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A Cross-plant Circulation Method for Reconfigurable Manufacturing Systems
at the Equipment Level Based on the Contract Network Protocol
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Abstract: This study explores feasible methods for cross-plant circulation of equipment-level elements in reconfigurable
manufacturing systems (RMS). The method aims to optimize the equipment circulation and exchange between different
plants by minimizing communication occurrences, thereby reducing exchange ramp-up time. Combining our previous
research and existing theories, an operational framework is established for cross-plant circulation and exchange at the
equipment level in RMS based on the contractual network protocol. Decision attribute sets and priority weight assessments
of indicators are incorporated into the model. The established framework is tested using a normalized dataset in RMS based
on contractual network protocol, by which the feasibility is verified. Results confirm that the cross-plant group consisting of
ID3 as the optimal response bidder can operate within the framework. This indicates that the proposed method is suitable for
the circulation of a network system for reconfiguring equipment based on the current material conditions in our country. It
enables broad equipment circulation and exchange, facilitating rapid industrial-level responses to the demand and high
adaptability.
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plant group; intelligent manufacturing
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Figure 1 Traditional mode of equipment-level circulation and
exchange in factories
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Figure 2 Flowchart of conventional equipment reconfiguration
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Table 1 Relative geographic locations of the plants km
d 1 2 3 4 5 6 7 8 9 10
1 0 888 655 6.82 701 870 731 894 936 8.79
2 0 9.36 12.79 1299 10.56 14.29 11.62 12.67 13.71
3 0 409 424 222 6.08 265 354 448
4 0 0.16 484 203 409 360 2.06
5 0 496 186 4.02 374 2.05
6 0 6.82 1.15 229 428
7 0 598 542 327
8 0 .16  3.19
9 0 2.29
10 0
*2 EXAEHEZTEEHE
Table 2 Number of inter-compatible equipment in each plant &
id 1 2 3 4 5 6 7 8 9 10
1 - 15 12 13 14 14 15 20 11 7
2 - 6 11 19 10 5 10 10 11
3 — 21 7 22 22 22 11 13
4 — 5 7 5 6 9 3
5 - 11 16 12 11 11
6 — 12 12 12 10
7 — 11 15 12
8 — 17 15
9 — 10
10 —
F3 TR
Table 3 Plant scale
id PEAE/ (27847
1 281.11
2 269.03
3 337.59
4 220.01
5 263.71
6 260.11
7 263.89
8 26291
9 271.32
10 261.33
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Table 4 Historical results of winning bids w

id 1 2 3 4 5 6 7 8 9 10

1 — 159 113 121 150 133 130 189 101 73
2 - 39 90 179 92 59 106 105 108
3 — 201 68 213 225 210 121 134
4 - 47 75 52 55 94 33
5 — 111 137 109 103 108
6 — 110 127 132 97
7 — 104 151 123
8 — 165 123
9 - 87
10 —
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Table 5 Normalized results of relative geographic locations

id 1 2 3 4 5 6 7 8 9 10

1 0 062 045 047 048 06 051 062 0.65 0.61

2 065 089 091 074 100 0.81 0.89 0.96
3 028 029 0.15 042 0.18 024 031
4 0 033 0.13 028 031 0.13
5 034 0.12 027 025 0.13
6 047 007 0.15 029
7 041 037 022
8 0.07 0.21
9 0.15
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Table 6 Normalized results of compatible equipment in plants

id 1 2 3 4 5 6 7 8 9 10

—_

— 063 047 053 058 058 063 089 042 021

2 — 016 042 084 037 011 037 037 042
3 — 095 021 1.00 100 1.00 042 0.53
4 - 0.11 021 0.11 0.16 032 0

5 - 042 0.68 047 042 042
6 — 047 047 047 037
7 - 042 0.63 047
8 - 0.74  0.63
9 - 0.37
10 -
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Table 7 Normalized results of plant scales

id 45
1 0.52
2 0.42
3 1.00
4 0

5 0.37
6 0.34
7 0.37
8 0.36
9 0.44
10 0.35
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Table 8 Normalized results of the number of historical

winning bids

M, A
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n
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:/H\:EP’ A= (aij)m ; B= (bfj),,x,, ; W= (Wij)m 5OWi=
Vi VijeN.
Wi+ W,

BUR PG S AANFERE, 159 AR R

0.5000 0.6101 0.5625 0.5217
0.3899 0.5000 04511 0.4108

W= . (15)
0.4375 0.5489 0.5000 0.4590

0.4783 0.5892 0.5410 0.5000
THEAFIRARECE, Wk 10 P

R 10 EIAE
Table 10 Indicator weights

id 1 2 3 4 5 6 7 8 9 10
1 — 066 042 046 061 052 051 081 035 021
2 — 003 030 076 031 0.14 038 038 0.39
3 — 0.88 0.18 094 1.00 092 046 053
4 — 0.07 022 0.10 0.11 032 0
5 — 041 054 040 036 039
6 — 040 049 052 033
7 — 0.37 0.61 047
8 — 0.69 047
9 — 0.28
10 -
x99 BEEEREE
Table 9 Importance mesurement
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Table 11 Assessment of bidding permission

id T N
1 0 1
2 1 0
3 1 1
4 1 1
5 1 1
6 1 1
7 0 1
8 0 1
9 0 0
10 0 0

®12 EBERTERE
Table 12 Data of potential bidders

idl id2  id3 id 4 id5 idé6 id7 id8 id9 id 10

— — 0.583936 0.412068 0.528742 0.465994 — — — —
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