HWAHAK KONGHAK Vol. 38, No. 6, December, 2000, pp. 791-803
(Journal of the Korean Institute of Chemical Engineers)

HEe MES 71F OIS s2ASHe| soetAlzt 28 LRIE X HEMAE

Completion Times Algorithm and Optimal Production Scheduling for Multi-purpose

Ay Vé o gJojA & 3
AIZE el Hslshe ARk 750} %Efclt 1%54 Fo] gol ool utel Al o] H93
Aol g ool Z7t dielth
TP o] AFEY

e

%’“ALE

Batch Process Including Recirculation Products

Sangdae Park, Yangjin Kim and Jae Hak Jun§

School of Chemical Engineering and Technology, Yeungnam University
(Received 1 June 2000; accepted 14 September 2000)

FEAFART e BEE ke FEAFAC] H2 B d B I7REY 349 24 Hd
gl =i

el

-

r\j

SPiE FRE A WA O AR A Ao, SEATEE HEE $49 duY
o

FHOE o] Aol o), XA OEEEEel HEl tEA sEAagel gk dte g 5 Aol
1 o= UE4 g el

O
Ut BN oIF IFTF T ARl e B9l I
A YAt Dol A%E ool
[e]

el XﬂEO NS 2Ea el LA

24390l 7HE 2 7P BASAT A 420 Bohsw 2dersl 2
=

ek, et e 3
ol AeB BHATL FA Rkl o T A K]
TOIAE FUAL B FEALE T B A9} E FNL

YE 5 Tle
2ot 2 B

2439 det & 5 g H &2 D 4
FAE e A AFS 7H vk oA 5]-.&%730 ZHHEANS ooz TS T 2 7}
o] o Fe 3 B daEse] 4 A4 S, At A3ek Gantt cha® YERASITE BT o EAIE £

3171 918l 2 Genetic Algorithng o8-8 22 ‘3”711514 5 et

Abstract — Even though the efficiency of batch process is lower than that of continuous process, the batch process has
been increased in the chemical process industry over past decade. The batch process is more suitable process to meet with
the frequent changes of demands as the taste of consumers is changed within short period and life cycle of products is short-
ened. The researches have been classified the chemical batch process into two types, multi-product batch process and multi-
purpose batch process. Until now, the multi-purpose batch process had received little attention than multi-product batch pro-
cess by researchers because of several characteristics which is hard to deal with such as irregularity of production path,
existence of infeasible operation sequence and complexity of operation. Park and Jung[13-14] have studied the completion
times algorithm and the optimal scheduling for multi-purpose batch process which have no recirculation products through
the processing units. But in the case of real industry, for example the electronic semi-conductor industry, they usually have
the products with recirculation path through the processing flow. So it can't be argued without appropriate considering of
recirculation of products flow. In this paper we have developed the completion times algorithms of single line multi-pur-
pose batch process including recirculation products under consideration of the non-zero set-up times and transfer times. We
also developed the optimization method, genetic algorithm, for optimal scheduling of multi-purpose batch process includ-
ing recirculation products. Finally the performance of the proposed algorithms was tested by several randomly generated
examples and the Gantt chart results are presented. We used Genetic Algorithm for solving the scheduling problems and

optimal solutions are also presented.
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Fig. 1. Reclassification of products for multi-purpose batch process.




(a) Original recirculation product

{b) After separation of recirculation product

Fig. 2. Multi-purpose process 1 including recirculation product.
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Fig. 3. Multi-purpose process 2 including recirculation product.
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Table 1. Values of R and L, for example process 1

SubscriptP P | P, P, P, P P, Ps P
P value 0 0 0 P U, U, U, U,
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Table 2. Processing times for the process of Fig. 4(a) and Fig. 4(b)
@ (b)

U | U, | U | U, U | U, | U | U,
P, 12| 10| 7 R|12| 10| 7
P, = B 4 9 8
P, 7] 9| 4|5 R 4 | 5
Pl 7] 9| 4| 5
Table 3. Value of three variables for the process of Fig. 4(b)
P Uim O
Lst| Zna| 3 | 4n Lst| Zna| 3 | 4 U; | Uy | Us| Uy
U, | P | Py P U | Uy | Ug Pl1]2]|3
U, | PPy P P, U, Usz| Uy P, 312
U | P3| Py | PPy P; Uz U, P, 1
U,| Py | Ps| P, P, U, |U,|Us| U, P,l1|2]|3]| 4

Table 4. Completion times for the process of Fig. 4(a) and Fig. 4(b)

Cij CiJ'
U, | Uy | Ug | U, U | U, | Ug | Uy
P, | 12| 22| 29 R |12 | 22| 29
P, 35 | 17 8 | = P, 35| 17 8
Py 4 13 R 4 13
P, | 20| 31| 35| 40 20( 31| 35 40

Completion times for the process of Fig. 4(b). Completion times for the

initial process in Fig. 4(a)
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Fig. 6. Schematic diagram of example process 2.
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Table 5. Values of R and L, for example process 2

Ry Ly
SubscriptP| P| P, | Py | P, | Ps | P | P, | P3| Py| Ps
P value O P | O|P|P | U |U | U;| U |U

Table 6. Processing times(j for the process of Fig. 6(a) and Fig. 6(b)

@ (b)
U, U, U, = U, U, U,
P; 7 6 9 R 7 6
P, 4 12 8 B 6 9
Ps 12
P, | 4 | 12
P 12

Table 7. Value of three variables for the process of Fig. 6(b)

Py Uin Oij
:lst 2nd 3rd 4th 51h :lst 2nd 3rd Ul U2 U3
U, [P [P, P,|U,|U, Pl2]|1
Uy | Py | P | Py | P | Ps P,|Us|U, P, 2
U | Py | P, Py | U, | U, P, 12
P U, U, P21
Ps | U, Py 1

Table 8. Completion times for the process of Fig. 6(a) and Fig. 6(b)

G G
U | U, | Uy U | U, | Uy
P, | 25 | 18 R | 25 | 18
P, 0 | 34| 40 | 34
P, 12 | 20 B 12 | 20
P, | 36 | 32 36 | 32
Py 52 52

Completion times for the process of Fig. 6(b). Completion times for the

initial process in Fig. 6(a)
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Table 10. Completion times and optimal sequence for the process of Fig. 8(a) and Fig. 8(b)

G C; Optimal Sequence,P

U | Y | U | Uy U | Y | U | Uy L | 20| 30| % | 50 | Bn | %n | 8
P, | 167 | 276 327 P | 167 | 276 327 Y|P | P | P | P
P, 315 | 113| 23 P 315 | 113| 23 | P | P | P | P | P | P | P | P
P, | 8 | 157 | 176| 189 pP| 8 | 157 | 176| 189 U| P | P | P | P | P | Ps| Py | Py
P, 243 | 212 243| 212 Wl P | P | P | P | P | Py
Ps 301 | 386| = 301 | 386 Makespan=422
Ps | 28 | 43 | 67 R | 28 | 43| 67
P, | 142 | 106 142| 106
Py 192 | 248 | 282 192 248 282
Py 366 | 342 366| 342
Pl 397 | 422 397| 422

Completion times for the process of Fig. 8(b). Completion times for the initial process in Fig. 8(a)
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Table 11. Set value of parametefor example process 4
1 2 34 4 5ty 61y Tt 8 9 10, 11, 12, 13, 14, 15, | 16y
U; Py P1o Ps Py
Pk U, Py Py Ps P, P7 P3 P Py Pis Pis
Us P, Py Py P, Ps E Pg Pig P3 Pis

U4 Pll 4 7 PS 9 P13 PlG 3
Rp Pl P2 P4 PG P7 PS PlO Pll P12 P13 Pl4 P15
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T ) Ui Ap
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Pp,| 15| 5| 10] 5 Rl 1] 2] 3] 4 Blu |y |u]u, Pl 5] 3]s 6
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P 15 P 1 P | Us P,| 4] 3
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Py 5 | 10 Pe 1] 2 Pe| Us | U, Po| 6] 5| 3
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Table 11. Continued

Set-Up Time on 1st Unit
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PlO

PlO
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P

Ps

Set-Up Time on 2nd Unit

Set-Up Time on 3rd Unit

P

Ps
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Table 11. Continued
Set-Up Time on 4th Unit
Py P, Ps P Ps Ps P, Py Py Pio Py P Pis Py Pis Pis
Py
P,
P, 4 4 3
P
Ps 3 2 2 2
Ps
P, 4 3 3 4 4 4
Py
Py 4 3 3 4 4 4
Py
Py 5 4 4 3 3
P
Pis 5 4 4 3 3
P
Pis
P 5 4 4 3 3
Table 12. Completion times and optimal sequence for the process of Fig. 10(a) and Fig. 10(b)
Ci Gj
U, U, U, U, U, U, U, U,
P, 12 25 40 P, 12 25 40
P, 48 83 48 83
P, 184 206 216 184 206 216
P, 58 68 105 116 P, 58 68 105 116
Ps 127 163 171 127 163 171
Ps 32 Ps 32
P, 91 60 40 91 60 40
Pg 142 122 = 142 122
Py 157 157
Pio 74 P, 74
Py 93 93
P, 106 106
Pis 169 148 133 169 148 133
Py 188 188
Pis 208 208
Pis 224 239 224 239
Completion times for the process of Fig. 10(b). Completion times for the initial process in Fig. 10(a)
Optimal SequenceP
1y 2o 3 4, 5t 61 T 8 9 10y, 11, 12, 13, 14, 15, 16y,
U, Py Ps Py Pio
U, Py P, Py P; Py Ps Pg Pis P3 Pis
Us Py P7 P, P, Pg Pi3 Ps Py Ps Pis
U, P; Py Py Pis Py Ps P3 Pis

Makespan=239

HWAHAK KONGHAK Vol. 38,

No. 6, December, 2000



802 el

o EW R
() R
ETHIEEL T

-

Temrmpart @

| i Ehll?ﬂll o

&

- A

Sl Lt I

i ] =
i 121 NECHI GER BTH

- |
8

K

G0N BEVE BEENE EO0
EENIED] BCE B

1z
3 FENE TIENE | NEWS: B30
14 BEY | cl S

ib) Gt Char For Drigingl procees

Fig. 11. Gantt chart for the result of example process 4.
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G : completion time of i product on j unit
t : processing time of i product on j unit
U, :unit at whichi product was processed mth
O :order of i product on j unit
Py : product which is processed kth on j unit
Aip :time that i product is transferred from pth unit to p+1th unit
Sj+1j :set-up time between i product and i+1 product on j unit
R : upper product of i product
L; - last unit on which i product was processed
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