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Manufacturability Evaluation of Complex Surface Parts Based on
Rough Set Theory and Fuzzy Clustering

Fan Cheng Zhang Lei Yuan Jun Zhao Ji
(Institute of Mechanical Science and Engineering, Jilin University, Changchun 130025, China)

Abstract; In order to improve the ability to predict the manufacturability of complex surfaces in the
design stage, the manufacturability evaluation indexes and models of complex part surfaces were studied.
The factors affecting the manufacturability of the complex part surfaces were divided into two groups, the
geometrical complexity (GC) and the technological complexity (TC). Considering the features in GC,
the complex part surfaces were classified into several clusters according to distribution features of complex
surfaces and slopes, which established the group patterns of the parts. Then the discrete and the
reduction algorithms of rough set were used to calculate the weights of the feature attributes including a
few attributes in TC. After that, the method of fuzzy pattern recognition and the calculation of surface
similarity were used to evaluate the manufacturability of parts. A case study showed that the method could
evaluate the manufacturability of the complex part surfaces accurately.
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Fig. 1 Evaluation index system for complex
surface manufacturability
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Tab.1 Free-form surface samples for fuzzy clustering
5s MAERE MR R MR EME MR 2 w R v R w AR oA oA o R
7 Kl/mm’1 Kz/mm’1 ](3/mm’l K4/mm’] Sizﬂ]fﬁ Qul E'i‘j(fﬁ 0“2 I #E O”g E{Zﬂ]fﬁ 01.1 E'ij({ﬁ 0,,2 Ji % 0@
1 3.600 0 315.3617 -0.9053 25.228 8 0.200 6 0.4922 0.108 1 0.246 3 0.790 8 0.1575
2 0.1975 7.7318 -0.869 6 0.854 4 0.1834 0.348 4 0.074 6 0.2269 0.6151 0.126 6
3 0.3889 13.9519  -0.8835  1.53238 0.184 0 0.4242 0.0959 0.2289 0.710 8 0.1457
4 -0.0024 4.9810 -7.5151 0.926 6 0.176 0 0.2590 0.0577 0.2201 0.5752 0.1059
5 0. 000 4 0.997 4 -1.4329 0.2505 0.1743 0.2870 0.054 4 0.2171 0.4936 0.107 1
6 1.474 1 408.902 4 -9.9717 17. 888 6 0.3497 2.9528 0.3958 0.3520 1.6392 0.2713
20 0.1005 17.3027 -5.2306 1.3630 0.1992 0.6769 0.099 8 0.2440 0.8655 0.1552
21 2.5633 486.4279 -18.4256 25.0126 0.2362 1.758 8 0.2230 0.2627 1.548 4 0.2530
22 0.199 6 31.5409 -4.1528 1.8165 0.1869 0.6518 0.0856 0.229 4 1.183 1 0.1802
A 112 B 7218 2 4 5 3111015 1620 92213 14 17 18 18 Jakopy ﬁ?ﬁﬁf%ﬂiﬁjﬁﬂ’ﬂﬁﬂIHHLI‘ETJ%HJJHI&ZIK,H%%ET%
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6
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06373
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Fig.3  Clustering trend for free-form surface samples (141, {151,116}, {171,120}, {21}}{
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Tab.2 Group pattern of free-form surface samples
. MM MR R MR EME MR AR w AR v AR o mAbR o AR v R
7 Kl/mm’1 Kz/mm’] 1(3/mm’l K4/mm’] S Q. R Q. Vi Qs A Q. i KAE Q. i E Q.
A2k 0.1289 10.356 3 -2.2920 0.9350 0.1843 0.5596 0.088 4 0.2273 0.779 8 0.1419
B 2k 0.6590 58.7619 -2.0928 4.1495 0.204 7 0.4700 0.097 1 0.2455 1.1342 0.2015
C 2 0.3970 74.562 6 -86.1024 5.620 6 0.2208 1.2882 0.1470 0.2500 1.4273 0.1916
D 2% 2.9152 259.8549 -1.773 1 20. 266 6 0.199 4 0.4545 0.098 0 0.2517 0.894 8 0.1697
E 2k 0.196 3 385.4713 -11.7836 19.2813 0.2811 2.0921 0.276 8 0.3045 1.576 1 0.2426
F 2k 1.163 8 156. 866 9 -3.0452 11.016 9 0.2001 0.7196 0.108 4 0.2813 1.5569 0.2138
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Tab.3 Decision table of attribute description Tab.4 Discrete decision table of attribute description
= JUfT RRE R RAF O fE JBAR PesE JUfT kR R RAF O fE JBAR PesE
M e, BEEE ¢ BEEE ¢ WEEE ¢ WEEE ¢ W o JRIE D R e BERE ¢ BERE o3 WEIE ¢ WEIE o5 ML ¢ JBIED
1 D 60 RJ3.2 1T T8 IT7 R 1 3 2 1 3 2 2 1
2 A 43 RO0.2 IT5 ITS Im6 R 2 0 0 0 0 0 1 2
3 A 58 R,0.2 176 1T6 Im6 sk 3 0 1 0 1 0 0 1
4 A 58 R,1.6 116 IT6 IT6 B4 4 0 1 1 1 1 1 2
5 A 60 R,1.6 1T6 1T6 1T6 7 5 0 2 1 1 1 1 3
6 E 57 R3.2 1T7 1T7 1T7 %= 6 4 1 1 2 2 2 0
20 A 52 R,0.8 1T6 ITS 1T6 R 4f 20 0 1 1 1 1 1 2
21 58 R.3.2 1T7 1T7 1T8 7 21 4 1 1 2 2 3 0
22 52 R,0.8 IT5 ITS Im6 R 22 0 1 1 0 0 1 2
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Tab.5 Matrix of control vertices of No.1 designed surface

v [ u [
(0,0,0) (0,10,0) (0,20,0) (0,30,0) (0,40,0) (0,50,0)
(10,0,0) (10,10, -2) (10,20, - 10) (10,30, - 10) (10,40, - 10) (10,50,0)
(20,0,0) (20,10, -4) (20,20, - 10) (20,30, - 10) (20,40, - 10) (20,50,0)
(30,0,0) (30,10, -5) (30,20, -2) (30,30, -2) (30,40, -2) (30,50,0)
(40,0,0) (40,10,0) (40,20,0) (40,30,0) (40,40,10) (40,50,0)
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Tab.6 Weight matrix of No. 1 designed surface

v [A] u [f]
1

= N U SR

1
1
2
2
1

—_ e e e e

[ U O R

P AT i T A TR Y 0 P da FTIET 4c BT
o IR LS A 2 S BTl T A LA 4 Ak 2
B 9 fros o o3 R Ak 2 80
TEABLREA (R 2) A . iR aris 1 5
BT A SIS TN A R R K, BORE 15 Bt
T o 2 A 285000 2 5 Bl S D 2 I S
BROR L EORF 2 S BTl R B D 2

R7T 2SR HEENTRER

Tab.7 Matrix of control vertices of No. 2 designed surface

v [A] u [
(0,0,0) (0,10,0) (0,20,0) (0,30,0) (0,40,0) (0,50,0)
(10,0,0) (10,10,10) (10,20,10) (10,30,10) (10,40, -2) (10,50,0)
(20,0,0) (20,10,10) (20,20,22) (20,30,10) (20,40, -5) (20,50,0)
(30,0,0) (30,10,10) (30,20,10) (30,30, - 10) (30,40, -2) (30,50,0)
(40,0,0) (40,10,0) (40,20,0) (40,30,0) (40,40,10) (40,50,0)
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Tab.8 Weight matrix of No. 2 designed surfaces

v [f] u [
1 1 1 1 1 1
1 3 5 1 1 1
1 2 14 1 2 1
1 3 3 2 2 1
1 1 1 1 1 1

Bt I TR S R R SR ARk 1

7 o P I T A A AR AT (], RO BB A7 A
AL AR RS BE 25K X AR ], i A 2 Th7RLRS JB2 9 285K
1S3t s g (R,1.6) o M4 B il 1wl il i
PRI T PR 34, 23 50 T BT il TS A A R
JIE R A REAS T A A RL R . TR AT AR 1 S
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Tab.9 Parameters of geometrical attributes of designed surfaces
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2 1.8778  227.9928 -6.2918 15.0522  0.2125 0.7864  0.1293 0.267 6 1.0304  0.1954
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Tab.10 Attribute description of designed surfaces
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