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Analysis of Work Operations for Multi-Step Assembly Tasks
——2nd Report: Procedure to Determine Assembly Sequence Considering Work
Difficulties ——

Masahiro ARAKAWA,! Akinari TABUSHI 2 and Masahiko FUYUKI }

Abstract

The operation time of multi-step assembly tasks is affected by work difficul-
ties. When an assembly process includes difficult operations, a long processing
time is required to complete all operations. Therefore, considering operation dif-
ficulties in the task is required to accurately predict the operation time of an
assembly task. Our previous paper shows that the operation time in multi-step
assembly tasks is affected by a combination of work difficulties such as worker’s
posture, worker’s status of supports for a semi-final product, and the number of
bolts required to affix the parts. In this paper, we review a problem for determin-
ing the operation sequence of an assembly task and propose a method to search
for the optimal sequence by evaluating different types of work difficulties. The
proposed method is based on a genetic algorithm and it includes a function to
modify a standard operation time obtained using the MODAPTS method. A neu-
ral network is introduced to calculate the rating to modify the standard operation
time. Evaluations of work difficulties are used as input data of the neural net-
work to calculate the operation time of each operation separated in the sequence.
To apply. the proposed method, operations and worker motions appearing in an
assembly process are categorized and related to each other. Then, the proposed
method is applied to an actual assembly process to evaluate its performance. The
results show that the best assembly sequences obtained by the proposed method
give shorter operation times than the other sequences, and the operation times
of the best sequences approximate to the measured operation times.
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EHE 25.55 (0.24) | 24.54(1.29) | 35.25(8.10)

8}, E¥EECKELTIZ{6—>4—>5—>2—>3>0—
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If| &5 fESEAE E R YEZENE

R | &5 53
1 |89 |JS(1m): MP8-MP2-MP5-MP7 1-4
2 [10 [JS(1m): MP8-MP2-MP5-MP7 5-7
3 [11 [JS(1m): MP8-MP2-MP5-MP7 X 2 | 8-11
4 o [JT: MPO-MPT 12-14
5 [0 [JS(im): MP8-MP2-MP5-MP7 X 4 | 15-18
6 |3 JT: MP9-MP7 19-21
7 |3 [JS(im): MP8-MP2-MP5-MP7 X 4 | 22-25
8 |2 JT: MP9-MP7 26-28
9 |2 JS(1m): MP8-MP2-MP5-MP7 X 4 | 29-32
10 {7 |JT: MP9-MP7 33-35
11 |7 [ JS(im): MP8-MP2-MP5-MP7 X 4 | 36-39
12 [6 [JT: MP9-MP7 40-42
13 |6 JS(1m): MP8-MP2-MP5-MP7 X 5 | 43-47
14 |1 JT: MP9-MP7 48-50
15 |1 JS(1m): MP8-MP2-MP5-MP7 X 4 | 51-54
16 |4 | JT: MP9-MP7 55-57
17 |4 JS(1m): MP8-MP2-MP5-MP7 X 5 | 58-62
18 |5 | JT: MP9-MP7 63-65
19 [5 JS(1m): MP8-MP2-MP5-MP7 X 6 | 66-71
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4 3 JS(1m) 3 14 |1
5 0 JT 1 {1 |1
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9 2 JT 2 |3 |1
10 2 JS(1m) 2 |3 |3
11 6 JT 2 |2 |1
12 6 JS(1m) 2 |1 |1
13 5 JT 2 |2 |1
14 5 JS(1m) 2 |1 |3
15 4 JT 2 |2 |1
16 4 JS(1m) 2 |1 |3
17 7 JT 2 |2 |1
18 7 JS(1m) 2 [1 |3
19 11 JT 2 |3 |1
20 11 JS(1m) 2 |3 |3
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