzH, & Tas
e A7) 2 Aoirlel &g Aske] B wa
e 2w A7l T2 AR o F& o
% ek

.at

o83 - 8

L |
2
g o
TR g
§ o ]
B

a1

-“15'1

-2

° » L] ” o 1% 180 ne 0 m 0
TIMR NN 691 A0S
3% 5. el dal "Hol(HHA, 1kg)
The total bending of End-Point
23 6 Aeleabeln, 28 7, 8% 914

xel %% oapolch shebulel 24 3 sd
27142 ok A7 Fz AolrlE 052004
192Cm, 54 W 471§ e A7) B2 Ao}l
042014 1.3cme) 2% 927} =A LAz o
oA B2 AIlE o 12 el 4 o
05Cm ofehel %% oabE 23, $4 wAlE
e A7) Fx Ale]7)i ok 07% ol % el

°F (.5cm o}hel FF 9 x5 walch

o2
o1 8
«1 -
.17 -
o.16 -
15
o.14 -
.13 4
32
il 4

L2
ooy 4

¢

L
.
“0'1
oAz 4 D
o o ¢
. L4 L 4 ” it g 1% e axe 6 e 0
TRMR I 001 EROWS

4o el a7, 1kg)
The distance errors of End-Point



WX/ B BAYE gy F44

“'M-reﬂﬂbi«) g Ao

FND--POINT RENOR B2

a8 -
]
o2~
83
.ot
o o thg—o A A\ e

i

. » (4 ”»

L4 = we ne L e e

O 1. 3% XY FF e (g4, S)
Tracking errors of position X

oLz
ool
on +
oaw
onte Thg
ooy -—
booid l 2kg
oo
e
oo
o2 -
ey
* -
~enel
~oset 4
—san3
~as0d 1
~e.a03 4
~anes ]
~oavy
~0.000 -
~00
[V
. ¥ s W W 1P M N e IS W™

a7 8 1A X FEeak(diz4, D)
Tracking errors of position X

. ] L] | »e o 0 e e e o

VMR W S0 ARUND

Aol Ae] exb(dl7t4l, 2kg)
The distance errors of End-Point

a8 8.

23 9% 3} 2kgol BH Ay 2i-E
Yebdich =7 2 aejr]e oF 1z < 0
53cm o|dte] FF 2 abF vteha, FH A
BAZE 2k &7 B2 Ao 7] o 07Xl 4]
°f 0.5cm o] 38 FF 2 AHE Ealet

ojotzte] A wAVE zZb= Ay T2 Al
717b A7) Fa Aleiz|vct §-3) wBhet wE

4ol F 43U o 4 Ak

Azl Mol7j = ZQlE 7he] Aoz oldt
% 228 HAHAAE BT sk, VE
Aoz Fe o 7]¢8 west g 2
L o)l gte] TH BEaD el 4 A v
719} Am 2 FANA Fola T3 AHA F3
Ezol thil A% oja nd-g nlelo g 8l 9
3 o9 Bl ol So o3& HaE A &
g A7 B2 A3 Ao 2 FAE T stk

RAZIE e A7) 5 AdA s

1]
rot

Fo g

1. S. Dubowsky and T. DesForges, “The Application
of Model Reference Adaptive Control to Robotic
Manipulators”, Trans. of the ASME ], of Dyn, Sys,
Meas,, and Control, Vol.101, pp.193-200, 1979.

2. AJ. Koivo and T.H. Guo, “Adaptive Linear Controller
for Robot Manipulators”, IEEE Trans, on Auto.
Contr., AC-28, No. 2, pp.162-171, 1983.

3. CS.G. Lee and M.J. Chung, “An Adaptive Control
Strategy for mechanical Manipulators”, Tutorial on
Robots, 1983.

4. Kelly, F,, 1982, “On the Dynamics Flexible Multibody
Systems, “PH.D. Thesis, Department of engineering

Science, University of Cincinnati, OH.

713



SEBLE TR R E '90—8 Vol 15 Nog

(4]

-~

. W.J. Book, "Model Design and Control of Flexible

Manipulator Arms”, Ph.D Dissertation, School of
Mechanical Engineering, Massachusetts Institude of
Technology, April, 1974.

. W.J. Book, O. Maizza-Neto, D.E. Whitney, “Feedback

Control of Two Beams, Two Joints Systems with
Distributed Flexxibility”, Trans. of the ASME J. of
Dyn. Sys, Meas, and Control, Vol. 97, No. 4, ppd
21-431, December 1975.

. Schmitz, E., 1985, “Experiments on the End-Point

Position Control of a very Flelxible One-Link Man-
ipulator”, PH.D Thesis, Stanford University, Guidance
and Control Laboratory, Department of Aeronautics
and Astronautics, Stanford, California.

. R.P. Paul, “Robot Manipulators : Mathematics, Prog-

2 B ## (Seung Rok KIM) F&8
1950%: 5 H1714:
197242/ @ F-gohsta SEAAE
U
197798 H @ 4Gt AR RS
48 (18R )
1986719 H ~Bi4 . 74 sjef st
shal mbal oz
1979 3 3 ~Bift | abekd st Az
b w4
FBL B 2 MEl A B9l

SR

714

ramming and Control, Cambridge, Mass,, MIT Press,
1981.

9. P.S. Tuffs and et al, “Self-tuning control of offset
> a unified approach”, Proc. IEE, Vol.132, Pt.D., No.
3, pp.100-110, May 1985.

10. P Eykhoff, System Identification : Parameter and
State Estimation, New York : Wiley-Interscience, 1
974.

HLogbaw], whg 35, "fod A sl Eallolele] & A Alo] &
21§ Stochastic #&7]9) YA"H7) e8] =&, A3
33, #193.,1989.

12 255, 9E= “Fodgh 23 E o Ealo) e el PID

7

A7l sz Ag Aol WAFeN LA, A2,

835, 1990,

* $8 B (Jong Kuk PARK) IE# R
194542 B 7 14
197142 F 1 A& A gl gt (o] dhah
197592 1 | AR B F I (1
BLRE 1)
197998 A | T KB BRUAR(1
Bt
19783 5198042 A : 3L T ¥HPIA
BB B
19874.9 H~1988%:8 f : m| % s al&
Fdl BRIAF ndw

_/;_

19809°3 H~Hift: Asldstm |1
BR K2

G B 2uela o) THBAENE
Y.



