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Reconfiguration Plan Evaluation Based on Preference Ranking of
Key Characteristics in Reconfigurable Manufacturing System
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(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to develop a quantitative evaluation index model for the essential characters of
RMS (reconfigurable manufacturing system) and to optimally select the configuration plans with
their outstanding advantage and disadvantage comparison, an evaluation method was proposed
based on PROMETHEE (preference ranking organization method for enrichment evaluation).
Analyzing the reconfiguration of the reconfigurable machine tool and manufacturing cell, a basic
evaluation index and the quantitative model was designed to take the key characters of RMS,
scalability, convertibility, diagnosability, modularity, integrability and customization. AHP
(analytic hierarchy process) was used to assign the weight for these indexes. In the evaluation
process, PROMETHEE I was applied firstly to analyze the advantage and disadvantage for each
alternative plan. Secondly, PROMETHEE Il was adopted to analyze the comprehensive
advantage. Finally, the sequence of alternative plans was decided based on the analyzed results.
A case study from a shop floor of an institute was presented to validate the effectiveness and
practicability.
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Tab.1 Related parameter data of 10 alternative plans
sbr 2% LS
1 2 3 4 5 6 7 8 9 10
Apmax 1100 1100 1300 1300 1000 1500 1400 1700 2000 1600
Amin 100 200 500 300 300 100 300 500 350 200
Na 10 9 2 2 14 7 5 3 11 4
ERGE R AF 0. 500 0. 450 0. 380 0. 323 0. 500 0. 520 0. 500 0. 300 0. 500 0. 375
A¢ 0. 440 0.476 0. 420 0.410 0. 378 0. 390 0. 500 0.491 0. 300 0.412
A; 100 100 400 500 50 200 250 500 150 400
a; 1. 50 2.50 3.10 4.75 2.12 4. 22 2. 89 6.12 2.56 5.11
C . 000 0. 800 1. 250 0. 750 0. 600 0. 636 0. 429 0. 500 0.571 0. 556
C, 0. 284 0. 282 0.189 0. 249 0.216 0. 294 0. 408 0. 355 0. 267 0.197
w1 3 4 5 3 6 7 6 4 4 5
w> 1 2 2 0 3 2 3 0 4 3
N, 1 2 1 3 3 5 6 4 2 1
N, 1 1 1 1 4 4 5 4 1 5
M C, N, 0. 440 0.710 0. 660 0. 670 0. 580 0.378 0. 490 0. 564 0. 625 0. 633
Ni 2 1 1 1 1 1 1 2 1 1
S. 0 1 1 2 2 4 0 1 4 1
N, 2 2 0 1 2 1 3 2 0 1
Ny 4 1 6 2 3 3 1 0 1 5
N, 0. 520 0.413 0. 330 0. 560 0.610 0. 470 0.510 0.511 0. 601 0.578
N. 0. 480 0. 587 0. 670 0. 440 0. 390 0. 530 0. 490 0. 489 0. 399 0. 422
Na 3 10 4 2 5 6 3 8 1 7
Ad 5.0 2.0 3.0 3.2 4.0 2.5 1.0 2.0 6.0 3.0
ERZY R A 8. 00 6.67 4. 00 7.00 6. 00 3. 81 3. 00 4. 80 8. 33 4. 00
AT 1. 00 2. 50 2. 00 1.75 2. 00 2. 90 4. 00 2.12 0. 90 1.87
X, 0.901 0.923 0. 892 0. 951 0. 805 0. 888 0. 990 0.796 0. 850 0. 890
M, 0.182 0.218 0.158 0.165 0. 238 0.172 0. 203 0.172 0.175 0. 094
M, 0.176 . 460 0. 770 0. 307 0. 894 0. 160 0.155 0. 263 0.148 0.145
w) 0.513 0.475 0. 564 0.612 0. 390 0. 530 0. 467 0. 493 0. 541 0. 550
w> 0. 487 525 0. 436 0. 388 0.610 0. 470 0.533 0. 507 0. 459 0. 450
Gi 0.910 0.871 0. 950 0. 990 0. 950 0. 860 0. 810 0. 860 0. 700 0. 940
FR e 1k Gy 0. 880 0. 920 0.770 0. 920 0. 894 0. 800 0. 930 0. 790 0. 890 0. 870
N; 5 4 6 6 4 5 4 5 4 10
Ny 5 2 1 3 1 5 6 3 6 6
Na 3 5 4 4 6 2 2 3 7 3
Ny 2 3 2 5 4 4 6 4 5 2
N; 30 43 22 35 27 60 48 44 31 50
a 0. 880 0. 700 0. 770 0. 900 0. 864 0. 892 0. 940 0. 920 0. 860 0. 867
T B 0.912 0. 800 0. 820 0. 840 0. 870 0.798 0. 850 0. 700 0. 860 0. 900
w 0.513 0. 550 0. 570 0. 650 0.611 0.574 0. 560 0. 540 0. 520 0. 580
w3 0. 487 0. 450 0. 430 0. 350 0. 389 0. 426 0. 440 0. 460 0. 480 0. 420
At 0. 900 0. 700 0. 400 0. 500 0. 900 0. 950 0. 940 0. 950 0. 700 0. 600
E il £k P 1 1 4 3 5 2 1 1 2 1
Y 0. 850 0.910 0.951 0. 960 0. 670 0. 850 0.901 0. 790 0. 843 0. 730
K2 10MEEFEH 6 MEGEREHRFER
Tab.2 Data rank of alternative plans evaluation index
B S
Eigap
1 2 3 4 5 6 7 8 9 10
S 0.033 0. 060 0. 247 0.315 0.029 0.122 0.165 0. 376 0.035 0. 226
C, 0. 656 0. 496 0.539 0.529 0. 450 0. 455 0.419 0. 429 0. 450 0. 404
D 108. 10 307. 70 85. 67 74. 56 193. 10 147. 10 35. 64 129. 70 38. 25 139. 70
M 0.179 0. 345 0. 425 0. 220 0. 638 0.166 0.177 0.218 0.163 0.117
I 0. 896 0.745 0.792 0. 879 0. 866 0. 852 0. 900 0.819 0. 860 0. 881
Cu 0. 700 0. 640 0. 380 0. 480 0. 600 0. 810 0. 850 0. 750 0. 590 0. 400
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Tab.3 Preference function selected and related parameters 1 5 6
determined Uk UE g4
=7 @ 0275650 ¢ |0.127 700 @ |0.095 1
& i 4 R B ; 22 P @ [0.1504] | @ |0.1143| | ¢ |0.1148
S Linear —0.01 —0. 22 9
C. Level 0.15 0. 30 UES
D Level 120 250 @' 00545
M Linear 0.05 0. 10 ¢ 10.1583
I V-shape 0.01 5 5 . . 0
o Level 0. 30 0.1 Jrges Il Jraea Jrges %9

x4 BEREERRERER

Tab.4 Comparison matrix of evaluation index

ER S Cy D M I Cn
S 1 2/3 3/5 6/7 3/5 5/3
C, 3/2 1 4/5 5/4 3/1 4/3
D 5/3 5/4 1 3/5 3/1 5/3
M 7/6 4/5 5/3 1 5/4 5/4
I 5/3 1/3 1/3 4/5 1 4/5
Cn 3/5 3/4 1/2 4/5 5/4 1

x5 ARHFERITEER

Tab.5 Ranking index calculation results of 10 plans

E X k5 [k o @
1 0.192 8 0.080 7 0.1121
2 0.2756 0.150 4 0.1251
3 0.1720 0.159 4 0.0126
4 0.095 1 0.114 8 —0.0197
5 0.2687 0.0589 0.209 8
6 0.054 5 0.158 3 —0.1038
7 0.127 7 0.1143 0.013 4
8 0. 060 4 0.169 7 —0.109 3
9 0.0439 0.172 6 —0.1286
10 0.0716 0.183 2 —0.1116

@ 02687| | 019285 ¢ |0.17205) ¢ [0.06045) ¢ |0.043 9
¢ [0.0589| | ¢ [0.0807| | ¢ [0.1594] | ¢ |0.1697| | ¢ |0.1726

B 2 #B4rHER 45 R K (PROMETHEE D
Fig. 2 PROMETHEE 1 partial ranking
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Fig. 3 PROMETHEE II complete rankings
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