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Application of rough set theory in identification of key functional parts
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Abstract; The identification of key functional parts can improve the retrieval efficiency of assembly model and the
reuse level of retrieval,, and also provide critical reference information for autonomous design. In order to reduce the
subjectivity of the expert system, the rough set theory was introduced into the automatic identification of key
subassembly functional parts, and the ranking process of functional parts was driven by the data of the assembly
model itself. The characteristics and connection relationships of parts in assembly were analyzed, and assembly
model was established based on complex network. The topological layer, part attribute layer data, and part types
were extracted as condition attributes and decision attributes. The algorithm based on dynamic hierarchical
clustering was used to discretize the decision information table of the subassembly parts. The heuristic reduced
algorithm based on attribute importance was adopted to dig knowledge, eliminate redundant condition attributes,
and obtain attributes reduction set as well as corresponding attribute weight. Finally, the order of the importance of
the subassembly parts with key functions was obtained through comprehensive evaluation. The worm gear reducer
model was taken as an example to verify the performance of the proposed method. Experimental results show that
the final ranking results of the proposed model were consistent with those of previous research results, and since the
model is driven by the assembly model data itself, it is more objective.
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Fig. 1 Evaluation process of key subassembly functional parts
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Fig.2 Schematic diagram of worm gear reducer model

B3 SRRt EESREGEESEE

Fig.3 Part attribute adjacency of worm gear reducer model
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Tab.1 Assembly parts information of worm gear reducer model

TS TAF44 TR B kRt TS FAF AR Kot R
1 VRET 4 Q235A 18 oa Al 1 HT200
2 [ME 1 HT200 19 YRET 4 Q235A
3 VAL VR TR 2 20 A 6 Q235A
4 e 1 2 45 21 i3 11 1 HT200
5 S 1 HT150 22 PR TR 2
6 #izs 1 45 23 P 11 2 HT100
7 AL 1 Q235A 24 e A 1 HT200
8 AR 1 25 85 8 Q235A
9 S SR ET 2 0235A 26 (U853 4 Q235A
10 I2ET 4 Q235A 27 R 1 45
11 1A 6 Q235A 28 it 1 45
12 e 1 45 29 i 18 1 EEH
13 gl 1 45 30 £ 1 45
14 I il 1 45 31 BE 1 45
15 e 1 45 32 BB 6 0235A
16 e 1 45 33 %€ 1 Q235A
17 Hi gl 1 T
3.1 EEMEHINREEST PEIEE(C) s IR T 22 Rl o Ho2 75 N T Re (s, JF
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Tab.2 Decision information table for topological layer data of worm gear reducer model

TIPS D, C, B, cl, D e LoE a3 D, C, B, cl, D
1 3 0.405 1 0.000 1.000 0 18 3 0.405 1 0.000 1.000 1
2 4 0.450 7 2.583 0.833 1 19 3 0.405 1 0.000 1. 000 0
3 6 0.4923 126.512 0.333 0 20 2 0.3810 0.000 1.000 0
4 4 0.3902  18.240 0.667 0 21 3 0.405 1 1.310 0.667 1
5 11 0.507 9 139.417 0.200 1 22 2 0.4267  15.462 0.000 0
6 3 0.3516  31.000 0.333 1 23 3 0.4324  21.105 0.333 0
7 1 0.262 3 0.000 0.000 1 24 17 0.5926 266.815 0.110 1
8 2 0.347 8 0.000 1.000 1 25 2 0.3810 0.000 1.000 0
9 1 0.340 4 0.000 0.000 0 26 2 0.3810 0.000 1.000 0
10 3 0.405 1 2.500 0.667 0 27 7 0.400 0  83.571 0.095 1
11 3 0.405 1 2.500 0.667 0 28 1 0.288 3 0.000 0.000 0
12 5 0.3516  38.375 0.400 1 29 2 0.293 6 0.000 1. 000 0
13 2 0.3137 0.000 1.000 0 30 4 0.3556 9.917 0.500 1
14 7 0.4051  70.407 0.286 1 31 4 0.4384  29.421 0.500 1
15 1 0.290 9 0.000 0.000 0 32 3 0.4156  12.125 0.667 0
16 3 0.3855 4.740 1.000 1 33 1 0.376 5 0.000 0.000 0
17 2 0.293 6 0.000 1.000 0
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Tab.3  Discrete results of topological layer data

EFS Dd.p Cd.p Bd,p Cld.p D
1 3 4 1 7 0
2 4 5 1 6 1
3 6 6 4 3 0
4 4 4 1 5 0
5 8 6 4 2 1
6 3 3 2 3 1
7 1 1 1 1 1
8 2 3 1 7 1
9 1 3 1 1 0
10 3 4 1 5 0
11 3 4 1 5 0
12 5 3 2 3 1
13 2 2 1 7 0
14 7 4 3 3 1
15 1 2 1 1 0
16 3 4 1 7 1
17 2 2 1 7 0
18 3 4 1 7 1
19 3 4 1 7 0
20 2 4 1 7 0
21 3 4 1 5 1
22 2 5 1 1 0
23 3 5 1 3 0
24 9 7 5 2 1
25 2 4 1 7 0
26 2 4 1 7 0
27 7 4 3 2 1
28 1 2 1 1 0
29 2 2 1 7 0
30 4 3 1 4 1
31 4 5 2 4 1
32 3 4 1 5 0
33 1 4 1 1 0
AR d ARRBILER

X 3 R HEAT B PR 24 i, LA SR BOx I Y
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Tab. 4  Attribute reduction results and atiribute weights for

topology layer data

Ji ik wy (D) wy(C,) wg(B,) wy (CL,)
SCHk[10] 0.3333 0.333 3 0.3333 0.000 0
AL 0.486 5 0.513 5 0.000 0 0.000 0

FESCHR [ 10 ] rpr, PREHOR 25 i Jm M R R A,
WOLACE 0, HoAh#H F0 225 B PEAVE Rk A 5K
AN, A SO A HURE R B XA N2 & I R ik T 2
8, 5 L BE O (D) RO (C)
XA R A TA E T, 453 b O PR B M A R
BR,H w, =0.513 5500 B o (D) BFIALE
w, =0.486 5.
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Tab.5 Decision information table for part attribute layer data of

worm gear reducer model

Zrs G G, G Gy Cs D
1 2 1 930 3 0.020 13 415 0
2 3 30 482 4 4.500 579 772 1
3 2 43 360 0.590 337 670 0
4 3 30 489 4 0.278 103 962 0
5 7 58 512 11 24.800 3167 035 1
6 3 14 791 3 1.000 130 549 1
7 1 592 1 0.050 10 857 1
8 2 552 2 0.010 1 760 1
9 1 1 199 1 0.142 15 538 0
10 2 1279 3 0.064 4 296 0
11 2 3 695 3 0.072 32 694 0
12 5 49 243 5 71.000 9 041 394 1
13 6 7 647 2 0.073 142 213 0
14 7 121 541 7 22.600 2 881 869 1
15 6 7 647 1 0.015 35 814 0
16 3 12 639 3 0.500 59 184 1
17 3 2 355 2 0.000 464 0
18 3 36 826 4 4.100 518 131 1
19 3 1 930 4 0.020 13 415 0
20 2 1253 3 0.072 5 660 0
21 3 20 958 4 2.100 430 639 1
22 1 43 360 3 0.590 171 857 0
23 3 21 667 4 0. 154 37 170 0
24 17 99 219 17 95.200 12 161 099 1
25 2 1283 2 0.011 867 0
26 2 1514 2 0.016 2 380 0
27 8 113 404 7 25.800 3299 980 1
28 6 1 625 1 0.015 3418 0
29 3 2 355 2 0.000 464 0
30 3 48 048 4 6.400 822 186 1
31 3 49 497 4 3.400 268 212 1
32 2 1253 3 0.072 5 660 0
33 2 1 056 1 0.084 9 149 0
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Tab.6 Discrete results of part attribute layer data
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Tab.7  Attribute reduction results and attribute weights for part

attribute layer data

ik wy (C) wao(Cy) wg(Cy) wy(Cy) ws(Cs)
SCER[10] 0.2500  0.2500  0.0000 0.2500 0.2500
AL 0.3636 0.2727 0.3636 0.0000 0.0000

o248 iy, X TR E R, SCER[10 ] ok
R b ARG (C) 7 MO ARy 0. 7
At AR SR LGP 7 3 AT IRAL. A SCI)
JEPEL R 45 R Ry T T B (Cy ) 7 iR
TAR(C,) " B (C) 7 B F A E &
(Cy) 7RI FAHARR(Cs ) " W2 a7, PRI HAEE 4 0.
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JEPEAFAE A 0], HL 45 8 Pk 7 Al o 21 o i ok
IR —E A S NER, a8 R 5 A
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R ARG BRI RETE(C) g2
H RSB R (D) ME R e SR (5 R R P ek s
P&, R RSO G RARE B 43 BT 7 8, Al AR D
FAUEEYE(W, AW ) B EPERCGE , 45 R L3R 8.
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Tab.8 Decision information table for weights

TS Wi Wi D
1 0.028 4 0.015 3 0
2 0.034 3 0.0305 1
3 0.044 1 0.037 5 0
4 0.0319 0.0305 0
5 0.065 0 0.071 9 1
6 0.026 3 0.022°5 1
7 0.014 6 0.006 1 1
8 0.022 1 0.012 0 1
9 0.017 7 0.006 3 0
10 0.028 4 0.015 1 0
11 0.028 4 0.0159 0
12 0.034 4 0.045 6 1
13 0.020 7 0.026 3 0
14 0.044 7 0.081 0 1
15 0.0157 0.023 4 0
16 0.027 7 0.021 8 1
17 0.0199 0.0156 0
18 0.028 4 0.0326 1
19 0.028 4 0.021 2 0
20 0.023 4 0.015 1 0
21 0.028 4 0.027 4 1
22 0.0253 0.0259 0
23 0.029 5 0.027 6 0
24 0.092 7 0.1326 1




2 W, S MRS TR ST e R B i g - 69 -
Bxs 2t R A R RS ENE A E A JE 24 A AL
S W, W, D T, 5 AR SCHR [ 10 ] P i SO 2 AT AR, A5 SR L
25 0.023 4 0.0122 0 % 10.
26 0.023 4 0.012 3 0
27 0.044 5 0.081 4 1 F10 S5xak[10]EHENELER
28 0.015 6 0.021 4 0 Tab. 10 Comparison of attribute weights
29 0.019 9 0.015 6 0 Jrik o, w,
30 0.030 5 0.036 3 1 SCHKL10] 0.700 0.300
31 0.033 8 0.036 8 1 hox 0.500 0.500
32 0.028 9 0.015 1 0
33 0.019 2 0.009 2 0

XiE 8 rh B R AT B B AL B, SRR £

a=0.02,8=0.5. BHEfbLs R L3 9.
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Tab.9 Discrete results of weights

TS W, Wi D
1 7 2 0
2 9 4 1
3 10 4 0
4 8 4 0
5 11 6 1
6 5 3 1
7 1 1 1
8 4 1 1
9 2 1 0
10 7 2 0
11 7 2 0
12 9 5 1
13 3 3 0
14 10 7 1
15 1 3 0
16 6 3 1
17 3 2 0
18 7 4 1
19 7 3 0
20 4 2 0
21 7 3 1
22 5 3 0
23 7 3 0
24 12 8 1
25 4 1 0
26 4 1 0
27 10 7 1
28 1 3 0
29 3 2 0
30 7 4 1
31 9 4 1
32 7 2 0
33 3 1 0

H1Z% 10 af WL, AN [A) F3CHk [ 10 ] ik 3 % 54T
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11 XBEHHFERER

Tab. 11  Comparison of key functional parts ranking results

- SCHRC10] 5 ik A3 T5
ThHs  GAEEE  FMRT  SGREEE
1 V24 0.105 3 V24 0.1127
2 Vs 0.067 5 Vs 0.068 5
3 V14 0.057 4 V27 0.062 9
4 V27 0.057 2 V14 0.062 8
5 V12 0.038 2 V12 0.040 0
6 V31 0.035 3 V31 0.0353
7 V2 0.0333 V30 0.033 4
8 V30 0.032 8 V2 0.032 4
9 V18 0.029 9 V18 0.030 5
10 V21 0.028 0 V21 0.027 9
11 V16 0.025 7 V16 0.024 7
12 V6 0.0250 \ 0.024 4
13 \E 0.018 7 \ 0.017 0
14 V7 0.0118 V7 0.010 3
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Fig.4 Results comparison between this paper and Ref. [10]
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