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Abstract

: We propose a sliding mode controller tracking the states of a time-varying reference model. The

reference model generates the desired trajectories of the states, and the sliding mode controller regulates
robustly the errors between the desired states and the measured states. We apply this controller to the
overhead crane. Its reference model generates the trajectories of the damped-out swing angle and the swing
angular velocity to suppress the swinging motion caused by the acceleration and the deceleration of crane
transportation. Also, this model generates the desired trajectories of the position and velocity of the crane. The
crane model is identified from the experimental data using an orthogonal function. Kalman filtering is applied to
estimate the crane states. The designed controller is simulated on a computer and is tested through a 2-ton
industrial overhead crane using the vector-controlled servo motor system. It is verified that, from the simulated
and experimental results, the sliding mode controller tracking a time-varying reference model works well.

Keywords: overhead crane, sliding mode controller, swing-free, tracking control, Kalman filter, orthogonal
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Fig. 2. Block diagram of an overhead crane controller.
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Table 1. Parameters of crane operation.

Sampling Time(msec) 100
Distance(cm) 760

Trolley Velocity (cm/sec) 30
Acceleration Time (sec) 2

Deceleration Time (sec) 2
Rope Length (cm) 400
Rope Distance (cm) 100

Hoist Velocity (cm/sec) 10
Acceleration Time (sec) 1

Deceleration Time (sec) 1
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Fig. 3. Simulation of an overhead crane controller

with boundary value 5.0.
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with boundary value 0.2 without rope change.
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without boundary layer.
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Fig. 9. Experimental setup of an overhead crane.
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with boundary layer(rope change, 100cm).

| wisi 31240}9&11“} A4 ZddAMe FH B
FAH B4 848 TS 3O AEAE TF
1 sk AlejgH el “*%!" 2PN 71 A7) ROl

r O

V.22
MR =AY o/ Iz o]FEe] EEYS BX
HAZHOE FEANIUA EETE Wt YXAHLE o]
N4 F e AENFRdSE sdlo|gd BT Aoy
o] & H4tRALe} A o3 HFsST A
& 2 Zolo] Wl EET L X ¥4,
d4s AHE A3 A 23S & 5 A
Atk 22y, FEAHS S woiA HE £lo|dEE Ao
712 @ Ay Hago] & 30}04 2H 9 AoAdE & st
2 A7) 2ol B 4% et e & § UYe
o 243 trade-off7} %fﬁé}i 13 drt. 53], Aol
ME o]z go] Br) mjEo) o)z i3t o) M4
3 37U AEFH R ELEﬂ°1 o HdE 84 B4
A e A 2d S22 84 F AojAs dgE
X QA BY) i) £EleldEE Aojr|rt &
Mo AMEE 4 ot AojdEe] dg 3 ‘Oi‘)]-’g—
Eol ZAFo) A = G sk 53], =o]=9)
Qo] A7l w A =Hd FZHAe =
HAAEE o7 Al717] BEd A lede
51, o7 3 ojFEe BAFL S

%01] aF
RS
7etsl gk

o
U

g lkl -‘1‘“ rBL

ol}l

il

ik

[1] T. Mita, and T. Kanai, “Optirhal control of the crane
system using the maximum speed of the Trolly,” 3}
T H BRI e AL, pp. 125-130, 1979.

{21 A. J. Ridout,,
overhead crane,” Electric energy conference, pp.
135-140, 1987.

[3] Y. Sakawa, Y. Shindo, and Y. Hashimoto, “Optimal
control of a rotary crane,” Journal of Optimization
Theory and Application, vol. 35, no. 4, pp. 535-557,

“New feedback control system for

1981.

[4] K. A. F. Moustafa and T. G. Abou-El-Yazid, “Load
sway control of overhead cranes with Load hoisting
Via Stability Analysis,” JSME International Journal
Series C, vol. 39, no. 1, pp. 34-40, 1996.

{51 J. J. Hamalainen, A. Marttinen, L. Baharova, and J.
Virkkunen, “Optimal path planning for a trolley
crane @ fast and smooth transfer of load,” IEE
Proc-Control Theory Appl., vol. 142, no. 1, pp.
51-57, 1995.

[6] /MKIEA, MAEER, “BEITFSKH 7 v —adifgsl
B RAKSRE eI s, 1992, B84s 548YS, pp.
1318-1326, 1992.

(71 ANES, o M, BR AL, “KHF7r—>nH
b, NKKH$R, no. 149, pp. 40-45, 1995.

[8] #X14, v o]A A, “F2F AHAL] Ajo] Lag]
Z AA) dEAEAATEs e =&, vol 1, pp.
993-998, 1989.

[9] BrE A, &A1, o)A, “FRF ZY UL o] & £
F Aojo] #F A7, FEAFA A& =EF,
vol. 1, pp. 292-297, 1990.

[10] J. S. Yoon, B. S. Park, J. S. Lee and H. S. Park,
“Controller design for the anti-swing crane,” =
AEA o) 3]e =23, vol. 1, pp. 229-235, 1994.

[11] J. S. Yoon, B. S. Park, J. S. Lee, and H. S. Park,
“Fuzzy anti-swing crane,” Proc, 42th Conference
on Remote Systems Technology, Washington D.C.,
Nov., vol. 1, pp. 35-43, 1994.

(12] ¥p A, A9, A4, A, “HA 2899 AF
3 A Aoy - AF3} - A 2FEE, 97 FEAE
Aolsred =3 23, pp. 1871-1875, 1997.

[13] o5&, 242, 223 A2 AL A R o|FE
o] EEA, driASS =R (A), A214, Al
10&, pp. 1683-1693, 1997.

(14] T35, olal4, “Z#A A=A S HHAS,” AR
3} vol. 7, pp. 328-335, 1995.

[15] 54, €44, o171, “Zeoly zZy e &5
Aol (part I): 24y, AoAde 7EHAEE F
2} gloj=w Aol Ao - AF3} - ALK F3t
2}, vol. 3, no. 1, pp. 23-31, 1997.

(16} 52, £44, o|vHd, ‘Aol a#H <A
Aol (part I): EEY FY&EE £HL T
T Aol Ao - T8} - A|=HEFE =EA, vol
3, no. 2, pp. 132-138, 1997.

(171 54, “Zdeely 715719 Aol 3" AIHH

FP vy AFEESF Aol Alo] - AT - A
2EF38 =5A, vol. 5, no. 5, pp. 630-639, 1999.

1181 A4, A2H, ‘84 ¢a2ES o) &8-3 dA4=7H
Q9] HAA 7| APH A3 AL FEI A,
vol. 16, no. 1, pp. 34-41, 1999.

[19] Vadim 1. Utkin, “Variable Structure Systems with

r}r r.?L'
Mo to ol

Lo

P o

Ho

i



1032

sliding modes : survey Paper,” IEEE Transaction
on Automatic Control, vol. ac-22, no. 2, Apr, 1977.

20} Wb, EE, &4, S8, Fojy, ‘&g =R
g o] &% HAAAHAY FHA oo Fg A1) A
o] - AF3 - Al=RFEE, ‘9 g FRFA S
=28 A4, pp. 112-115, 1999.

[21] C. F. Chen, C. H. Hsiao, “Time-domain synthesis
via walsh functions,” Proc. IEE, vol. 122, no. 5, pp.
565-570, 1975.

[22) b7, “AlojA|=d XS A% A ugro 38

up A

1960 3¢ 20948, 19868 =M ot
71AFe s £4. 1990 Aot
Z1AE e ) 1996 ~ A SETh
St ZIARAES T Hatay. 1987
d~A 5dAEATE dYeT
A FEAEE AAA, AEA T,
71&, Alojo] 29 &-§.

gAY

19583 29 394, 19803 Mgustm
Z1AZE T £4.1982d d=HA% &
A 71AFTE Ak 1987d Fojshd
Hab 19879~ 8A FHAAH AT
| AT FadEoks 4YEd o
ARFNE, AT 2 ASA,
2R 3 AA HErle

NIOt- Kisst - NABEIES =241 M6 A M 11 S 2000. 1

EZZ3AL, 1997.

[23] R. G. Brown and P. Y. C. Hwang, “Introduction to
random signals and applied kalman filtering,” John
Wiley & Sons, Inc., 1997.

[24] E. W. Kamen and P. P. Khargonekar, “On the
control of linear systems whose coefficients are
functions of parameter,” IEEE Trans. Aut. Control,
AC-29, p. 25, 1984.

[25] o]5 W, “EEloldREE o] & HEE FYAHUY
o] FFAo] EFATR" MU et J|ALA
8hah wpALERQ =7, 1990.

z ol
195233 29 1494, 19749 A&t
AABST B9, okFd AT
Ha) g2Psed AT 9
¢ AR 19919 ~1992d MITuiE wHeEsd
79, 19814~ Fdsm 77
MAFETY 55 FoA Rk Aojo]
2RY2 ATAY, 2753,

’ ’

29 88



