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A Heuristic Algorithm of the Line Balancing
Problem in Producting Printed Circuit Boards

TsuyosHl YAMADAT! and MARIO NAKAMORI'?

Today, almost all circuits of electronic devices are implemented on printed
circuit boards. In the present paper, we consider the line balancing problem
in the part of component placement. We propose a new indicator to evaluate
production time in the line balancing problem. Using the proposed indicator,
we obtain good solutions from the experimental results with real instances.
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Fig.1 Placement machine.
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Fig.3 Example of pick action.
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Fig.4 Example of mount action.
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Fig.7 Relationship between F; and Pjiq, (Examplel).
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Fig. 10 Relationship between variables and production time.
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Fig.11 Decomposition of the problem.
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Fig. 12 Example of saving method.
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Fig. 17 Estimate of the number of picking up.
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Fig. 18 Estimate of the mount time.
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Table 1 Real PCB data for experiment.
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02 000000
Table 2 Experimental result.

goooooo gooooo

Time 00000sO Time D00O0O00sO
1-4 304.40 1.55 285.69 1.47
1-5 248.79 0.88 238.97 0.91
1-6 219.73 0.63 198.57 0.61
1-7 207.53 0.55 180.99 0.44
1-8 189.06 0.34 180.76 0.34
2-4 920.14 73.81 903.18 70.41
2-5 758.29 35.39 697.43 36.77
2-6 667.90 15.08 666.06 17.17
2-7 666.06 10.09 666.06 10.20
2-8 666.06 7.25 666.06 7.21
3-4 963.95 28.52 963.95 26.80
3-5 963.95 18.64 963.95 18.64
3-6 963.95 15.92 963.95 16.78
3-7 963.95 14.43 963.95 14.54
3-8 963.95 13.66 963.95 14.39
4-4 320.42 2.01 321.16 2.53
4-5 296.16 1.48 288.22 1.55
4-6 283.88 0.93 268.68 1.11
4-7 239.91 0.67 235.39 0.54
4-8 220.55 0.43 206.46 0.41
5-4 1,270.85 386.55 1,276.01 390.53
5-5 999.04 222.55 1,051.65 227.52
5-6 876.46 133.72 849.75 139.89
5-7 767.33 87.13 753.08 93.06
5-8 710.87 59.59 650.10 61,92
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Table 3 Improvement rate.

00 No. 0o0o0%0 000%0 000%0
1 7.38 12.79 3.95
2 2.03 8.03 0.27
3 0.00 0.00 0.00
4 3.22 6.39 —0.23
5 0.85 8.54 —3.92
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Fig.20 Example of the number of pick up from the mount action.
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Fig.21 Result of data 5-5.
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Table 4 Computational time in LineOpt.

00 No. go0o0o0o000s0 O0O0o0oo0o0oso
1 0.01 0.02
2 0.06 0.08
3 0.04 0.06
4 0.02 0.04
5 0.04 0.06
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