
Supplementary data for paper: A multiobjective decision-making approach

for modelling robotic disassembly for sustainable remanufacturing

Tables

Table 1: PD matrix. Gear pump A.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 M

1 0.0 55.0 85.5 121.0 85.5 55.0 70.5 Inf Inf Inf Inf 164.4 258.6 209.9 213.3 202.6

2 55.0 0.0 56.0 85.5 97.6 86.0 59.8 Inf Inf Inf Inf 195.5 285.5 238.3 241.5 191.9

3 85.5 56.0 0.0 55.0 86.0 97.6 59.8 Inf Inf Inf Inf 231.5 321.5 274.3 277.5 189.3

4 121.0 85.5 55.0 0.0 55.0 85.5 70.5 Inf Inf Inf Inf 249.4 343.6 294.9 298.3 196.8

5 85.5 97.6 86.0 55.0 0.0 56.0 59.8 Inf Inf Inf Inf 231.5 321.5 274.3 277.5 189.3

6 55.0 86.0 97.6 85.5 56.0 0.0 59.8 Inf Inf Inf Inf 195.5 285.5 238.3 241.5 191.9

7 70.5 59.8 59.8 70.5 59.8 59.8 0.0 72.5 62.0 62.0 51.0 209.9 311.5 260.4 273.8 187.3

8 Inf Inf Inf Inf Inf Inf 72.5 0.0 64.5 100.5 53.5 145.3 244.6 195.9 199.3 215.6

9 Inf Inf Inf Inf Inf Inf 62.0 64.5 0.0 78.0 11.0 171.7 271.0 222.3 225.7 212.8

10 Inf Inf Inf Inf Inf Inf 62.0 100.5 78.0 0.0 67.0 207.7 307.0 258.3 261.7 210.4

11 Inf Inf Inf Inf Inf Inf 51.0 53.5 11.0 67.0 0.0 178.9 278.1 229.4 232.8 201.8

12 164.4 195.5 231.5 249.4 231.5 195.5 209.9 145.3 171.7 207.7 178.9 0.0 144.2 84.9 96.1 171.9

13 258.6 285.5 321.5 343.6 321.5 285.5 311.5 244.6 271.0 307.0 278.1 144.2 0.0 61.0 56.0 423.1

14 209.9 238.3 274.3 294.9 274.3 238.3 260.4 195.9 222.3 258.3 229.4 84.9 61.0 0.0 Inf 362.1

15 213.3 241.5 277.5 298.3 277.5 241.5 273.8 199.3 225.7 261.7 232.8 96.1 56.0 Inf 0.0 316.5

M 202.6 191.9 189.3 196.8 189.3 191.9 187.3 215.6 212.8 210.4 201.8 171.9 423.1 362.1 316.5 0.0
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Table 3: Input data for f1 objective. Gear pump A.

Item RPi RCi CDi rci,1 rci,2 ohi,1 ohi,2 ohi,3 ohi,4 dpi,1 dpi,2 dpi,3 dpi,4

1 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

2 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

3 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

4 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

5 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

6 0.35 0.0024 0 0.1 0.3 0.0022 0.0056 0.0022 0.0011 0.09 0.13 0.10 0.07

7 8.50 0.1614 0 1.2 4 0.1530 0.3826 0.1530 0.0765 0.12 0.17 0.14 0.09

8 0.00 0.0000 0.3 0 0 0.0012 0.0030 0.0012 0.0006 0.09 0.13 0.10 0.07

9 12.70 0.0358 0 1 7.5 0.0340 0.0849 0.0340 0.0170 0.17 0.26 0.21 0.14

10 12.70 0.0358 0 1 7.5 0.0340 0.0849 0.0340 0.0170 0.17 0.26 0.21 0.14

11 3.50 0.0123 0 0.3 2 0.0116 0.0291 0.0116 0.0058 0.12 0.17 0.14 0.09

12 37.00 0.4605 0 4.5 8.3 0.4366 1.0914 0.4366 0.2183 0.23 0.35 0.28 0.18

13 6.30 0.0430 0 0.7 3.2 0.0408 0.1020 0.0408 0.0204 0.12 0.17 0.14 0.09

14 2.50 0.0064 0 0.5 1.2 0.0060 0.0151 0.0060 0.0030 0.06 0.09 0.07 0.05

15 3.00 0.0284 0 0.7 1.6 0.0269 0.0672 0.0269 0.0134 0.09 0.13 0.10 0.07

3



Table 4: Input data for f1 objective. Gear pump B.

Item RPi RCi CDi rci,1 rci,2 ohi,1 ohi,2 ohi,3 ohi,4 dpi,1 dpi,2 dpi,3 dpi,4

1 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

2 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

3 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

4 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

5 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

6 0.43 0.0049 0 0.1 0.3 0.0024 0.0060 0.0024 0.0012 0.12 0.17 0.14 0.09

7 11.90 0.3767 0 1.2 2.5 0.1854 0.4634 0.1854 0.0927 0.14 0.22 0.17 0.12

8 0.00 0.0026 0.2 0 0 0.0013 0.0032 0.0013 0.0006 0.12 0.17 0.14 0.09

9 15.78 0.0836 0 0.6 3 0.0411 0.1029 0.0411 0.0206 0.17 0.26 0.21 0.14

10 15.78 0.0836 0 0.6 3 0.0411 0.1029 0.0411 0.0206 0.17 0.26 0.21 0.14

11 4.32 0.0252 0 0.3 0.9 0.0124 0.0311 0.0124 0.0062 0.12 0.17 0.14 0.09

12 37.80 1.0745 0 1.5 3.5 0.5287 1.3218 0.5287 0.2644 0.12 0.17 0.14 0.09

13 7.78 0.0885 0 0.7 2 0.0436 0.1089 0.0436 0.0218 0.23 0.35 0.28 0.18

14 0.00 0.0036 0.15 0 0 0.0018 0.0044 0.0018 0.0009 0.09 0.13 0.10 0.07

15 0.00 0.0036 0.15 0 0 0.0018 0.0044 0.0018 0.0009 0.09 0.13 0.10 0.07

16 0.00 0.0036 0.15 0 0 0.0018 0.0044 0.0018 0.0009 0.09 0.13 0.10 0.07

17 0.00 0.0036 0.15 0 0 0.0018 0.0044 0.0018 0.0009 0.09 0.13 0.10 0.07

18 3.60 0.0567 0 0.2 0.7 0.0279 0.0698 0.0279 0.0140 0.09 0.13 0.10 0.07

19 0.35 0.0039 0 0.1 0.3 0.0019 0.0048 0.0019 0.0010 0.09 0.13 0.10 0.07

20 0.35 0.0039 0 0.1 0.3 0.0019 0.0048 0.0019 0.0010 0.09 0.13 0.10 0.07

21 0.20 0.0011 0 0.1 0.3 0.0006 0.0014 0.0006 0.0003 0.12 0.17 0.14 0.09

22 0.20 0.0011 0 0.1 0.3 0.0006 0.0014 0.0006 0.0003 0.12 0.17 0.14 0.09

23 0.20 0.0011 0 0.1 0.3 0.0006 0.0014 0.0006 0.0003 0.12 0.17 0.14 0.09

24 0.20 0.0011 0 0.1 0.3 0.0006 0.0014 0.0006 0.0003 0.12 0.17 0.14 0.09
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Table 5: Input data for f2 objective. Gear pump A.

Item gri,1 gri,2 gd1,i gd3,i gci,1 gci,2 gci,3 gci,4

1 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

2 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

3 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

4 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

5 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

6 0.115 0.115 0.042 0.069 0.006 0.035 0.012 0.023

7 1.302 1.302 0.056 0.069 0.065 0.391 0.130 0.260

8 0.014 0.014 0.042 0.069 0.001 0.004 0.001 0.003

9 0.850 0.850 0.083 0.069 0.043 0.255 0.085 0.170

10 0.850 0.850 0.083 0.069 0.043 0.255 0.085 0.170

11 0.138 0.138 0.056 0.069 0.007 0.041 0.014 0.028

12 2.480 2.480 0.111 0.069 0.124 0.744 0.248 0.496

13 0.592 0.592 0.056 0.069 0.030 0.178 0.059 0.118

14 0.234 0.234 0.028 0.069 0.012 0.070 0.023 0.047

15 0.284 0.284 0.042 0.069 0.014 0.085 0.028 0.057

Note: gd2,i, gd4,i and gd5,i values are obtained from the GD matrix

5
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Table 7: Input data for f2 objective. Gear pump B.

Item gri,1 gri,2 gd1,i gd3,i gci,1 gci,2 gci,3 gci,4

1 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

2 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

3 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

4 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

5 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

6 0.896 0.896 0.056 0.056 0.045 0.269 0.090 0.179

7 11.152 11.152 0.069 0.056 0.558 3.346 1.115 2.230

8 0.112 0.112 0.056 0.056 0.006 0.034 0.011 0.022

9 6.791 6.791 0.083 0.056 0.340 2.037 0.679 1.358

10 6.791 6.791 0.083 0.056 0.340 2.037 0.679 1.358

11 1.111 1.111 0.056 0.056 0.056 0.333 0.111 0.222

12 21.897 21.897 0.056 0.056 1.095 6.569 2.190 4.379

13 4.733 4.733 0.111 0.056 0.237 1.420 0.473 0.947

14 0.122 0.122 0.042 0.056 0.006 0.037 0.012 0.024

15 0.122 0.122 0.042 0.056 0.006 0.037 0.012 0.024

16 0.122 0.122 0.042 0.056 0.006 0.037 0.012 0.024

17 0.122 0.122 0.042 0.056 0.006 0.037 0.012 0.024

18 4.819 4.819 0.042 0.056 0.241 1.446 0.482 0.964

19 0.885 0.885 0.042 0.056 0.044 0.266 0.089 0.177

20 0.885 0.885 0.042 0.056 0.044 0.266 0.089 0.177

21 0.223 0.223 0.056 0.056 0.011 0.067 0.022 0.045

22 0.223 0.223 0.056 0.056 0.011 0.067 0.022 0.045

23 0.223 0.223 0.056 0.056 0.011 0.067 0.022 0.045

24 0.223 0.223 0.056 0.056 0.011 0.067 0.022 0.045

Note: gd2,i, gd4,i and gd5,i values are obtained from the GD matrix
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Table 9: Input data for f3 objective. Gear pump A.

Item eri,1 eri,2 eci,1 eci,2 eci,3 eci,4 ed(xi)

1 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

2 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

3 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

4 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

5 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

6 0,00213 0,00213 0,00021 0,00064 0,00111 0,00221 0,00262

7 0,11637 0,11637 0,01164 0,03491 0,07534 0,15068 0,00349

8 0,00030 0,00030 0,00003 0,00009 0,00001 0,00355 0,00262

9 0,02490 0,02490 0,00249 0,00747 0,01672 0,03344 0,00524

10 0,02490 0,02490 0,00249 0,00747 0,01672 0,03344 0,00524

11 0,00779 0,00779 0,00078 0,00234 0,00572 0,01145 0,00349

12 0,43960 0,43960 0,04396 0,13188 0,21490 0,42980 0,00000

13 0,02717 0,02717 0,00272 0,00815 0,02008 0,04015 0,00349

14 0,00508 0,00508 0,00051 0,00152 0,00298 0,00595 0,00175

15 0,02109 0,02109 0,00211 0,00633 0,01324 0,02648 0,00262

Note: ed(xi, xi+1) values are obtained from the ED matrix
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Table 11: Input data for f3 objective. Gear pump B.

Item eri,1 eri,2 eci,1 eci,2 eci,3 eci,4 ed(xi)

1 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

2 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

3 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

4 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

5 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

6 0,00223 0,00223 0,00022 0,00067 0,00137 0,00273 0,00349

7 0,16291 0,16291 0,01629 0,04887 0,10547 0,21095 0,00437

8 0,00183 0,00183 0,00018 0,00055 0,00001 0,00439 0,00349

9 0,03483 0,03483 0,00348 0,01045 0,02341 0,04682 0,00524

10 0,03483 0,03483 0,00348 0,01045 0,02341 0,04682 0,00524

11 0,00962 0,00962 0,00096 0,00289 0,00707 0,01413 0,00349

12 0,54442 0,54442 0,05444 0,16332 0,30086 0,60171 0,00349

13 0,03375 0,03375 0,00337 0,01012 0,02479 0,04959 0,00699

14 0,00155 0,00155 0,00016 0,00047 0,00002 0,00599 0,00262

15 0,00155 0,00155 0,00016 0,00047 0,00002 0,00599 0,00262

16 0,00155 0,00155 0,00016 0,00047 0,00002 0,00599 0,00262

17 0,00155 0,00155 0,00016 0,00047 0,00002 0,00599 0,00262

18 0,02528 0,02528 0,00253 0,00758 0,01589 0,03177 0,00262

19 0,00162 0,00162 0,00016 0,00049 0,00110 0,00219 0,00262

20 0,00162 0,00162 0,00016 0,00049 0,00110 0,00219 0,00262

21 0,00047 0,00047 0,00005 0,00014 0,00032 0,00064 0,00349

22 0,00047 0,00047 0,00005 0,00014 0,00032 0,00064 0,00349

23 0,00047 0,00047 0,00005 0,00014 0,00032 0,00064 0,00349

24 0,00047 0,00047 0,00005 0,00014 0,00032 0,00064 0,00349

Note: ed(xi, xi+1) values are obtained from the ED matrix

11



T
a
b
le

1
2
:
E
D

m
a
tr
ix

fo
r
f
3
o
b
je
ct
iv
e.

G
ea

r
p
u
m
p
B
.

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

13
1
4

1
5

1
6

17
18

1
9

2
0

2
1

2
2

2
3

24
M

1
0.
00
0
0

0
.0
0
25

0.
00
4
4

0
.0
04
2

0
.0
0
44

0.
0
02
5

0
.0
2
06

In
f

In
f

In
f

In
f

0
.0
2
07

0
.0
2
29

0.
0
21
1

0.
0
21
2

0.
0
21
3

0.
02
1
4

0.
02
1
8

0.
02
2
7

0.
02

14
0
.0
2
26

0
.0
2
13

0
.0
2
26

0
.0
2
13

0
.0
0
82

2
0.
00
2
5

0
.0
0
00

0.
00
2
5

0
.0
04
4

0
.0
0
46

0.
0
02
8

0
.0
1
97

In
f

In
f

In
f

In
f

0
.0
1
98

0
.0
2
21

0.
0
20
2

0.
0
20
3

0.
0
20
4

0.
02
0
5

0.
02
1
0

0.
02
1
8

0.
02

05
0
.0
2
18

0
.0
2
04

0
.0
2
18

0
.0
2
05

0
.0
0
73

3
0.
00
4
4

0
.0
0
25

0.
00
0
0

0
.0
02
5

0
.0
0
28

0.
0
04
6

0
.0
2
04

In
f

In
f

In
f

In
f

0
.0
2
06

0
.0
2
28

0.
0
21
0

0.
0
21
1

0.
0
21
1

0.
02
1
2

0.
02
1
7

0.
02
2
6

0.
02

12
0
.0
2
25

0
.0
2
11

0
.0
2
25

0
.0
2
12

0
.0
0
81

4
0.
00
4
2

0
.0
0
44

0.
00
2
5

0
.0
00
0

0
.0
0
25

0.
0
04
4

0
.0
2
18

In
f

In
f

In
f

In
f

0
.0
2
19

0
.0
2
41

0.
0
22
3

0.
0
22
4

0.
0
22
5

0.
02
2
6

0.
02
3
0

0.
02
3
9

0.
02

26
0
.0
2
38

0
.0
2
25

0
.0
2
38

0
.0
2
25

0
.0
0
94

5
0.
00
4
4

0
.0
0
46

0.
00
2
8

0
.0
02
5

0
.0
0
00

0.
0
02
5

0
.0
2
23

In
f

In
f

In
f

In
f

0
.0
2
24

0
.0
2
47

0.
0
22
8

0.
0
22
9

0.
0
23
0

0.
02
3
1

0.
02
3
6

0.
02
4
4

0.
02

31
0
.0
2
43

0
.0
2
30

0
.0
2
44

0
.0
2
31

0
.0
0
99

6
0.
00
2
5

0
.0
0
28

0.
00
4
6

0
.0
04
4

0
.0
0
25

0.
0
00
0

0
.0
2
17

In
f

In
f

In
f

In
f

0
.0
2
19

0
.0
2
41

0.
0
22
3

0.
0
22
3

0.
0
22
4

0.
02
2
5

0.
02
3
0

0.
02
3
9

0.
02

25
0
.0
2
38

0
.0
2
24

0
.0
2
38

0
.0
2
25

0
.0
0
93

7
In
f

In
f

In
f

In
f

In
f

In
f

0
.0
0
00

0.
02
0
6

In
f

In
f

In
f

0.
0
0
4
1

0.
02
3
1

0
.0
2
1
3

0
.0
2
1
4

0
.0
2
1
5

0.
02
1
6

0.
02
2
0

0.
02
2
9

0.
02
1
6

0.
02
2
8

0.
02
1
5

0.
02
2
8

0.
02
1
5

0.
00
8
4

8
In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
00
0
0

0
.0
0
18

0
.0
03
2

In
f

0
.0
2
07

0.
0
0
7
3

0.
0
03
5

0.
0
03
7

0.
0
0
40

0.
00

42
0
.0
0
54

0
.0
0
66

0
.0
2
14

0
.0
2
26

0
.0
2
13

0
.0
2
27

0
.0
2
14

0
.0
0
82

9
In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
00
00

0
.0
0
21

In
f

0.
0
2
1
0

0.
00
6
3

0
.0
0
3
3

0
.0
0
3
5

0
.0
0
3
7

0.
00
4
0

0.
00
4
3

0.
00
5
5

0.
02
1
6

0.
02
2
9

0.
02
1
5

0.
02
2
9

0.
02
1
6

0.
00
8
4

1
0

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0
.0
0
21

0.
0
00
0

0
.0
0
13

0.
02
1
4

0.
00
7
7

0
.0
0
4
7

0
.0
0
4
9

0
.0
0
5
1

0
.0
0
54

0
.0
05
8

0.
0
06
9

0.
0
22
1

0.
0
23
4

0.
0
22
0

0.
0
23
4

0.
0
22
1

0.
0
08
9

1
1

0
.0
2
11

0.
0
20
2

0
.0
2
09

0.
02
2
3

0
.0
22
8

0.
02
2
2

0
.0
21
3

0
.0
0
37

0.
00
2
7

0.
00
13

0
.0
00
0

0
.0
2
14

0.
0
0
83

0
.0
0
5
3

0
.0
0
5
5

0
.0
0
5
7

0
.0
0
60

0
.0
0
64

0
.0
0
75

0
.0
2
21

0
.0
2
33

0
.0
2
20

0
.0
2
33

0
.0
2
20

0
.0
08
9

1
2

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
0
0
0
0

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
00
8
5

1
3

0
.0
2
29

0.
0
22
1

0
.0
2
28

0.
02
4
1

0
.0
24
7

0.
02
4
1

0
.0
23
1

0
.0
0
73

0.
00
6
3

0.
00
77

0
.0
08
3

0
.0
2
32

0.
0
0
00

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
01
0
7

1
4

0
.0
2
11

0.
0
20
2

0
.0
2
10

0.
02
2
3

0
.0
22
8

0.
02
2
3

0
.0
21
3

0
.0
0
35

0.
00
3
3

0.
00
47

0
.0
05
3

0
.0
2
14

0.
0
0
45

0
.0
0
0
0

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
00
8
9

1
5

0
.0
2
12

0.
0
20
3

0
.0
2
11

0.
02
2
4

0
.0
22
9

0.
02
2
3

0
.0
21
4

0
.0
0
37

0.
00
3
5

0.
00
49

0
.0
05
5

0
.0
2
15

In
f

0
.0
00

9
0
.0
0
00

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0
.0
0
90

1
6

0
.0
2
13

0.
0
20
4

0
.0
2
11

0.
02
2
5

0
.0
23
0

0.
02
2
4

0
.0
21
5

0
.0
0
40

0.
00
3
7

0.
00
51

0
.0
05
7

0
.0
2
16

In
f

In
f

0
.0
0
09

0
.0
0
00

In
f

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
0
09
1

1
7

0
.0
2
14

0.
0
20
5

0
.0
2
12

0.
02
2
6

0
.0
23
1

0.
02
2
5

0
.0
21
6

0
.0
0
42

0.
00
4
0

0.
00
54

0
.0
06
0

0
.0
2
17

In
f

In
f

In
f

0
.0
0
0
9

0.
0
00

0
In
f

In
f

In
f

In
f

In
f

In
f

In
f

0
.0
0
92

1
8

0
.0
2
18

0.
0
21
0

0
.0
2
17

0.
02
3
0

0
.0
23
6

0.
02
3
0

0
.0
22
0

0
.0
0
54

0.
00
4
3

0.
00
58

0
.0
06
4

0
.0
2
22

In
f

In
f

In
f

In
f

0
.0
0
19

0
.0
0
00

In
f

In
f

In
f

In
f

In
f

In
f

0.
0
09
7

1
9

0
.0
2
27

0.
0
21
8

0
.0
2
26

0.
02
3
9

0
.0
24
4

0.
02
3
9

0
.0
22
9

0
.0
2
27

0.
02
3
0

0.
02
34

0
.0
23
4

0
.0
2
30

In
f

In
f

In
f

In
f

In
f

0
.0
2
42

0
.0
0
00

0
.0
02
3

In
f

0.
02
3
6

In
f

0.
0
23
6

0.
0
10
5

2
0

0
.0
2
14

0.
0
20
5

0
.0
2
12

0.
02
2
6

0
.0
23
1

0.
02
2
5

0
.0
21
6

0
.0
2
14

0.
02
1
6

0.
02
21

0
.0
22
1

0
.0
2
17

In
f

In
f

In
f

In
f

In
f

0
.0
2
28

0
.0
0
23

0
.0
00
0

0.
0
23
6

In
f

0.
02
3
7

In
f

0.
0
09
2

2
1

0
.0
2
26

0.
0
21
8

0
.0
2
25

0.
02
3
8

0
.0
24
3

0.
02
3
8

0
.0
22
8

0
.0
2
26

0.
02
2
9

0.
02
34

0
.0
23
3

0
.0
2
29

In
f

In
f

In
f

In
f

In
f

In
f

0.
02
4
9

0.
02
3
6

0.
00
0
0

0.
00
2
3

In
f

0.
0
02
4

0.
0
10
4

2
2

0
.0
2
13

0.
0
20
4

0
.0
2
11

0.
02
2
5

0
.0
23
0

0.
02
2
4

0
.0
21
5

0
.0
2
13

0.
02
1
5

0.
02
20

0
.0
22
0

0
.0
2
16

In
f

In
f

In
f

In
f

In
f

In
f

0.
02
3
6

0.
02
2
3

0.
00
2
3

0.
00
0
0

0.
00
2
4

In
f

0.
0
09
1

2
3

0
.0
2
26

0.
0
21
8

0
.0
2
25

0.
02
3
8

0
.0
24
4

0.
02
3
8

0
.0
22
8

0
.0
2
27

0.
02
2
9

0.
02
34

0
.0
23
3

0
.0
2
30

In
f

In
f

In
f

In
f

In
f

In
f

In
f

0.
02
3
7

0.
00
0
8

0.
00
2
4

0.
00
0
0

0.
00
2
3

0.
01
0
5

2
4

0
.0
2
13

0.
0
20
5

0
.0
2
12

0.
02
2
5

0
.0
23
1

0.
02
2
5

0
.0
21
5

0
.0
2
14

0.
02
1
6

0.
02
21

0
.0
22
0

0
.0
2
16

In
f

In
f

In
f

In
f

In
f

In
f

0.
02
3
6

In
f

0.
0
02
4

0.
0
00
8

0.
0
02
3

0.
0
00
0

0.
0
09
1

M
0.
0
08
2

0
.0
0
73

0.
00
8
1

0
.0
09
4

0.
00
9
9

0
.0
09
3

0
.0
0
84

0.
00
8
2

0
.0
0
84

0
.0
08
9

0
.0
0
89

0.
0
0
8
5

0.
01
0
7

0
.0
0
89

0
.0
0
90

0
.0
0
91

0
.0
0
92

0
.0
0
97

0
.0
1
05

0
.0
0
92

0
.0
1
04

0
.0
0
91

0
.0
1
05

0
.0
0
91

0
.0
0
00

12



T
a
b
le

1
3
:
G
o
a
l
1
+
2
+
3
G
ea

r
p
u
m
p
A

(M
u
lt
i-
o
b
je
ct
iv
e
A
g
g
re
g
a
te

M
et
h
o
d
)
u
si
n
g
E
D
B
A

It
er
at
io
n

P
o
p
u
la
ti
o
n
si
ze

D
is
as
se
m
b
ly

S
eq
u
en
ce

D
is
as
se
m
b
ly

D
ir
ec
ti
o
n

D
is
a
ss
em

b
ly

m
o
d
e

D
is
a
se
m
b
ly

T
o
ol

B
es
t
F
o
u
n
d
V
al
u
e

10
0

5
0

5
-4
-2
-1
-6
-3
-1
5
-1
4-
13
-1
2
-7
-9
-1
1-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
18

10
0

6
0

3
-1
-6
-5
-4
-2
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
20

10
0

7
0

2
-1
-6
-5
-4
-3
-1
5
-1
4-
13
-1
2
-7
-1
0-
11
-9
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
26

10
0

8
0

1
5-
14
-1
3
-1
-6
-5
-4
-3
-2
-1
2
-7
-9
-1
1-
10
-8

1-
1-
1
-2
-2
-2
-2
-2
-2
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

2-
3-
3-
1-
1-
1-
1-
1-
1-
4-
4
-3
-3
-3
-3

6
5.
23

20
0

5
0

2
-1
-6
-5
-4
-3
-1
5
-1
4-
13
-1
2
-7
-9
-1
1-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
19

20
0

6
0

3
-4
-5
-6
-1
-2
-1
5
-1
4-
13
-1
2
-7
-1
0-
11
-9
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
26

20
0

7
0

4
-3
-2
-1
-6
-5
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
27

20
0

8
0

1
5-
14
-1
3
-1
-6
-5
-4
-3
-2
-1
2
-7
-9
-1
1-
10
-8

1-
1-
1
-2
-2
-2
-2
-2
-2
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

2-
3-
3-
1-
1-
1-
1-
1-
1-
4-
4
-3
-3
-3
-3

6
5.
23

30
0

5
0

5
-4
-3
-1
-2
-6
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
20

30
0

6
0

6
-1
-2
-3
-4
-5
-1
5
-1
4-
13
-1
2
-7
-9
-1
1-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
25

30
0

7
0

6
-1
-2
-3
-4
-5
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
22

30
0

8
0

2
-1
-6
-5
-4
-3
-1
5
-1
4-
13
-1
2
-7
-9
-1
1-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
25

40
0

5
0

3
-2
-4
-5
-6
-1
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
17

40
0

6
0

5
-6
-1
-2
-3
-4
-1
5
-1
4-
13
-1
2
-7
-1
0-
11
-9
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
24

40
0

7
0

5
-6
-1
-2
-3
-4
-1
5
-1
4-
13
-1
2
-7
-9
-1
1-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
24

40
0

8
0

3
-2
-1
-6
-5
-4
-1
5
-1
4-
13
-1
2
-7
-1
0-
9-
11
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
21

50
0

5
0

3
-4
-6
-1
-2
-5
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
21

50
0

6
0

1
-2
-3
-4
-6
-5
-1
5
-1
4-
13
-1
2
-7
-1
1-
9-
10
-8

2-
2-
2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

1-
1-
1-
1-
1-
1-
2-
3-
3-
4-
4
-3
-3
-3
-3

6
5.
17

5
0
0

7
0

1
5
-1
4
-1
3
-1
-2
-3
-4
-5
-6
-7
-1
2
-9
-1
1
-1
0
-8

1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

2
-3
-3
-1
-1
-1
-1
-1
-1
-4
-4
-3
-3
-3
-3

6
5
.3
0

50
0

8
0

1
5-
14
-1
3
-6
-1
-2
-4
-3
-5
-7
-1
2
-1
1-
9-
10
-8

1-
1-
1
-2
-2
-2
-2
-2
-2
-2
-1
-2
-2
-2
-2

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4

2-
3-
3-
1-
1-
1-
1-
1-
1-
4-
4
-3
-3
-3
-3

6
5.
16

N
o
te
s:

D
is
as
se
m
b
ly

d
ir
ec
ti
on

:
1
=

Y
+

d
ir
ec
ti
o
n
an

d
2
=

Y
-
d
ir
ec
ti
o
n
.

D
is
as
se
m
b
ly

m
o
d
e:

1
=

re
u
se
,
2
=

re
m
an

u
fa
ct
u
ri
n
g,

3
=

re
cy
cl
e,

4
=

d
is
p
o
sa
l.

D
is
as
se
m
b
ly

to
ol
:
1
=

S
p
an

n
er
-I
,
2
=

S
p
an

n
er
-I
I,
3
=

G
ri
p
p
er
-I
,
4
=

G
ri
p
p
er
-I
I

13



T
a
b
le

1
4
:
G
o
a
l
1
+
2
+
3
G
ea

r
p
u
m
p
B

(M
u
lt
i-
o
b
je
ct
iv
e
a
g
g
re
g
a
te

m
et
h
o
d
)
u
si
n
g
E
D
B
A

It
er
at
io
n

P
o
p
u
la
ti
o
n
si
ze

D
is
as
se
m
b
ly

S
eq
u
en

ce
D
is
as
se
m
b
ly

D
ir
ec
ti
on

D
is
a
ss
em

b
ly

m
o
d
e

D
is
as
em

b
ly

T
o
ol

B
es
t
F
ou

n
d
V
al
u
e

10
0

50
24

-2
2
-2
3
-2
1
-6
-1
-5
-3
-4
-2
-7
-2
0
-1
9
-1
8
-1
1
-9
-1
0-
1
3-
1
7-
1
6-
8
-1
5
-1
4
-1
2

1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-2
-2
-2
-1
-1
-1
-2
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-4
-1
-4
-4
-4
-1

3-
3
-3
-3
-1
-1
-1
-1
-1
-1
-5
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

87
.0
8
81

8
9

10
0

60
2-
4
-5
-6
-1
-3
-7
-2
4
-2
3
-2
1
-2
2
-1
9
-2
0
-1
8
-1
7
-9
-1
0-
8
-1
6
-1
5
-1
1
-1
3
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-1
-1
-2
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-4
-4
-4
-1
-1
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
3
84

62
0
24

1
0
0

7
0

6
-5
-4
-3
-2
-1
-7
-2
3
-2
4
-2
1
-2
2
-2
0
-1
9
-1
8
-1
7
-9
-8
-1
0
-1
1
-1
3
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1

1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-4
-1
-1
-1
-4
-4
-4
-1

1
-1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7
.6
2
5
0
0
3
1
2

10
0

80
1-
4
-5
-3
-6
-2
-7
-2
4
-2
2
-2
3
-2
1
-2
0
-1
9
-1
8
-1
7
-9
-1
0-
1
1-
1
6-
8
-1
3
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-1
-2
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-4
-4
-1
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
6
19

87
4
46

20
0

50
6-
2
-4
-3
-5
-1
-7
-2
4
-2
3
-2
1
-2
2
-2
0
-1
9
-1
8
-1
0
-1
1
-8
-9
-1
3
-1
7
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-4
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
3
98

03
8
31

20
0

60
24

-2
2
-2
3
-2
1
-1
9
-2
0
-2
-3
-4
-5
-6
-1
-1
8-
1
7-
1
6-
7
-1
3
-1
5
-9
-1
0-
1
1-
8
-1
4
-1
2

1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-1
-1
-1
-2
-1
-1
-2
-2
-2
-2
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-4
-1
-1
-4
-1
-1
-1
-4
-4
-1

3-
3
-3
-3
-2
-2
-1
-1
-1
-1
-1
-1
-4
-4
-4
-5
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
3
60

57
6
78

20
0

70
1-
6
-3
-5
-4
-2
-2
4-
2
3-
2
2-
2
1-
1
9-
2
0-
7
-1
8
-8
-9
-1
0
-1
1
-1
3
-1
7
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-2
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-3
-3
-3
-3
-2
-2
-5
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
5
92

50
1
41

20
0

80
24

-2
2
-2
3
-2
1
-1
9
-2
0
-2
-3
-4
-5
-6
-1
-7
-1
8
-9
-1
0-
1
1-
8
-1
3
-1
7
-1
6
-1
5
-1
4
-1
2

1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-4
-4
-4
-4
-1

3-
3
-3
-3
-2
-2
-1
-1
-1
-1
-1
-1
-5
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
4
65

75
6
05

30
0

50
2-
3
-5
-4
-6
-1
-7
-2
4
-2
3
-2
1
-2
2
-1
9
-2
0
-1
8
-8
-9
-1
0
-1
1
-1
3
-1
7
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-1
-4
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
4
86

88
8
07

30
0

60
24

-2
3
-2
1
-2
2
-2
-4
-5
-1
-6
-3
-7
-1
9
-2
0
-1
8
-1
7
-1
0
-1
1
-9
-1
3-
1
6-
1
5-
1
4-
8
-1
2

1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-1
-1
-1
-1
-2
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-1
-4
-4
-4
-4
-1

3-
3
-3
-3
-1
-1
-1
-1
-1
-1
-5
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
3
34

90
6
32

30
0

70
2-
6
-5
-4
-3
-1
-7
-2
4
-2
3
-2
1
-2
2
-2
0
-1
9
-1
8
-9
-8
-1
7
-1
1
-1
3
-1
6
-1
5
-1
0
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-2
-2
-1
-2
-1
-1
-1
-2
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-4
-1
-1
-1
-4
-4
-1
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

87
.2
6
45

1
9

30
0

80
1-
6
-5
-3
-4
-2
-7
-2
4
-2
3
-2
1
-2
2
-1
9
-2
0
-1
8
-9
-1
0-
1
1-
1
7-
1
6-
1
5-
1
4-
1
3-
8
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-1
-1
-1
-1
-1
-2
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-4
-4
-4
-1
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
7
97

01
8
69

40
0

50
1-
6
-5
-3
-4
-2
-7
-2
4
-2
3
-2
2
-2
1
-1
9
-2
0
-1
8
-1
7
-1
0
-9
-1
3-
8
-1
6
-1
1
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-2
-1
-2
-1
-2
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-4
-4
-1
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
0
63

67
4
77

40
0

60
1-
2
-6
-4
-5
-3
-7
-2
4
-2
2
-2
3
-2
1
-1
9
-2
0
-1
8
-1
7
-1
1
-9
-8
-1
0
-1
3
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-1
-1
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-4
-1
-1
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
34

04
98

5

40
0

70
3-
4
-5
-1
-6
-2
-2
4-
2
3-
2
1-
2
2-
2
0-
1
9-
1
8-
1
7-
7
-1
6
-1
0
-1
1
-1
5
-1
4
-9
-1
3-
8
-1
2

2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-2
-1
-2
-2
-1
-1
-2
-1
-2
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-4
-1
-1
-4
-4
-1
-1
-4
-1

1-
1
-1
-1
-1
-1
-3
-3
-3
-3
-2
-2
-4
-4
-5
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
5
03

19
1
12

40
0

80
2-
6
-1
-5
-4
-3
-7
-2
4
-2
3
-2
1
-2
2
-2
0
-1
9
-1
0
-1
1
-1
8
-1
7
-8
-9
-1
3
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-2
-2
-1
-1
-2
-2
-1
-1
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-4
-1
-1
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
46

75
65

4

50
0

50
2-
1
-6
-5
-4
-3
-7
-2
3
-2
4
-2
2
-2
1
-2
0
-1
9
-1
8
-1
1
-9
-1
0-
1
3-
1
7-
8
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-1
-1
-2
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-4
-4
-4
-1
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
7.
6
00

00
5
01

50
0

60
1-
2
-4
-5
-3
-6
-7
-2
3
-2
1
-2
4
-2
2
-1
9
-2
0
-9
-1
0-
1
8-
1
7-
1
1-
1
3-
8
-1
6
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-2
-2
-1
-1
-2
-1
-2
-1
-1
-1
-1

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-1
-1
-1
-4
-4
-4
-4
-1

1-
1
-1
-1
-1
-1
-5
-3
-3
-3
-3
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
9
03

96
2
92

50
0

70
3-
2
-1
-5
-4
-6
-2
4-
2
2-
2
3-
2
1-
2
0-
1
9-
7
-8
-9
-1
0
-1
8
-1
7
-1
6
-1
1
-1
3
-1
5
-1
4
-1
2

2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-1
-1
-1
-2
-1
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-1
-1
-1
-4
-4
-1
-1
-4
-4
-1

1-
1
-1
-1
-1
-1
-3
-3
-3
-3
-2
-2
-5
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
8
02

68
8
56

50
0

80
23

-2
1
-2
4
-2
2
-2
-3
-5
-4
-6
-1
-7
-1
9
-2
0
-1
8
-1
7
-8
-1
0-
1
6-
9
-1
5
-1
1
-1
3
-1
4
-1
2

1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-1
-2
-1
-2
-1
-1
-2

1-
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-4
-1
-1
-4
-1
-4
-1
-4
-1
-1
-4
-1

3-
3
-3
-3
-1
-1
-1
-1
-1
-1
-5
-2
-2
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5

8
6.
7
70

13
0
39

N
o
te
s:

D
is
a
ss
em

b
ly

d
ir
ec
ti
on

:
1
=

Y
+

d
ir
ec
ti
o
n
an

d
2
=

Y
-
d
ir
ec
ti
o
n
.

D
is
a
ss
em

b
ly

m
o
d
e:

1
=

re
u
se
,
2
=

re
m
an

u
fa
ct
u
ri
n
g,

3
=

re
cy
cl
e,

4
=

d
is
p
os
al
.

D
is
a
ss
em

b
ly

to
ol
:
1
=

S
p
an

n
er
-I
,
2
=

S
p
a
n
n
er
-I
I,
3
=

S
p
an

n
er
-I
II
,
4
=

G
ri
p
p
er
-I
,
5
=

G
ri
p
p
er
-I
I

14



Table 15: Pareto Optimal Solutions of Gear pump A (NSGA-II - Iteration 500, Population Size 80

No. Disassembly Sequence Disassembly Direction Disassembly mode Disasembly Tool f1 f2 f3

1 1-6-5-2-3-4-15-7-10-9-13-8-11-12-14 2-2-2-2-2-2-1-2-2-2-2-2-2-2-2 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-4-3 63.119 0.853 -0.195

2 1-5-6-2-4-3-15-14-13-12-8-11-10-9-7 2-2-2-2-2-2-1-1-1-1-1-1-1-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-3-3-4-3-3-3-3-4 63.161 0.850 -0.195

3 1-2-3-4-5-6-15-7-8-9-10-13-11-12-14 2-2-2-2-2-2-1-2-2-2-2-2-2-2-2 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-4-3 63.132 0.853 -0.195

4 1-4-2-3-5-6-15-7-8-14-13-10-11-9-12 2-2-2-2-2-2-1-2-2-1-1-2-2-2-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 63.647 0.841 -0.195

5 3-2-4-5-1-6-7-9-11-8-15-10-14-13-12 2-2-2-2-2-2-2-2-2-2-1-2-1-2-2 1-1-1-1-1-1-1-1-1-4-1-1-1-1-1 1-1-1-1-1-1-4-3-3-3-2-3-3-3-4 63.702 0.840 -0.195

6 3-5-2-1-4-15-14-13-6-12-10-9-11-8-7 2-2-2-2-2-1-1-1-2-1-1-1-1-1-1 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-2-3-3-1-4-3-3-3-3-4 62.928 0.848 -0.195

7 3-5-1-2-4-6-15-14-13-12-7-10-11-9-8 2-2-2-2-2-2-1-1-1-1-2-2-1-2-1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-4 1-1-1-1-1-1-2-3-3-4-4-3-3-3-3 63.953 0.857 -0.21

8 4-2-3-6-1-5-15-14-13-12-7-10-11-9-8 2-2-2-2-2-2-1-1-1-1-2-1-2-1-2 1-1-1-1-1-1-1-1-1-1-1-1-1-1-4 1-1-1-1-1-1-2-3-3-4-4-3-3-3-3 63.989 0.857 -0.21

9 4-2-3-5-1-6-15-7-8-9-14-13-10-12-11 2-2-2-2-2-2-1-2-2-2-1-1-2-1-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-4-3 63.202 0.848 -0.195

10 4-5-2-6-1-15-3-7-8-9-10-11-12-13-14 2-2-2-2-2-1-2-2-2-2-2-2-2-2-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-2-1-4-3-3-3-3-4-3-3 62.077 0.850 -0.195

11 4-1-6-5-2-3-15-14-13-12-10-11-9-8-7 2-2-2-2-2-2-1-1-1-1-1-1-1-1-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-1-2-3-3-4-3-3-3-3-4 63.994 0.854 -0.195

12 4-3-6-5-2-15-14-13-1-12-9-11-10-8-7 2-2-2-2-2-1-1-1-2-1-1-1-1-1-1 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-2-3-3-1-4-3-3-3-3-4 63.066 0.849 -0.195

13 5-6-2-1-4-3-7-11-9-10-8-15-12-14-13 2-2-2-2-2-2-2-2-2-2-2-1-2-1-2 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-4-3-3-3-3-2-4-3-3 65.220 0.862 -0.195

14 5-2-1-3-4-6-7-10-8-11-9-13-15-12-14 2-2-2-2-2-2-2-2-2-2-2-2-1-2-2 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-4-3-3-3-3-3-2-4-3 63.264 0.854 -0.195

15 5-2-4-6-1-3-15-14-13-7-12-8-10-9-11 2-2-2-2-2-2-1-1-1-2-1-1-1-2-1 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-1-1-1-1-1-2-3-3-4-4-3-3-3-3 63.384 0.850 -0.195

16 5-4-1-3-2-6-15-14-12-7-8-10-11-9-13 2-2-2-2-2-2-1-1-1-2-2-2-2-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-3-4-4-3-3-3-3-3 63.549 0.851 -0.195

17 5-2-3-6-4-1-7-9-11-10-8-15-14-12-13 2-2-2-2-2-2-2-2-2-2-2-1-1-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-4-3-3-3-3-2-3-4-3 62.783 0.849 -0.195

18 5-6-1-4-2-3-7-11-13-9-10-15-14-8-12 2-2-2-2-2-2-2-2-2-2-2-1-1-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-1-4-3-3-3-3-2-3-3-4 63.441 0.844 -0.195

19 5-3-4-6-1-2-15-14-12-7-9-13-10-8-11 2-2-2-2-2-2-1-1-1-2-1-1-2-2-1 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-1-2-3-4-4-3-3-3-3-3 62.985 0.845 -0.195

20 5-1-3-4-6-2-15-7-11-9-8-13-14-10-12 2-2-2-2-2-2-1-2-2-2-2-2-1-2-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 64.389 0.849 -0.195

21 6-3-1-4-5-2-15-7-8-10-11-13-14-9-12 2-2-2-2-2-2-1-2-2-2-2-2-1-2-2 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 63.923 0.845 -0.195

22 6-3-4-1-5-2-7-10-11-9-13-8-15-14-12 2-2-2-2-2-2-2-2-2-2-2-2-1-1-2 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-1-1-1-1-1-4-3-3-3-3-3-2-3-4 64.035 0.846 -0.195

23 6-5-1-2-4-15-14-13-3-7-12-8-10-9-11 2-2-2-2-2-1-1-1-2-2-1-2-2-2-2 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-1-1-1-1-2-3-3-1-4-4-3-3-3-3 63.258 0.852 -0.195

24 6-4-5-2-3-1-7-11-9-13-8-15-14-10-12 2-2-2-2-2-2-2-2-2-2-2-1-1-2-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-4-3-3-3-3-2-3-3-4 64.422 0.850 -0.195

25 6-15-14-13-1-3-4-2-5-7-12-8-9-10-11 2-1-1-1-2-2-2-2-2-2-1-1-1-2-1 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-2-3-3-1-1-1-1-1-4-4-3-3-3-3 62.783 0.849 -0.195

26 6-1-3-5-4-2-7-15-11-8-10-9-12-14-13 2-2-2-2-2-2-2-1-2-2-2-2-2-1-2 1-1-1-1-1-1-1-1-1-4-1-1-1-1-1 1-1-1-1-1-1-4-2-3-3-3-3-4-3-3 63.089 0.850 -0.195

27 6-5-4-3-2-1-15-7-10-13-11-9-14-8-12 2-2-2-2-2-2-1-2-2-2-2-2-1-2-1 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 64.618 0.849 -0.195

28 15-5-3-4-1-2-6-7-9-11-8-10-12-14-13 1-2-2-2-2-2-2-2-2-2-2-2-2-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 2-1-1-1-1-1-1-4-3-3-3-3-4-3-3 63.863 0.853 -0.195

29 15-1-6-4-3-5-2-7-10-9-11-14-13-8-12 1-2-2-2-2-2-2-2-2-2-2-1-1-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 2-1-1-1-1-1-1-4-3-3-3-3-3-3-4 65.946 0.858 -0.195

30 15-3-5-6-2-4-1-7-8-11-9-13-10-14-12 1-2-2-2-2-2-2-2-2-2-2-2-2-1-2 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 2-1-1-1-1-1-1-4-3-3-3-3-3-3-4 63.654 0.838 -0.195

31 15-14-3-1-2-5-4-6-7-12-11-10-13-8-9 1-1-2-2-2-2-2-2-2-1-2-2-1-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 2-3-1-1-1-1-1-1-4-4-3-3-3-3-3 63.312 0.843 -0.195

32 15-2-4-1-5-6-3-14-13-12-7-10-8-11-9 1-2-2-2-2-2-2-1-1-1-2-2-2-2-2 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 2-1-1-1-1-1-1-3-3-4-4-3-3-3-3 63.555 0.844 -0.195

33 15-3-4-1-2-6-5-14-13-12-11-10-9-8-7 1-2-2-2-2-2-2-1-1-1-1-1-1-1-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 2-1-1-1-1-1-1-3-3-4-3-3-3-3-4 63.335 0.844 -0.195

34 15-14-1-6-3-4-2-5-7-11-9-10-8-12-13 1-1-2-2-2-2-2-2-2-2-2-2-2-2-1 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 2-3-1-1-1-1-1-1-4-3-3-3-3-4-3 62.828 0.850 -0.195

Notes:

Disassembly direction: 1 = Y+ direction and 2 = Y- direction.

Disassembly mode: 1 = reuse, 2 = remanufacturing, 3 = recycle, 4 = disposal.

Disassembly tool: 1 = Spanner-I, 2 = Spanner-II,3 = Gripper-I, 4 = Gripper-II
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Table 16: Pareto Optimal Solutions of Gear pump A (PESA-II - Iteration 300, Population Size 80)

No. Disassembly Sequence Disassembly Direction Disassembly mode Disasembly Tool f1 f2 f3

1 1-2-5-4-3-6-7-15-14-13-11-12-8-10-9 2-2-2-2-2-2-2-1-1-2-2-1-1-2-1 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 1-1-1-1-1-1-4-2-3-3-3-4-3-3-3 63.683 0.853 -0.195

2 1-2-3-4-6-5-7-8-15-13-14-11-12-10-9 2-2-2-2-2-2-2-2-1-2-1-2-1-1-1 1-1-1-1-1-1-1-4-1-1-1-1-1-1-1 1-1-1-1-1-1-4-3-2-3-3-3-4-3-3 63.409 0.849 -0.195

3 1-4-6-2-5-3-7-10-8-11-9-13-15-12-14 2-2-2-2-2-2-2-2-2-2-2-2-1-2-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-4-3-3-3-3-3-2-4-3 62.968 0.851 -0.195

4 1-5-2-6-4-3-15-7-11-9-10-8-12-14-13 2-2-2-2-2-2-1-2-2-2-2-2-2-1-2 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-4-3-3 64.686 0.861 -0.195

5 2-3-6-1-4-15-14-13-5-7-12-11-10-9-8 2-2-2-2-2-1-1-1-2-2-1-2-2-1-1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-4 1-1-1-1-1-2-3-3-1-4-4-3-3-3-3 62.827 0.850 -0.21

6 2-1-4-6-5-3-7-11-10-9-15-14-8-12-13 2-2-2-2-2-2-2-2-2-2-1-1-2-1-1 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 1-1-1-1-1-1-4-3-3-3-2-3-3-4-3 62.889 0.854 -0.195

7 2-3-4-6-5-1-15-7-10-11-9-13-14-8-12 2-2-2-2-2-2-1-2-2-2-2-2-1-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 65.658 0.858 -0.195

8 3-2-5-6-1-4-15-7-10-9-14-12-8-11-13 2-2-2-2-2-2-1-2-2-2-1-1-2-2-2 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 1-1-1-1-1-1-2-4-3-3-3-4-3-3-3 63.118 0.846 -0.195

9 3-2-6-1-4-5-15-7-8-11-10-13-14-9-12 2-2-2-2-2-2-1-2-2-2-2-2-1-2-2 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 64.100 0.846 -0.195

10 3-2-5-1-4-15-14-13-6-12-7-10-8-9-11 2-2-2-2-2-1-1-1-2-1-2-1-1-1-2 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 1-1-1-1-1-2-3-3-1-4-4-3-3-3-3 62.851 0.848 -0.195

11 3-4-1-6-5-2-15-7-9-11-8-10-13-14-12 2-2-2-2-2-2-1-2-2-2-2-2-2-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 64.102 0.846 -0.195

12 4-5-6-1-2-3-15-14-13-12-11-7-9-10-8 2-2-2-2-2-2-1-1-1-1-1-2-2-1-2 1-1-1-1-1-1-1-1-1-1-1-1-1-1-4 1-1-1-1-1-1-2-3-3-4-3-4-3-3-3 62.152 0.848 -0.21

13 4-6-5-1-3-2-15-7-10-9-8-11-14-12-13 2-2-2-2-2-2-1-2-2-2-2-2-1-1-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-4-3 62.777 0.848 -0.195

14 4-6-3-2-5-1-15-7-8-14-9-11-13-10-12 2-2-2-2-2-2-1-2-2-1-2-2-2-2-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 63.363 0.839 -0.195

15 5-2-4-3-1-6-15-7-10-9-8-11-13-12-14 2-2-2-2-2-2-1-2-2-2-2-2-2-2-1 1-1-1-1-1-1-1-1-1-1-4-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-4-3 62.996 0.851 -0.195

16 5-2-3-4-1-15-14-13-6-12-7-10-8-11-9 2-2-2-2-2-1-1-1-2-1-2-1-1-1-1 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 1-1-1-1-1-2-3-3-1-4-4-3-3-3-3 63.015 0.846 -0.195

17 5-6-3-2-1-15-4-7-9-11-10-14-13-8-12 2-2-2-2-2-1-2-2-2-2-2-1-2-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-4-1 1-1-1-1-1-2-1-4-3-3-3-3-3-3-4 64.497 0.851 -0.195

18 5-6-3-4-2-1-7-10-8-15-13-9-11-14-12 2-2-2-2-2-2-2-2-2-1-2-2-2-1-1 1-1-1-1-1-1-1-1-4-1-1-1-1-1-1 1-1-1-1-1-1-4-3-3-2-3-3-3-3-4 63.988 0.847 -0.195

19 5-6-2-4-3-1-15-7-11-8-14-13-9-10-12 2-2-2-2-2-2-1-2-2-2-1-2-2-2-1 1-1-1-1-1-1-1-1-1-4-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 63.924 0.844 -0.195

20 5-6-4-3-2-1-15-7-11-8-9-14-10-13-12 2-2-2-2-2-2-1-2-2-2-2-1-2-2-1 1-1-1-1-1-1-1-1-1-4-1-1-1-1-1 1-1-1-1-1-1-2-4-3-3-3-3-3-3-4 63.483 0.840 -0.195

21 6-5-3-4-2-1-15-14-12-7-9-11-10-13-8 2-2-2-2-2-2-1-1-1-2-1-1-2-2-2 1-1-1-1-1-1-1-1-1-1-1-1-1-1-4 1-1-1-1-1-1-2-3-4-4-3-3-3-3-3 63.623 0.853 -0.21

22 15-14-13-6-5-1-4-2-3-7-12-8-9-11-10 1-1-1-2-2-2-2-2-2-2-1-1-1-1-1 1-1-1-1-1-1-1-1-1-1-1-4-1-1-1 2-3-3-1-1-1-1-1-1-4-4-3-3-3-3 64.348 0.852 -0.195

23 15-6-1-3-2-4-5-7-10-11-14-13-8-9-12 1-2-2-2-2-2-2-2-2-2-1-1-2-2-2 1-1-1-1-1-1-1-1-1-1-1-1-4-1-1 2-1-1-1-1-1-1-4-3-3-3-3-3-3-4 64.603 0.848 -0.195

24 15-5-1-2-3-4-6-7-9-8-11-10-13-12-14 1-2-2-2-2-2-2-2-2-2-2-2-2-2-1 1-1-1-1-1-1-1-1-1-4-1-1-1-1-1 2-1-1-1-1-1-1-4-3-3-3-3-3-4-3 63.325 0.851 -0.195

Notes:

Disassembly direction: 1 = Y+ direction and 2 = Y- direction.

Disassembly mode: 1 = reuse, 2 = remanufacturing, 3 = recycle, 4 = disposal.

Disassembly tool: 1 = Spanner-I, 2 = Spanner-II,3 = Gripper-I, 4 = Gripper-II
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Figures
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Figure 1: Normality Test Results for Gear pump A and B - Goal 1+2+3 (Multiobjective aggregate

method
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Figure 2: Post-hoc (Dunn-Sidak) test Results for Gear pump A
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Figure 3: Post-hoc (Dunn-Sidak) test Results for Gear pump B
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