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A study on the improvement of work flow and productivity in complex
manufacturing line by employing the effective process control methods
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Abstract Due to the change from small volume production to small quantity batch production systems, individual
companies have been attempting to produce a wide range of operating strategies, maximize their productivity, and
minimize their WIP level by operating with the proper cycle time to defend their market share. In particular, using
a complex workflow and process sequence in the manufacturing line has some drawbacks when it comes to designing
the production strategy by applying analytical models, such as mathematical models and queueing theory. For this
purpose, this paper uses three heuristic algorithms to solve the job release problem at the bottleneck workstation,
product mix problem in multi-purpose machine(s), and batch size and sequence in batch machine(s). To verify the
effectiveness of the proposed methods, a simulation analysis was performed. The experimental results demonstrated
that the combined application of the proposed methods showed positive effects on the reduction of the cycle time
and WIP level, and improvement of the throughput.
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Fig. 1. Research Objective
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Fig. 2. Proposed heuristic for job release
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7 2-1 2 2 2nd Process
8 2-2 1 2 2nd Process . : s
5 3 5 . nd Procoss Table 2. Rules that considered in this paper
10 2-4 2 21 2nd Process Decision _problems Rules
11 2-5 2 5 2nd Process UNIF(UNIFOM)
12 3-1 2 5 3rd Process CONWIP
13 32 2 5 3rd Process (Constant work in process)
14 33 1 3 3rd Process Job lease in bottleneck WR(Workload Regulating)
15 4-1 2 8 4th Process L) (Graves et al. 1995)
16 4-2 2 23 4th Process SA(Starvation avoidance)
17 5-1 1 1 Sth Process (Glassey and Ragende 1998)
18 5-2 1 2 5th Process proposed Heuristic(JL_PH)
19 5-3 1 1 Sth Process FIFO(First in First out)
20 5-4 1 3 Sth Process Product mix SRPT
21 5-5 1 2 5th Process (PX) (Shortest remaining processing time)
22 5-6 1 3 Sth Process proposed Heuristic(PX PH)
23 5-7 1 1 Sth Process Batch size & sequence FIFO
24 5-8 1 2 5th Process (BS) proposed heuristic(BS_PH)

311



R4S &8 = EA) AT 5B, 2016

5 2 AI%I 1J—_|_|.
5.21 7|1& =
Hx 2EFEQ
SAE, whaa 2

e

£ %HI

O]_H-
==
=

2 UNIF, CONWIP, WR %
T2 © & FIFO, SRPT, CWLZ,
Hjx =A% ﬁL Z © 2 FIFO, BFQLY thated F 2474
o] FAR IS AFsigth

Table 3~6-= ﬁLz—l Z£%
oh:}

=] 79(]] Xl—

o _IE

HolgEa

A Fahths Aol
AJ2HE-& CONWIP, WR % SA 3 o]
UNIF ¥ 5t} 31 Ato] 2ek) st Het AleA
UNIF 729] ¢ 448 Argolx gAsHA 571t
S & 4 girk AR, CONWIP, WR 3 SA®] 79+
Pl SEHA R AjgAado] s ekvts] S7hstsit
WA o 7 SAQ} CONWIP o] WR & Ko} oFzF
o7 B 4 gl
o=, WRJJr SA T3]

o
[e]
e
()]
=4

>~

do 2

SRl
T3
H, ALk
o
A
o= £, Table 5, Table 6°4]

2Pl A= ARl AT 4132 A Aol 2 B
A
=

r> —’Zi »

b
i

mQ

m&

[e]

.

o

Ake ol A /‘}01%

(e} o]
e T A4S

2]
=1
mm

[

i
4
%31
RES

NEAL7}; 242} 356.49) 61.40)%1 21} SA-PX PH-FIFO
Gl A= AAEEo] 41421 A5 AlolF el A)
7} 310.8% 55.70] 2% SA TFH o] Rt 53k
It} SATHE ©] EF Tl vl s Bol

R

N e cij
cois
=

i
&
~
o=
i

Tl A AA
JAHE, AbolE
Z]¢] FIFOY} SRPT Wt} $-4=3F Av=
IS Sl A= AlelF ElYlo] 7HE v
Ebl o A=
A= B 01?01]*1 XH
AAF AR A
= 7|9 FIFOY SRPT 7132
Ao E AFolA Al
HIAIZES SAld] st the

o ]
:U*r&

>

O

‘
>

=

o 2 oo N of

>
[T T

mlo._Q_Q

> >
R

HN

312

83t
HVHQE A =271 9@ 7beeAE 2Ase
< FIFOS} & Aol A #|okst W(BS_PH) Atole] A
SAtole A okth o2 3k A o] Aol B
o7 BEFA s g T4 tr] F AlTAL
7F Aof wiA] 7k dge] Qo] A FapilaL, ol ¢l
3 AA sl mFl GaFol mekly] Wl e
olgth
ol Al 7HA A Aeletd &L%‘—Er
2= CONWIP, WR, SA7} Atjdoz <
AR AR 2 A7lA xﬂf&?& PX PH ?rﬂ
FHE & 5 Ak aEa iR 7] B 7EEA
AR L 2 ATl A AQre W] 7]&2] FIFO W

43} 2 Aol7k ghas & & Ak

2

o]
H

=
o] -38kS

2

KX
o

o]
pos

&

Table 3. The result of combination when applying UNIF
as job release rule

Combination Arrival | Productio | Cycle WIP
(JL-PM-BS) interval n_rate Time
30 0.8 206.5 6.9
20 1.19 176.2 8.8
15 1.6 167.5 112
UNIF-FIFO-FIFO 10 2.4 177.6 17.8
9 2.59 713.3 79.3
8 235 | 3959.4 494.4
30 0.8 206.6 6.9
20 1.19 176.3 8.8
15 1.6 167.5 11.2
UNIF-FIFO-BS_PH 10 2.4 181.5 18.1
9 2.6 713.3 79.3
8 234 | 3996.6 499.9
30 0.8 207.4 6.9
20 1.2 178.2 8.9
15 1.58 167.8 11.1
UNIF-SRPT-FIFO 10 2.4 181.2 18.1
9 2.67 222.4 24.7
8 2.85 | 1346.9 168.5
30 0.8 207.4 6.9
20 12 177 388
15 1.6 166.2 11.2
UNIF-SRPT-BS_PH 10 2.4 182.8 183
9 2.67 2259 25.1
8 283 | 13728 171.9
30 0.8 208.2 6.9
20 1.2 176.9 8.8
15 1.6 166.6 11.1
UNIF-PX_PH-FIFO 10 2.4 164.5 16.5
9 2.67 179.7 19.9
7 3.44 2763 39.5
6 3.01 [ 3819.9 655.3
30 0.8 208.2 6.9
20 1.2 176.9 8.8
15 1.6 166.8 11.1
UNIF-PX_PH-BS_PH 10 24 166.6 16.7
9 267 180.1 20
7 3.41 807.2 1153
6 3.02 | 51853 368
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Table 4. The result of combination when applying 100 2.13 171.6 152
CONWIP as job release rule 200 2.67 234.8 26.2
WR-SRPT-BS_PH 400 278 380 43.9
Combination WIP Production Cycle Time 600 2.79 527.8 61.2
(JL-PM-BS) rate 700 279 | 6026 70.1
30 2.67 270.2 100 234 163.8 16
50 273 4418 200 300 | 2426 313
CONWIP-FIFO-FIFO 70 271 617.8 WR-PX_PH-FIFO 400 413 | 3564 614
90 272 789.9 600 435 | 4969 90.4
100 272 882.2 700 432 | 5821 104.9
30 2.65 272.1 100 234 1642 16
50 2.68 4482 200 3.09 | 2439 314
CONWIP-FIFO-BS_PH 70 2.69 620.9 WR-PX_PH-BS_PH 400 415 | 3565 614
90 274 782.5 600 431 | 4953 89.5
100 273 877.8 700 434 579 104.8
30 275 262.1
CONWIP-SRPT_FIFO 38 ;Z 23;? Table 6. Thg result of combination when applying SA
%0 281 7591 as job release rule
100 278 863.5 Combination alpha . Cycle
30 275 261.7 (JL-PM-BS) valuer | Troduction o | WIP
50 276 4344 5 292 | 3177 388
CONWIP-SRPT-BS_PH 70 278 603.4 0 303 | sas 4
9 281 7674 SA-FIFO-FIFO 15 3.02 | 493.1 61.9
100 28 8588 20 305 | 5689 717
30 3.58 2012 25 287 | 6511 96.2
50 4.14 2908 5 3.01 | 3444 38.8
CONWIP-PX_PH-FIFO ;g 4;‘22 23(3)‘;‘ 10 295 | 4226 52
: : SA-FIFO-BS_PH 15 298 | 469.5 58.6
100 429 558.6 20 312 | 6161 723
150 4.16 867.1 25 3.03 | 6386 814
30 3.56 201.5 5 278 | 3105 352
50 4.09 292.5 10 283 | 5119 60.7
CONWIP-PX PH-BS PH 0 4.29 392.3 SA-SRPT-FIFO 15 28 | 5829 | 679
- 90 433 500.6 20 283 | 7615 89.6
100 432 557.9 25 277 | 7669 88.5
150 417 865.6 5 278 | 2863 342
10 284 | 5745 67.7
SA-SRPT-BS_PH 15 283 | 5779 68.7
Table 5. The result of combination when applying WR as 20 282 | 7729 91.7
job release rule 25 2.81 816.6 96.3
5 387 | 2481 72
Combination WIP in . Cycle 10 4.14 310.8 55.7
(JL-PM-BS) Bottleneck || Time WP SA-PX_PH-FIFO 15 418 | 41211 72.1
100 225 169.7 15.9 20 427 | 4573 8.1
200 2.62 285 311 25 42 | 5399 96.2
WR-FIFO-FIFO 400 262 | 5584 60.9 5 389 | 2713 438
600 2.63 824.9 90.5 10 413 | 3533 60.8
700 2.63 964.1 105.6 SA-PX PH-BS PH 15 422 | 4074 718
100 225 169.8 15.6 20 423 | 4367 774
200 2.61 286.9 312 25 43 | 4596 823
WR-FIFO-BS_PH 400 2.61 559.2 60.9 * GAlasssey and Regende (1998)
600 2.63 828.7 90.5
O e e 5.2.2 MIQHEl MAEUSHFAIDI X8 S}
200 27 | 2332 26.3 ool AHE o] gsle] B Aol AA AYF
s | [ o, mo e Wi s e
700 2.78 606.3 70.2 2AF e =3slT)
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Table 7

k]

JL PH-PX PH-BS PH Xl
Table 7. Combination results of proposed heuristic methods
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