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Application of Stepwise Clustering Method for the
Determination of Efficient Assembly Sequence
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A robot is often used to assemble many parts on a board. When there exist large variety of part
types, it is an important task to find a sequence by which the parts can be assembled in a short time.
This problem can be regarded as an extension of the efficient drawing 1$eith problem. In this paper,
the stepwise clustering method, which has been very effective for the latter problem, is extended to
provide an efficient assembly sequence and it is applied to the assembly sequence of electronic
circuit boards. The resulting sequences are shown to be efficient enough to give shorter assembly
times than those by human experts.
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Fig. 7. Assembly problem with two robot arms.
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d df  tf dy A7 5t Number
Robotl 750 5000 0.26 2 1 075 05 of parls  Tmax  Tmin __ Umax___ Umin___ Parls types p;
§°g°‘§ 800 5000 025 3 1 100 05 Board 1 119 15879 8650 23035 18140 1.2,.-, 55,56
obod 300 5000 025 2 1 075 04  Board2 182 9870 10 5440 10 12.-,8586
" The meanings of the variables are d in Section 11, Board 3 375 29105 10 1950 10 12,71,
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Robot3 REFERENCE 0.91 1335.75 1336.66
OUTPUT 7.09 0.00 7.09 99.47
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OUTPUT 31.67 10.00 41.67 99.19
Robot3 REFERENCE 10.76  4003.50 4014.26
OUTPUT 40.25 6.75 47.00  98.83

* Ity is the sum of waiting times to place every part on the board.
’El,, is that for picking up the parts from the shelf.
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