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A Scheduling Strategy for Reducing Set-up Time and Work-In-Process in PCB Assembly Line*

Young-Hae Lee** - Duck-Han Kim***: Sung-Jin Chun****

Abstract

Printed circuit board (PCB) assembly line configuration is characterized by very long set-up times and

The scheduling method can significantly reduce the set-up

times and WIP inventory level. Greedy sequence dependent scheduling (GSDS) method is proposed based

on the current methods. The proposed method is compared with the current methods in terms of three

performance measures: line throughput, average WIP inventory level, and implementation complexity.
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Figure 2.1. SMT PCB Assembly Line.
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PCB data.

PCB type
No. of component types assembled by M1
Total no. of component assembled by M1
No. of component types assembled by M2
Total no. of component assembled by M2
Assembly time of PCB i in Ml
Assembly time of lot i in M1

Assembly time of PCB i in M2
Assembly time of lot i in M2

Table 6.1.

1 2
29 20
63 40
14 10
86 62

1.05 07

21 133
143 1.03
287 207

3 4 5 6 7 8 total
41 19 19 19 17 13 177
198 190 42 41 29 13 616

6 9 8 9 10 12 78
111 187 43 42 41 30 602
33 317 07 068 048 022
66 633 14 13.7 97 43 2053

185 312 072 07 068 0.5
37 623 143 14 13.7 10 2007
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Table 6.2. Component types sharing among PCB types.

Common components on Ml

00 1 N B W N =

[N I ST T S I NCTN NG S NG Y NC T N Y GOSN
W BAUNEWRN S VREARNNDE WD — o 0O

Shared among PCB types Common components on M2 Shared among PCB types

1,235
1,235

1
2

,3
, 3
3,
2,
.5

N

00 W 0D W

SR

-

Woh W W W e w

s

s

7
3

5
7

1 1,23, 456 7,8
2 7, 8

3 4,6, 7

4 3, 4

5 2,317 8

6 I, 8

7 5 7

8 4,5, 6,7

9 3,45

10 4,56,7, 8
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Table 6.3. The PCB's data for use in the GSU method.
PCB type i 1 2 3 4 5 6 7 8 total
No. common component in PCB i on Ml 4 12 18 5 14 2 8 5 -
No. of residual component in PCB i on Ml 25 8 23 14 5 17 9 8 109
Total no. of common component in PCB i on Ml 5 23 57 88 31 3 13 5 225
Total no. of residual component in PCB i on Ml 58 17 141 102 11 38 16 8 391
Assembly time of common component in lot f on M1 1.7 7.7 19 29 10 1 43 17 75
Assembly time of residual component in lot ; on M1 19 57 47 34 37 13 53 27 130
No. of common component in PCB i on M2 2 2 4 6 5 4 7 5 -
No. of residual component in PCB i on M2 12 8 2 3 3 5 3 7 43
Total no. of common component in PCB i on M2 36 47 108 184 39 34 33 17 498
Total no. of residual component in PCB i on M2 50 15 3 3 4 8 8 13 104
Assembly time of common component in lot i on M2 12 16 36 61 13 11 11 5.7 166
Assembly time of residual component in lot / on M2 17 5 1 1 1.3 27 27 43 35

Table 632 GSU <& #4387 fdte 7
T FEH Fo BELZ A4 FEIHA XY
Mt Y AZHE BAIG R0l X, Table 64
SDS W3 GSDS WHe H&sted "ad
SHP A9 sjd& #g 94 dHeolgoln

Table 659 o] GSDS ® el
PCB 79 %’—% €28 1839 ¥
fU:} HA 10002 FoiF
} B9l wek PCBE o
LB A E A e

FH Azt

rlo

ol

L 71 24l AA
g Z2F#Hoz 74

lolAEs AEAQA Wyl wisd] 4089 Ful A
g, 71A 29- e 26589 FH NS AT
t}. Table 6.5& GSDS ¥¥olx PCB #%& 1
3 #d7te 33 E NG Ao

Figure 612 4% ZAE Gantt AEZ A
Rolty, 1 Az} GSDS HHiol HA e makespan
< 72 Ao YEyY

7k 2AEY WA og F¥ AIeE o
<3 2o, 3 49 BAE VA 15 A 2
Zyzbe ti gt Eul A7 BAE Zolt), Figure
6.201 zt e FH) AIZHE AT,
Strag=255%-, (177/78), Scsy=190%, (137/53),
Ssps=213%-, (151/62), Sosps=190+, (137/53).

Table 6.4. The common component types between PCBs for use in the SDS and the GSDS methods.

PCB i 1 2 3 4 5 6 7 8
1 3 5 1 4 1 1 2
2 3 9 1 8 2 5 3
3 5 9 6 10 3 5 3
4 1 1 6 7 5 4 2
5 4 8 10 7 3 5 3
6 1 2 3 5 3 4 2
7 1 5 5 4 5 4 7
8 2 3 3 2 3 2 7
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Table 6.5. The saving for set-up times by GSDS method.

PCB type

I 3 5 2 7 8 6 4 total

sum of set-up time using traditional method on Ml for each PCB group 29 70 89 109 126 13 32 51 177
sum of set-up time using GSDS method on M1 for each PCB group 29 66 77 8 98 8 25 39 137

No. of PCB group using GSDS method on Ml
set-up saving using GSDS on Ml

1 r 11 1 2 2 2 .
0 4 12 23 2885 7 12 40

sum of set-up time using traditional method on M2 for each PCB growp 14 20 28 38 48 60 69 78 78
sum of set-up time using GSDS method on M2 for each PCB group 14 19 25 33 38 45 50 53 53

No. of PCB group using GSDS method on M2
set-up saving using GSDS on M2

11 1 1 1 1 1 1 -
0 1 3 5 10 15 19 25 25

2 AN, AEHA PYE 71FeE GSU
U GSDS THE AL S wo Fu A7
o Bz 65 / 255 = 25%¢9) wrde] SDS W
Bl X E 42 / 255 = 16%°]t}.

Zh el A Z1A 1 1A 20 dE Be
AE 7z thg g g

. M1
Traditional M2

T /™ =323%, T PU=3423% T P=3%2%
TSP =342 38
T 7=2187%, T §°V=537%, T $5=0278
T §5=25378

Machine busy producing
current production plan

Machine idle during
production of current

4

production plan

356.3 ‘ @ Machine busy producing
% previous production plan

o H i
M1 7 8] 6] ‘
SDS L 52786 4
M2 RIS - 35/217.8°6 4 i . Machine busy producing
160.9 4236 ‘ next production plan
3423 b T
GSU b IR AL,
R R RIS
GSDS 718l 6] 4 ?
alel 4 |

0 100 200

- T T T

400 500 600 minutes

1: common comp. set-up, Il : common comp.assembly, Il : residual comp. set-up, IV : residual comp. assembly

Figure 6.1. Gantt chart for the scheduling methods.
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Figure 6.2. The set-up times for industrial data.
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Figure 6.3. The WIP inventory levels for industrial data.

Table 6.6. The result of experiment, when the number of component types is 50.

% of avg. % of
&0 70 80 90
oML comp. decrease
total no. of
PCB set-up | WIP set-up | WIP set-up | WIP set-up | WIP set-up | WIP
Traditional |  44.93 25 8357 50 125.25 875 167.3 137.5 - -
5 G&sU 2347 75 37.07 150 444 2625 | 4867 | 4125 63.5 -200
SDS 252 25 41.83 50 52.52 875 58.58 137.5 577 0
(630 ) 23.47 25 37.07 50 44 875 48.67 137.5 63.5
Traditional - - 91.47 50 | 16613 100 24.73 150 - -
10 GSU - - 3543 150 45.53 300 486 450 73.1 -200
SDS - - 47.47 50 70.47 100 81.23 150 58.7 0
GSDS - - 3543 50 45.53 100 48.6 150 73.1
Traditional - - - - 136.83 75 251 150 - -
15 GsU - - - - 386 225 43843 450 716 -200
SDS - - - - 1 5907 75 93.67 150 60.6 0
GSDS - - - - 386 75 4843 150 716 0
7 FIOlHE &% d4¥e A 5vix kol 7 AL AR YEHWI, U uhgd
PCB ¥l thale 50712 BF 48 34 Hls) GSU 99 ATE AL FFo Aujrt
A3 g F4) AzZHE Figure 6401 EA8Y B Ao 2 Yeytg,

A, Figure 659 22 AZE A2 $£2L dY

o °] Z¥ GSU w3 GSDS #¥el ZH] A
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Figure 6.4. The set-up times, when component types are 50 and PCB types are 5.
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Figure 6.5. The WIP inventory levels, when component types are 50 and PCB types are 5.
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Figure 6.6. The set-up times, when component types are 50 and PCB types are 10.
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Figure 6.7. The WIP inventory levels, when component types are 50 and PCB types are 10.
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Figure 6.8. The set-up times, when component types are 50 and PCB types are 15.Figure
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Figure 6.9. The WIP inventory levels, when component types are 50 and PCB types are 15.

Table 6.7. The result of experiment, when the number of component types is 100.

% of avg, % of
50 60 70 80 90
comm, oo, decrease
total no.
OB stp | WP | stup | WP | setup WP setp WP set-up WP sep WP
o
Traditional| 69.57 | 37.5 | 1303 | 75 | 1642 | 100 | 250.6 | 175 | 342.0 | 2875 - -
5 |GSU 4062 | 1125 | 686 | 225 | 73.83 | 300 | 89.24 | 525 | 97.62 | 862.5 | 61.3 | -200
SDS 43.55 | 37.5 | 747 75 83.17 100 106.6 175 1186 | 287.5 | 554 0
GSDS 40.62 1 37.5 | 68.6 75 | 73.83 | 100 | 89.24 | 175 | 97.62 | 287.5 | 61.3 0
Traditional| - - 9547 | 50 | 1819 | 100 | 257.2 | 175 | 4232 | 275 - -
10 |GSU - - 46.47 | 150 | 7347 | 300 | 89.75 | 525 |97.72 | 825 67.9 | -200
SDS - - 534 50 | 9623 | 100 | 1337 | 175 | 1724 | 275 52.4 0
GSDS - - 46.47 50 73.47 100 | 89.75 175 | 9772 275 67.9 0
400
-
.g;_ 200 —/\—Trad.
.E’.; —=—GSU
« 100 _gﬁ_,_,._.gg_:,..—c.—-éf‘;é —X—5sDS
. —— ey GSDS
50 60 70 80 90

percent of common component

Figure 6.10. The set-up times, when component types are 100 and PCB types are 5.
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Figure 6.11. The WIP inventory levels, when component types are 100 and PCB types are 5.
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Figure 6.12. The set-up times, when component types are 100 and PCB types are 10.
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Figure 6.13. The WIP inventory level when component types are 100 and PCB types are 10,
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Table 682 1507FA18] F-EFRFl W3l 5717 o Aujzt He ALEZ UeENY. EE B&E
PCB fr@el &3 43% ZAstoiny 2342 v A Az 712 AFHA Hd H]Eﬂ
¢ F¥] AZHE Figure 6149 YeEtdoH, AT GSDS ¥l &4 A} AFF EFAA &
F< Figure 6.159 7o) GSU %yl o WH €48 A2 Yt

Table 6.8. The result of experiment, when the number of component types is 150.

% of comm, avg, % of
50 60 70 80 90
o, ecrease
total no, of

PCR set-up| WIP [set-up| WIP [set-up| WIP |set-up| WIP |set-up| WIP |set-up| WIP
Traditional | 48.77 | 25 |[155.02| 875 (294.24|187.5 (41232 300 |515.69| 4375 -~ -
5 GSU 3153 | 75 | 821 | 2625 |12252|562.5]138.61| 900 | 1468 [13125| 63.4 | -200
SDS 32.03| 25 | 899 | 875 | 1448 |18751166.02| 300 |178.58| 4375 | 57.1 ]

GSDS 3153 | 25 | 821 | 875 {12252|187.5(138.61| 300 | 1468 4375|634 | 0
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£ 400
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Figure 6.14. The set-up times, when component types are 150 and PCB types are 5.
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Figure 6.15. The WIP inventory levels, when component types are 150 and PCB types are 5.
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Table 6.9. The result of experiment, when the number of component types is 200.

% of comm 50 60 70 80 90 avg. % of
com decrease
total no.
of BB set-up | WIP | set-up | WIP | set-up | WIP | set-up | WIP | set-up | WIP set-up; WIP
Traditional | 116.31 ] 62.5 | 260.36 | 150 | 378.3 | 275.5 |535.51| 387.5 | 682.72] 575 - -
5 GSU 67.98 |187.5|127.64 | 450 |161.05 826.5 |183.52|1162.5] 1954 | 1725 | 62.7 | -200
SDS 71.76 | 62.5 | 143.02| 150 |188.73| 275.5 |202.83 | 387.5 |239.24| 575 | 57.1 0
GSDS | 67.98 | 62.5 | 127.64| 150 |161.05| 275.5 |183.52| 387.5 | 1954 | 575 | 627 0
800
600
400 —/\~—Trad.
X —etrmn—- G S U
oéi——__ S il GSDS
50 60 70 80 90

percent of common component

Figure 6.16. The set-up times, when component types are 200 and PCB types are 5.
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Figure 6.17. The WIP inventory levels, when component types are 200 and PCB types are 5.
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