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An Optimization System for Plate Design

in Production Planning of Steel Plates
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Abstract:

An optimization system for plate design was developed to shorten production time in the plate production in the

JFE Steel. The technique for combining the branch-and-bound method with multi-objective mixed integer

programming was adopted to solve a large-scale combinatorial problem. The system was built up with several

personal computers, to realize high-speed calculation by processing at the same time.
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Fig.4 Predicting cutting time with simulation method

B THb, TORDATTING WL, ROFETH

Wi IR 2 3R % o

(1) #Z25NBTTOHWHEZFIET B,

2) FIFEL7Z2TRTOFW AT VI LTYIalb—T 3
(B 1 TR i e o 9

(B) FIBL72AT 788 D) b, &bl Flk o8
X BHWI NS VB FD AT T ORWTEET b,

Fig. 4 Tix, 09 b o 2 MEOTFW ik % LKL CTw»

%o FMMEDTWI Y Y ATIE, 7ay 7y —T14r)F

DAFIWT 5D L, FRAOTH /(Y > BTldray

Ty x—T2MWT S, ZD2ODFWSEFNENIC

WLT, YIal—3a IR EFNTS L

Y Y BORPEL Y, TELEIDRTTINY YO

Wi 7k B XL OSSRl & L CTRAT %,

3. RE{ET7ILTVIA

WAL 7 VT ) XA DB B E A% Fig. 5138
To RTNITYZXATIE, FTMH2roHRLTZEOHIC
WIS RE L —F—FOHFNL, F—RA T TITHMARAR
RE ot — 7 — % BINT B0 RICHIRERIC L B AT T8
¥ R, BB, HWEBSRNE DL L) B
T TNy Y O#ERE, % HWRGEREEEEHCTIT).
ZOLE o~ws FRETHIEICLY, BWEEELITS U
FIRAATBEE 72 B o

WHILIRE T, DRBREIEIC KB AT TRy VAR LS
HIRAEEFIEEIC L 2 25788 ViiIREhZUCD
WCEDTIVITY AL %EHHT 5,

JFE $i#t No. 15 (2007 4E 2 H)



JERUAE FERTINC B ) 2 AR AL S A T &

Selected order

Step 1: slab pattern generation
¥ with branch-and-bound method

High priority
for cutting
time

High priority for
rolling time

Step 2: slab pattern selection
with mixed integer programming

Fig.5 Optimization algorithm with branch-and-bound method
and multi-objective mixed integer programming

31 PEEBEEXICLDIRTITING LK

SRBREE L, 1L AETRTOMAE DR
BICHEACEZINHHPADILNTIET, e HLWY
R Z W OO SIS L, 7 05 i
QT Lo THEMIIEMEDOREZRLIETHHDT
Hbo FHD L) BARMMEDY &, Kbt —5—
ZIBGERIRL, ZhEflotr—F—2HArlibEIZA5T
Y VR GRBAEC X VT % RICENENDAT T
IF A2 FITR L7l S 25723 0 &) bl
L, #lZi-8WAT Ty VI LT FnLED
BWRrTbhwET D (BERE LT, LERATT
RY Y DOREERL, KR ZEMT LI L TE S,

EHINC 2B EDF —F =2 &G A5 T8 ViZon
Tl&, Fig. 6 IZRT X HICFig. 7 CHEELIZATT8% >~
REMELT, ZTROZEAHICHAGEDLYE S I L TAER
T b, TRMEHICHAEDELNY V2 RETHIANCHA
BhELIETELICKRERRAT TN P OAEEBIT) o

RIS L CiE, 2.1 8o Bl b2 2 il 4
L3NS, HAGbEDLF —F —DIEEIKE VA
ZFHURBREZITb v &, TERHRSEEZEML T
Who UL, BT INT TICEDLNTELHERER
RPIATI 720D 2 —) AT 4 v 7 AR AHMHEHT 5
LT, RIEKMZENT L0 TH D, SHEBEEICE
AT LTI, EARMICIEEGIRE 1T 2,
F—F =Ll &L, BERPPEL 2G5
LT, R/ — FRICHHI % 3T, IRELER, LIRS
BRERANOY N H R 24T5 T b,

INSIUELRBIREMICE L T, WIEEE DTS
BN-EETELYATLALELTEBY, +—F—MEo%it
B EIGRHEICHINT AT EDTHEE o TWwbh, F72, K
BUSERT 2 MEREIRELLEAICS, 22 THIME

JFE $:#t No. 15 (2007 4E 2 H)

Based pattern

Based pattern

9 AP B B

Fig.6 Larger slab pattern generation

|:| Based order

Branching operation L

Oy O =
O/Nl.ounding operation
(I N I O A =
“ J
~"

Generated slab pattern
Fig.7 Slab pattern generation with blanch-and-bound method

P8y %2 & THISTRETS ), wEFI#EE oM 1
WZHERY AT AL T Ao

32 ZBEREREEHEEEICELS
R TING ER
i CAER L7z A5 78% 13, FEIERR < 55 ks [ o
BRDLLEBDAT TN BT 5 E2HKE LT
720, H—F—F—2EHLTMHEHTLILEZHFLTW
5o IR L7ZZFig.50fIT, EIRENAZ1~4DF —
F—IZ 1T OTHEDIIH L, BESNIZATT IR ~
T, F—F =7 —2WEBHEH SN TWE 2 EREhic
BHicho TITHERESNIZATTING Y ORMP S, ZiEL
ek =T —OREEGRRKE LT, R#ERRAT T2 ERT 5,
COLEOFHL L TCITHMMEEEZ ] L L-Z HWRAE
BEtiEZ v CTwb, T4bb, ROB/MUREZE

N
J= Z(anTn' + w2Tei + wsli) — min

=1

M =

'(‘\, Aij Xi = n;, ]: 17 27 ,m

(v

-
—

1

Il
—

72720, ait AT TNY Y illfibihvCnwb gt —
5 — j ORI,

" F— ¥ — ] OZIEREL,

xit AT TN Vi DR

ZO%HREELETM M EOZ KD 5720, HHE
i Y — L & LT ILOG, Co., Ltd. %0 CPLEX® # %/



JEAR AR PE RTINS 350 2 LR # AL & A 7 A

Wy () w3
High priority
for rolling time 100 1 1
A High priority
for cutting time 1| 100 !
- mm - High priority
u for combination loss 1 1100
Rolling time
Combination loss Cutting time
Fig.8 Flexibility of plate design optimization
L7z0 RIZ 100 DA — & =2 5N %179 Bihr, 318D

SAEREFICL DRI 500085 Y DAT T IR /%EEEL,
ZOHMM L BENREEEGEITNEICL VN 10 KDR T T %
BINT 2 20 KB AEDEMEE 2505, KET
NI FEET AT AT, ETDH 5min LNTHLZ KD S
ZENTE S,

Fig. 8 1%, BB ] OFHMfEAEE A o1~ws 2L E &
7o & EOILEREH, SURTRER B X O AAA BT 2 DL %
F5IL 2B DTH B, ZDFFTTHNDL LN, FF
I EA 0 Z 20T A5 LT, FHMEEERO ML — 4
TERESTLIENMETH D, COERIMLTIE, IC
Botlf 4t L Mk, BWIERBERZOL EDF —F —H
R FR A ARG U CHR S ﬁET%&/XTA&Lfb
0, BIZ XTSI LA A v 7 & % B3 E I ST IR
_##%ﬁﬁmm%ﬁ§<?égkf,%MI&%V?%@
WL 7-AOASTTRE & 72 6

4. FES AT LB

AT AREBUCE LT, AR EALIC BT B R
BT H720, NWHY gy 2B EEH W5 %5(%13’12/
AT LEBRAL: (Fig. 9o TOHIIHWIUTS & %% 4 —
F—n R A MRS ZT WM olen V=T ) Y 7T —
7 A5 —vary (EWS) T, H—25 712l Eh s
WDVt — & —FI5E, Tnot—F -T2
V3 Y OBEIRIIIS U T L TEk L, &2 THRIUR
FLELT o

F72, WIS NTHRORAT TNy VX, ~v~<v oA
Y =724 A (MMD) 2D EY 27 VITHRIPUEES IS

Business ' | Order selection

computer 7

Rule based plate design

MMI EWS and
|_ AN Remained order selection

s s s gy s ;

Plate design with
Personal computers for

optimization algorithm
distributed computing

Fig.9 System architecture

103

AN

100

Slab weight (%)
|
|
|

Before After
Fig.10 Result of plate design optimization

REELTBY, PIPREER OBRRE D LERY & THH
HISHIBTRER Y AT A E LT b,

5. REGERBER

Fig. 10 ICA Y AT A% FRE#H L7z REZ R, w4
ELZER YT, ZORETEETLES LAY 7 &%
TWiziz, EIEREZELE L7227, ZoRE
KY AT LA BB SE2/H TR T THEENEN (T42b
LHAERS ) O ER B EM) L TWwb I &0
b0 FICHIRD o1~ws ZEMETHZ LI2L Y, KFAlifEHE
2R TH L 2 E DD TERTHERRL 720

6. BBHUIC

SR RE TS H IR ARG 2 ML A G b8 12K
WIPUIREAL Y AT ZZDOWTHRN Lce RV AT L0HE
LTI, DTFD4o8HiFo5sb,

(1) HEREREICS HRAEEGETmLEZ At bEs 2
LA XD FER RN TR 2 LA Ay o i B L AT
BEE o7,

(2) HHBREIEIZE B AT TNy VEFIZBWT, ba—
YAF 427 A MABRAL I L2 ) EE RNy VAR
MHREE 2D, FOba—) AT 427 ADBEM-EHL
BHBRVATFTLE LT

(3) HMMHA BB OFMIEEOMEL L L, Thzh

JFE $i#t No. 15 (2007 4E 2 H)



JERUE FERTINC B ) 2 AR AL S AT &

DEIMEBERET L LT, F— 5 =Rk i miIR
MOZEAIZ TR HTIE T & ZHIASTHE L 72 - 726
@) WH XY a2 E@EEEFAESEL 2 LICXD), &
AR BEAL Y AT D EREE LT
RYATAIE20044E7 ALY, JFE AF—)V  PHHARE
AN BV CIEF KRB P TH Y, ERTHOY -5 4
LMK E CHBL TV 5,

SEXH
1) VHiHfR—32. JFE £ No.5, 2004, p.1-7.
2) Wang, PY. Two algorithms for constrained two-dimensional cutting

stock problems.

JFE B¢t No. 15 (2007 42 J)

3) <http://www.ilog.co.jp/>

HE FK

Bl B



