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Operational Strategy for Robots in Flexible and Agile Batch Manufacturing Systems

Satoshi HOSHIN®!, Hiroya SEKI? and Jun OTAS

*1 Chemical Resources Laboratory, Tokyo Institute of Technology
4259 R1-19, Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8503, Japan

This paper focuses on a batch manufacturing system with multiple industrial robots. Inappropriate coordination of
the robots might cause a bottleneck. In addition, a bottleneck is a constraint that dominates the entire system performance,
which is the productivity. Therefore, these robots are required to operate appropriately while relating to each other. For
this challenge, we propose the following operational strategies: route planning approaches and operation dispatching rules
on the basis of task-assignment that will reduce the negative effect of the bottleneck. Furthermore, reactive cooperation,
so that the robots respond to a fluctuating heavy workload caused by the shifting bottleneck, is an essential operational
strategy. Through the simulation experiments, each combination of the operational strategies is examined; finally, the
effectiveness of the operational strategies for the productivity and integrated operational strategies are shown.

Key Words. Robotic Batch Manufacturing System, Operational Strategy, Factory Automation

1. O O

gobooobooobooobooobooobooooboooobooobooboboooboooboobooboOoon
gbobooooooobooooboobobobobobobobooooooooobooboobOobobobon
gboboobooboooobooooobobooobooboboooooboooobOobooooono

bobooooooooooooobooboboboobooooooooboobobobOobOoboooon
goboobooooooobooooooooooobobOoboobobobobooboooboooooDobOoDOoo
goooooooooobooooboooooooooooobooobOooobOoobDOoobboobobooDboboOoo
ooooooboooobooooobboogoobooobooobooobooooooooobobDOoobbooDboboOoo
gbooooooooooboboooooboooooobooooobooboooobobobobDOoboooooD

oooboooobooooboooobooooboooobooobbooooboooooobDoobboobobOoooDO
0DYopD0oo0O0oO0D00000000000000000000000000000000000000000
Doooo ®Y00o0O00000000000000000000000000000000000000000
oboboboobooooobooobooboobobobobooboooooooooooooooobooobOobOoboOobon
oboboboboooooooobooooboobOoboboobobooooboooboooooooooboooooan
000000000000000000000000000000 ®0000000000000000000
bobobooboooooooboobOoboboobooooooooooooooboobooboboOobobobon
oboooooboooooooboboooboobooon

ooooooooooooOooOoooOoooooOo0oOoOoO 200000000DOO00DO0OODOOOODOOOO

<1 00,000000000000000 226-85030 000000000000 4259-R1-19
2 000o000D0000ooD

< 000000000000 D0000 00 277-8568J 0000000 5-1-50

Email: hosino@pse.res.titech.ac.jp

[No.11-1] 2011 DVD-ROM 2011.9.11—14


hosino
テキストボックス
日本機械学会2011年度年次大会 [2011.9.11－14]
CopyrightⒸ2011　一般社団法人　日本機械学会

hosino
テキストボックス
[No.11-1]　日本機械学会2011年度年次大会DVD-ROM論文集 〔2011.9.11－14，東京〕

hosino
テキストボックス

hosino
テキストボックス
S142032


Process Process Process Process
sta. 5 sta. 6 sta. 7 sta. 8 MHR

iRae)
L] 2PN

Lane for MPR 2 L
p ocess
it ill AR 5

< )MPR 1

Ptroc% j _ MPR 3C@§Cel%s
sta b Passing lane Intersection '
| (one-way) B

(Lane joint)

| —— Main lane
(one-way)

ProceEs] — )
sta. %/Intermedlate lane (two-way)

e : Bi-directional lane
e : Uni-directional lane

ocess
MPR 4 sta. 12
Lane for MPR 4 ™

Cleaning sta. Discharging sta.

Lane for M
Lane for MPR 3

Fig. 1 Robotic Batch Manufacturing System with a Cyclic Layout Structure in a Pilot Plant Facility (top view)
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Fig. 2 MHR Route Planning with the Use of Each Approach
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Table 1 Simulation result on operation time [h] and combination of operational strategies

Non-reactive cooperation Reactive cooperation
# of MHRs Best Worst Best Worst
5 9.23 (b)(c)(c") 11.18 (a)(b’/c’)(b") 9.38 (b)(b'/c’)(a") 11.32 (a)(b’/c’)(b™)
10 7.16 (b)(c)(c") 8.62 (a)(a’)(b") 6.89 (c)(c')(c") 7.94 (a)(@)(b")
15 7.12 (c)(b)(c") 8.27 (a)(c’)(b") 6.46 (c)(c’)(c") 7.4 (a)(b)(@")
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