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A Batch Sizing Model at a Bottleneck Machine in
Production Systems

Pyung-Hoi Koo - Shie-Gheun Koh

Department of Systems Management and Engineering, Pukyong National University, Busan 608-739

All of the machines in a production line can be classified into bottleneck and non-bottleneck machines. A
bottleneck is a resource whose capacity limits the throughput of the whole production facility. This paper
addresses a batch sizing problem at the bottleneck machine. Traditionally, most batch sizing decisions have been
made based on the EOQ (economic order quantity) model where setup and inventory costs are considered while
throughput rate is assumed to be given. However, since batch size affects the capacity of the bottleneck machine,
the throughput rate may not be constant. As the batch size increases, the frequency of the setup decreases. The
saved setup time can be transferred to processing time, which results in higher throughput. But, the larger batch
size may also result in longer lead time and larger WIP inventory level. This paper presents an alternative
method to determine batch size at the bottleneck machine in a manufacturing line. A linear search algorithm is
introduced to find optimal throughput rate and batch size at the same time. Numerical examples are provided to
see how the proposed method works and to investigate the effects of some parameters.
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Figure 1. Production flow in the manufacturing system under
consideration
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Figure 3. Impact of batch size on production capacity
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Table 1. Results from the iterative batch sizing algorithm

A wiA=Z7] FERY o] 9 JAVNEE
99 198 398.00 0.00 99.5%
98 98 99.00 0.00 99.0%
97 65 43.78 0.00 98.5%
96 48 24.50 0.00 98.0%
95 38 15.60 0.00 97.5%
94 32 10.78 0.00 97.0%
93 27 7.87 61.03 96.4%
92 23 6.00 69.01 95.9%
91 21 471 74.10 95.4%
90 18 3.80 77.41 94.9%
89 17 3.12 79.56 94.3%
88 15 2.61 80.92 93.8%
87 14 221 81.74 93.3%
86 13 1.90 82.15 92.7%
85 12 1.64 82.27 92.2%
84 11 1.43 82.17 91.7%
83 10 1.26 81.91 91.1%
82 10 1.12 8151 90.6%
81 9 1.00 81.00 90.0%
80 8 0.90 80.41 89.4%
79 8 0.81 79.75 88.9%
78 8 0.73 79.04 88.3%
77 7 0.67 78.28 87.7%
76 7 0.61 77.49 87.2%
75 6 0.56 76.66 86.6%
74 6 0.51 75.81 86.0%
73 6 0.47 74.93 85.4%
72 6 0.44 74.03 84.9%
71 5 0.40 73.12 84.3%
70 5 0.37 72.19 83.7%
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Table 2. Optimal throughput rate and batch size over a variety
of setup times

ADAE ey d=a e UL
0.001 93 3 0.79 93.99 96%
0.002 91 4 0.94 91.26 95%
0.005 88 8 1.30 86.66 94%
0.010 85 12 1.64 82.27 92%
0.020 81 18 2.00 76.95 90%
0.030 79 24 2.43 73.36 89%
0.040 7 29 2.67 70.59 88%
0.050 75 32 2.79 68.30 87%
0.100 69 49 3.49 60.42 83%
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Table 3. The effect of the lead time cost, .

T S I S ST RS
A WA
0.010 91 21 471 85.22
0.020 89 17 3.12 85.22
0.030 88 14 221 83.84
0.040 87 13 1.90 82.92
0.050 86 12 1.64 82.27
0.060 85 11 1.43 81.81
0.070 84 10 1.26 81.46
0.080 83 10 1.26 81.24
0.090 82 10 1.12 81.10
0.100 81 9 1.00 81.00
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Figure 6. Sensitivity of profit over batch sizes
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Figure 7. Sensitivity of profit over production rate
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