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Abstract: A hot-rolled batch scheduling problem with periodic machine maintenance for steel tube was extracted and
defined from the production management of seamless steel tube. According to the characteristic of the hot-rolled process,
this problem was abstracted into a single machine scheduling problem with sequence-dependent setup cost and flexible
machine maintenance, and a mathematical model was built with the objectives to minimize idle time and adjustment time
of the machine. By analyzing the relationship between the idle time and the location of the maintenance, a property with
respect to the idle time minimization was given. A two-stage heuristic algorithm was presented based on this property
and other characteristics of the problem. At the first stage of the algorithm, a rule to minimize the rolling mill setup times
was used, and the initial sequence with the smallest machine adjustment time was produced. At the second stage, a global
optimization search was performed based on this initial rolling sequence to optimize the overall goal value. With the actual
production data, computational experiment were carried out on the problems with various problem size, and experimental
results showed that the model and algorithm had obvious effect on solving this problem.
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Fig. 1 Diagram of flexible machine maintenance
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OSAFLE I AAD:

SRIATUEM B B LR P SR A

Setr =1;

For each (r € R — 1) do {15 4ATRPPHHLEEIA
B[R], K idfEspare}

If (spare > 0) do {Search [ inr + 1} /* {4 N
B R I BTRPP Y & 5T B/
If (Cippy) — pi + 0 +t < V) do {exchange [
with ¢, update I} /*PATBIEAE, SCHudth 21 Fli/
If (spare > 0) do {Search j in 7 + 1} /#3] WK
ST AT BIAL #AE*/

If (Cipm) +p; +t < V,,) do {Insert j to r,
update I} /*HUATBIAIE: /E, 4 fit & 46 A\ 24 HTRPP
rhE/

End For
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54 HZEERESW
T R4, RBIOAFIOSA [ 8355 24 5 43 7l

ﬂyO(mi:Q Zz_dl (m - d)RIO( S (m?+2m)), Sehitk

m=2

PRI R, S RS THtE S, MoE L R E R
Al A n i, RBIOAFIOSA [ 5% 5 4% 5 ¥ ANk
FO(n?).
6 FIELLE
6.1 SERHETH

N T BEAEA SCRTHRSRRAE SR AR LS L P )
AR, T B E A KR TC SN 2016 4F
6-9 H (ML R ZE I it 7% b s as, Hoh i R
FEASE: {EEID WEHE MRS, o, itk
TS HUE B R Bros: 1080 3% 8284k 6 [ oy
[50, 150], f—Htt& PR Fra B0 A 40, 500].

T ERSHEE 1 SH 1050 U 2H %50, 80,
100, 120F1 150/ MR RIFEAE SR, HOWBARE T HH
KSR, EEARE: B X RS FE X (R0
FRAZ BT Kt (A T R A5 B R A A& TH Rl 34T e
B, AREEREE = 24h, BAEIX KN H25h), o
1 BAE (AT DU 4 AN [ 4 B SR 3 AT BT I B, AN G2
HFiXEa =B = 0.5 afbEATF T s 4T
TR E, A ED = 30,a = 0.1 - b).

FIFHRBIOAFI I B 3 & s 12 (RBIOA4-OSA,
SR RR Atk 1 FE AL A 550, optimization algorithm
for batch scheduling algorithm, BSA) DA S 5 bb By %}

FEABGIG AT SR AR, TH25 1A SEIR 45 5. IR
LAY 2R B [F) I 25 R AL 25 1 B 8] 5 271 AH ORI 2%
PERTAZ () LA B AL 2 T @ 1 SR, =5 18 21 5L
BR [1TTRISCRR (1315 A SO IE N 25 S AH AL, 79 3 R
BT VN E A A P AL B2 i) R4 T 43 A, A
FUHHS 2 S (] B /MU B H BRI L, 80 A A
ST B, AR SR (111K A T G 4RIk A
RAFE, B Foai 44 Ay i/ MU iR 58 T T Rk
(minimize makespan algorithm, MMA); SCiik [ 131
KNI A AR SE KA (longest processing time, LPT)
SRS RS MR A VA FEE e 3L, et n LI [ B 5
FUNZRAFHIAE I T 41, 22 HFb e w] A s 8] X 8]
I RL R e A i JAR A B . MMAFILPTS . (1)
A5 HI90(nlog n)MFIO(n? log n )13, A
A SCHINT BB, S IERBIOAFIBS ABEALE SR ARHL
A AL e @ e R R

A 3K H Microsoft Visual C# % 5 HiE R 7, 1F
Net Framework 3.5HEZRIF 45 T S2H, i 424 45 N Intel
Core 15-2410M CPU /2.30GHz/8GB/Window 7.
6.2 SERZRIHT

S LSRR R,

IR AT LA a4 i

1) B3 H R & b LA R BE I (] 45 7), RBIOA
AR R HET 45 B EEMMA I 45 3P 2016 82.4%,
BSAMHEF 45 B ELLPT VB4 4£90.5%. A ik
S FIMRMS TR DU 2 AL 245 8 2 A (8] 5/ S )%t
EHHT AL EE, TIMMAFILPTH: 4 % FE 15 1 A S ik
DHLES VRSN R (R PR U, A LA VR A T ] 2R K.
DRI tid s Eadont B4 BEmT A A FHMRMS TR ]
DLIRAR SR iR i, e AP BRIk T N T R
LSRIHE- I
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Table 1 Experimental result

fEL% Sk RPPE BUAEN/min SNENE/min - AAFREUE/min - T K/ms

RBIOA 2 3334 41 187.2 10

50 BSA 2 333.0 0 166.5 6
MMA 3 1104.4 310 707.2

LPT 3 1737.0 0 868.5 5

RBIOA 3 297.0 40 168.5 15

%0 BSA 3 297.0 0 148.5 10

MMA 4 1575.0 93 834.0 10

LPT 4 2736.0 0 1368.0 7

RBIOA 4 330.4 109 219.7 10

100 BSA 4 297.0 0 148.5 11

MMA 5 1751.6 149 950.3 12

LPT 5 3318.0 0 1659.0 8

RBIOA 6 296.6 39 167.8 22

120 BSA 6 297.0 0 148.5 16

MMA 6 2105.6 110 1107.8 15

LPT 7 3666.0 0 1833.0 9

RBIOA 6 297.0 34 165.5 19

150 BSA 6 297.0 0 148.5 23

MMA 7 2277.0 44 1160.5 19

LPT 8 4917.0 0 2458.5 10

2) &bt B AR R EL AL 8S R B (A1 43, R AL
B B 48 2 R gk AT TR, Sk B &
JA W N6K, ML 8 k1B I K h24 h, BEAZ X (R FE N
25 h, HEEIN T (A LN T8, /DU TS50
WE, PATEIERALH B S, BSATERBIOA 24t I
KB TR, RIS 7E 4Tt s A S 5
W HE FLPTHUNLE R 2 FEN AR N B [ BE SRAREC T
(. AL B B R AR K /INTE40, 500] (7], 7R
ZSHWE T, i TR RE LM, A RLPTHLHE
J (PR T DATE XS I AL ) o A e S A X Py
TSERR, F=AE T LA A B T2 OB .

3) fE KA H br ek %, BSAELRBIOA: %44k,
T16.3%, W6t T A X HIEBSAE i A HE P45 1 F A
A WU AR A B T MMA R LPT 5 5, BSA B
MMA-F AL 17 84%, ELLPTF 34114490.7%. [7) i
ST BSAFILPTAE A4 H Ak iR £ _E SR, o] BASSIE
e FMRMSTHE N (FIRBA LU AN % FE AL 25 1 & 1) 1] f)
LPTEVEFEAL.

4) FEEVEIHE T T, RBIOAFIBSA LA K N} b 4032
MMAFILPTHB GE7E 556 B 1R P SR 15 45 3, BT A
SRV R B ACHY B, SR R) Exe LSRRG K, (H
[H) & T2 it S, HAVER JA#, i
SRR TR T A PR R R AN, TR S o L 22

N T IE I B ) 2 LS 56 4 R, 2 i) it 4 1
K6,

i EenT LA R I T 4k

1) Xt 6(a) AT /BT AITE 4 A it = B R RBIOA
FIBSAF S RPPANHH ], ALK BE FIBS A KLY B
B WIUE 1 i S RPPACE:, (H2 S B AR T
XL RVEMMAFILPTHHEF 45 1. RPPAE [ 1 #L
oAl R, 6 M [F B R RPPECER (20, 7T LA
HETE SR AR S (R R, A S BVAAE ST M8 FH A%
L HEA R IROR, G e R R e TR (A

2) 43 B E6(b) ) Hh 28 78 B, AT LR BIUBS A B 28
—HE A7 TRBIOA T 77, #t A B b e 5 ek 500 2 0 AT,
BSAXI W46 M BYRBIOA L 7= A AL ) 1 — 2 1Y
PeALAEH, TR B 7 ih 2 A A ZE A K, AT LA
B HERALEY BEBS AF I A L 25 R HE 1 [|) i 52
WBARIE T84k H b T2 A3 TRk
B, ARUE T B AR R BR bR R4, AH EEER T MMA Al
LPTHI 3, v LLK I BSAFIRBIOA HH 28 76378 )
FEHRTT, #OE H AR SRR SRR I 28 ) 31 P SR AR AL
R R B B

ST, 0 FE R NSRS 1 SR LAE P2 R
JEE A 3, AR SC 5 T RBIOA RIBS A B35 EE Sk (11140
SCRR 131 X b v oA B AL 3, 2R A
B —, XF ESCHR I S P R 2 EE R T BRI F AL 28 D4
51 D PR BT V) PRI AF D HE P B, AT L7 R A s [ e
IR EIRAL, iR A HEF 453, 55—, RBIOAK A7
I3 EE BN R AE TR IO ORI A, B RN BB
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R 7E 32 Ee rh T [ E R E T L, AR XNE FA L
AL 8 RE B 8] 3 B AH G AN S L3S KB AH 25 6 1 1
DUHEAT 25 18 . A SCHE T e S AN P L LB 2 [ el
Fo T RAENASAAE RV FURRF 1, FE B ML 5
I TR) AN DR B 18] H AR, 57 1 25 REATL A BE I )
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