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Abstract

Lots of researches and applications on the automated overhead cranes in shops have been done for
some decades, but a few successful results are reported. Integrated crane control systems designed by
famous engineering companies are still expensive and are not satisfactory in view of maintenance and
reliability. A more reasonable control system fit to requirements of manufacturing industries is suggested
in the study. The new deigned system has superior capabilities for anti-sway of rope and position
control. The controller for automated operations is composed of a Linux-based PC for non real-time
control and a high-speed PLC for hard real-time control. Some algorithms required for coil yard
operations as well as main control algorithms such as reference position generation, position control and
anti-sway control have been designed and fully tested on the new crane simulator. The designed crane
control system showed satisfactory performance on positon control accuracy and anti-sway of rope. The
maximum positional error is 8mm and the maximum sway error is 0.1 degrees. The suggested control
strategies have been successfully applied to the 10-1 crane in No. 4 CGL of in the Kwangyang Steel

Works and in commercial operation.
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T3 Wt A AP AP HussHA A gl HAFNEE Ao Al
*EM Aol T2 aYPoe] FAHHETY JEH R AFIde F Fddd Y BHE Edtn
Aoy T2 AulE AANToE AAGE 4T &3 Arzt A z}éﬁoﬂb EREE
A=A, EEY Ao, FEH Ao, BH Ao E ZF /O Aol & F2ste Zdd A7 A
A", AT A Arie AL Aoirig Y dHolHE ABA AA $FAAEI]) A
TCP/IP ®4 2] ¥4 Ethernet Sl 28] A 33t T7;Z—1°i dole & $54lgth

2 AU AsE AAS= 30 #AY Jlee &5 HE AA4VIE, AAA Js,
anti-sway Aol 7|Eolth(1)(2). £% HH A 71*° ﬂal°1°l olFItE VIEEHEE AL
2 AAstn ol FAIZY EEY T4 2318l olF X WHY ZIEXNE AAToE WA
e 715 JHAEE Ao AAAEE ZASL soft start9} soft stopol 7HsdHAl ot H A
Ao Z+ FE5ZH YAE Aojste FAwdel BE YA AASA stz AR Aol A=E Z
ﬂdt} Ay = Hxl xﬂ°1 A S Aesta] Aol duelEL YXE PIDE FAETH3).
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299 g4 ZHe AvH= 4491 Ao Tade gAg PDE T4

£ FAs gl Y Aol ALYE F Y L AT A4 Ao) B 4/ 0mm o
Wl 29 AZelel EEYE RE AAAN o/ Smm oIt 2ekn 2999 o5 Ave
S oF Agtom malg 4w 94 slod AMES 6 AROE SEE Ao Hmas

A& HAANT )5S YA A E £E profiled 4243 £ X profiled] & F 3 @A
3t Z9] o]Fo] o|FojRt & FAA Z#Ae] v HAHEE F 7o AlFH Fd A
el & A & FAE 7}11 g AAEA

B A7E 53 AgE FAs e 2 FASA aFsE Ao Ve FHoI o,
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A#AL Atl(girder)’t FALFoz olFsty ESH(trolley)s 3 WF2Z ojFIHY. =
: E‘ﬂl e SAE ol A= o]F T o5 FHYL Fig. 1914 B uieh Zo] X-Y-Z 3
o FZEANA 2 AAG FEE vEbE F Ao 974 x & FI TFS Yo Y BEFE U
B Z52 A9 st HF olF AAE L}E}‘f’l‘:}
EEs ofF EAY Am FAFAAA ZA e olF A olF A HF H4A #
AXNE 73t
X, =x+/sinf, cosb,
Y =y+ising,
z,, =-Isin@, cosb, 1)
ojF A9 £x& Fid
v, =X+ Y +2, @)

ol& EA9 olFo Wd &5 WA YA oAuA o2 BEH Lagrangian L & F3H

L=K-P :—(M x +M y )+2v +mglsing, 0059 3)
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M i+Dj=f, ®)
10 +x+gh =0 ©)
M,j+D,y=f, (10)
16,+5+g6,=0 (1)

A (8),(9 4 (10),(11)& Laplace ¥&3td 7F 9 &£xo dg A2 9 2% E549
g e TE F U

Vis) _ G.(s) = 1
F(s) Ms+D , (12)
(s) _ s’
1( )_
X(s) s’ + g (13)
7)1 A F3 Ha) Wik sigets ol WA x 2 V= g}
Aol7] HAE 9% YA St dLIS5E FEIE /M 248 os EAHER TEZ &
= EA%E 13802 ey At 1AL 2@eA AQFH NASE AAY o] AL= A
ROt ?s}: ol os TG FYS FPZ AvE YA Arje 29 YHL s}
stz FEZHo] EHolA HE FHZ FHHo %—:— encoder 4 2g T TEFY 9
2 de 4 gt oF Y L¥o) 8 TEZ9 AGYS5E FIA Dok Ao o T3
A 7t FEZ0 AL ofy 9 2o}
0.24
X & E289 &5 A2 G“(S)_3.12s+1
0.19
Y & sgels) &x dRu Cul$)= 3551

AHAY 4 FFFo] 75 WI2E EEY flo] EAE Y3t AARE olF AJYHE &4 +F
%9 94X Alojg 2= —F:%%‘ A7t SAlel AAl Hojof gt} x| EEY FIEE o]EF
o2 Ay By 7H4E7E 4 HEE L3 9% Ry £ YR AEx wFol Ay ©
T2 A43l3n 8 WFe REX EE5Ho|t MEEE 94 A 99X 5989 g¥ozy 3}
L34 Hel, & 7R 3 ZHEdY HAXYG ETEYS AFE F F dE AN
(controllability) o] ¥A @t}

2.2 Aoj7] AA

TEY Tty AG¥Fe JFHo] Frloln FHA A gle FHE T ML o FL&
F5 $EE 77l EETE S 45 Uk AU 22 EEY A7 FEF A Al
o7l FX gA 7Y o3 Fath YA A7l cross-over T3} Ko A roll-off rate
o] 20 db/dec. E FASEE PI Alo] WElE HAGY. 2 EE5Y Al97]7} roll-off rate ©] 20
db/dec. HA steid UF & o] UdPo] SFHEZ 40 db/dec. HEE Ao}7] PD el Ao
71E AAZ
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Open-loop rope sway dynamics: X axis
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Weighted rope sway dynamics: X axis
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A Aozl EEsL 71Nk PC 9 PLCE FAEHO Utk PCE H] AAIZF AAE F35H
FZ A7 FUAPHE A, FF Y olF AHY MY, TUL AAFn = ZY A
AAE At PLCe AN AAE Faste fA|Ao, EEH Ao, AZH AAE 3T
k. PCAlA Ao Z2aHE ¢ A2 FAdHUSW PLColA e ZTZaFL Ladder Aoj9t
Structured Text Aol JMAEHAT. F& BEHE 7]&9 A2y £L2 Ao XS A7 sl
AME BEY dEZ2 FAFHYOY A g A2Ee @R Fyloe] AlEEE BUF £FQ
= A571E AMEeY. BXHe ¥y dd 39S A 9 S RE gAUES 7A
stk #HolA Ay AMeE FIEIH FPFH9 Hdg AAE Yl 715E Fstn g dol
a9 #L& incremental encoderZ TFAHO 3lom HXAANE FIPsE T AU AXE =
Bated ALgET.

A=A AoJs} anti-sway AAE FAll HAIStA o)]FA WE YA 239} EEY 2
ZA4314 . olFAgE HAAHYUE 20mm 2 sl FYPET AP HY o]F sxAE HYr)
2 Azak F7FAIATE. Table 12 ZH o] YL FRAehx] &2 49 HX3 H o s o] F
Ade We ¢x 23Z A Aol Table 2& o]Fdty AR Fo EEY 939 VS
7t 5% HZ Yehd Zolth. Table 1olA R uvle} o] YX|o FHatA =] Ao 27?}—‘5
°F 10mm ©Jujol +HES 45 Y. EEY 4EE AHEYE oF F EE A =g
9 EE5Hol AY AAHUSE & F At &3] W olF A 2o L olF AgdMe E‘é
Yol B A Yehley) 013\% EEYE AASEY 285 Aol ol A7l PAbol
0. 253z EE5Y 392 A T8 vl HPo] AFH glu FHo] T EAste Ao
51717} dolsly] o).

Table 1. 1A Ao o3}

T3] Ao A ()
AU —yrmEE T FasE [ g9 | 99509

20 -2 -6 -1 -3

500 -4 -2 -3 -2
5000 -4 -4 -4 -6
20000 -9 -3 -5 -3
50000 -8 -7 -3 -5
80000 -6 -7 -7 -6
100000 -7 -11
130000 -8 -8

F=d >
o157 2) () S22 AT 22

20 0.08 0.06

500 0.06 0.08
5000 0.07 0.08
20000 0.08 0.07
50000 0.05 0.08
80000 0.07 0.06
100000 0.08 0.07
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A&l AElE &= profiledt 424d &% profileo] 93] F 33
.8 FAA Aol A AAHEE F 7Y AFFH Fo
=

2> IJ AN 278k Ao 75 & FFHoH,
A5t Al&go] HEHo 2 £HToIn.

1. A. Gonzales et al, Robotics, MeGraw-Hill, 1st edition, pp. 347-348 (1986).
2. JW. Auernig and H. Troger, Automatica, vol. 23, no. 4, pp. 437-447(1987).
3. G.. A. Mason, Ph.D. Thesis, University of Strathclyde, U.K.(1977)

4, E. Ohinishi et al., 84IFAC, XIV 37-XIV 42.(1984).

133



