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Abstract: To provide evidence for enterprises to choose the best process plan, the

method of multi-process plan evaluation based on fuzzy comprehensive evaluation and grey

relational analysis was proposed. In this method, the fuzzy comprehensive evaluation and

grey relational analysis were integrated to build a multi-process plan evaluation method. Hi-

erarchical analysis was made in the structure figure of process plan selection process by vari-

ous factors which affected the quality of process plans, and the hierarchical model of these

factors was built. While standardizing data, membership degree was adopted to finish it.

While caculating weight, the fuzzy comprehensive evaluation and the variation coefficient

method were combined to calculate weight instead of the average weight method in the grey
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relational analysis. Then, sorting process plans were achieved by correlation coefficients
and combined weight. Finally, an aircraft engine blade was developed to illustrate the feasi-

bility and validity of the proposed evaluation method.

Key words: multi-process plan evaluation; fuzzy comprehensive evaluation;

grey relational analysis; weight computing; the best process plan
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Fig. 1 Matching flow between operations and manufacturing resources
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Table 1 Membership degree formulas of various indicators and variable description
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Table 2 Divided operation and accuracy requirements of a blade
Ra/[dm
1 s 1T10 3.2
2 1T10 3.2
3 1T10 3.2
1 1T9 3.2
3
Table 3 Capability and status of machine tools matched with operations
X
1T
R,/pm /%
) 11 11~7 .4~3.2 40
15 10~7 .4~1.6 30
2 19 10~7 4~3.2 20
28 12~8 4~3.2
3 16 9~5 4~0.8
(DD6)
17 10~8 41~1.6
4 5 10~6 4~3.2 30
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4 R, =
. 1 . 1 2 3 4
(D~ (D 7 1:0.2628 0.2497 0.2378 0.2497
. 2:0.2497 0.2378 0.2628 0.2497
. 3.0.2517 0.2397 0.2797 0.2289
R, = 4.0.2487 0.2262 0.2764 0.2487
1 2 3 4 R, =
T,:0.4545 0.4865 0.6250 0.3636 1 2 3 4
T,:0.5455 0.5135 0.3750 0.6364 1:0.2764 0.2487 0.2262 0.2487
2:0.2797 0.2517 0.2397 0.2289
Ry, = 3.0.2497 0.2497 0.2628 0.2378
1 2 3 4 4.0.2497 0.2497 0.2378 0.2628
C,:0.7500 0.8333 0.8750 0.8654 R, —
C,:0.2500 0.1667 0.1250 0.1346 ) ) 3 A
R; = 1.0.25 0.25 0.25  0.25
1 2 3 4 2:0.25 0.25 0.25  0.25
P.:0.2532 0.2384 0.2642 0.2442 3.0.25 0.25 0.25  0.25
P..0.2639 0.2500 0.2416 0.2445 4:0.25 0.25 0.25  0.25
R.:0.25 0.25  0.25  0.25
4
Table 4 Various evaluated indicators of each process plan
1 2 3 |
11 19 28 5 11 19 17 5 15 19 28 5 15 19 17 5
/min 12 9.5 6 14
/min 10 9 10 8
/ 100 80 50 70

300 400 350 450

0.019 0.020 0.021 0.020 0.020 0.021 0.019 0.020 0.020 0.021 0.018 0.022 0.020 0.022 0.018 0.020

0.018 0.020 0.022 0.020 0.018 0.020 0.021 0.022 0.020 0.020 0.019 0.021 0.020 0.020 0.021 0.019

3.2 3.2 3.2 3.2 3.2 32 3.2 32 3.2 3.2 3.2 32 3.2 32 3.2 32

/pm
2 A=
T,

1 1/2 2
: 2 1 3
: 1/2 1/3 1

B, =

D : Ty,
A, B, .B, B, 1 1/2
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T, Wy = (0.19799,0.80201)"
B, = 1 1/2 Wy, = (0.2707,0.7293)"
2 1 Wy, = (0.5252,0.2339,0.2409)7
. B=MWR
33 =
Ty, 0.5455,0.5135,0. 3750,0. 6364
R, = |0.2707.,0.2707.0.2707.0.2707
1 0 7 0.2532,0.2409,0. 2642,0. 2442
1/5 1 3
177 1/3 ! W, = (0.4682,0.2453,0.2865)"
3)
W, = (0.2973,0.5390,0.1637)" , 1
Xamex = 3.00, Cux =0<0.1 O~ A2 .
W, = (0.1667.0.8333)" Wy = (0.1823,0.8177)"
W, = (0.1667,0.8333)" Wy, = (0.2187,0.7813)"
“ W, = (0.6461,0.1887,0.1652)"
Wy = (0.7669,0.1435,0.0895)" W, = (0.3828,0.3921,0.225 D"
Am =2.79, Cpgx=0<0.1 3
2) 1
, . .(0.1765,0. 2293,
i 0.2231,0. 2087,0. 2384,0. 2416,0. 25),
, i [16] ,
, : . 5.
5
Table 5 Normalized data of each process plan
T, T, C, C, Pe Ps R,
1 1.9994 1.0000 1. 3003 1.0000 1.0621 1.0923 1.0000
2 1.3331 1.1269 1.0000 1.2003 1.0000 1.0348 1.0000
3 1.0000 1.0000 1.0000 1.0910 1.1082 1.0000 1.0000
4 1.3331 1.2499 1.1820 1.5002 1.0243 1.0120 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1 1.0000
(13) 5 1 7 (14)
Y1 = (0.8785,0.7068,1.0000,0.6545)
0.3333,0.6000,1.0000,0. 60000 Y = (0.9179,0.7764.,0.8796,0.5507)
S = (1.oooo,o.7975,1.0000,0.6666 ) Y1y = (0.8992.,0.9886,0.8850,0.9656)
0.6246,1.0000,1.0000,0. 7330 2
b = (1.0000,0.7138,0. 8459,0.4997) 3
0.8895,1.0000,0.8220,0. 9536 0.8785,0.7068,1.0000,0. 6545
Coivs = |0.8441,0.9349,1.0000,0.9765 & = |0.9179,0.7764,0.8796,0.5507

1.0000,1.0000,1.0000,1.0000 0.8992,0.9886,0.8850,0.9656
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2
Y2 = (0.8986,0.7975,0.9269,0. 6838)

3> 1> 2>

Y4 = (0.8997,0.7723,0.8904,0.6307)

1> 3>
4

2>

Y4 = (0.8038,0.8862,0.9456,0.7219)

3> 2> 1>
4
3.
3> 1> 2>
4
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