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Abstract : Aiming at the multi-dimensional and strong coupling problem of design and manufacturing caused by

the high dimensionality of systems and large number of units of complex mechanical products,a module parti-

tion method based on spectral clustering algorithm was proposed. The hierarchical decomposition of products

was realized based on the function-flow-structure decomposition method, and fuzzy mathematics was used to

define the correlation between feature elements. On this basis, the association relation model of product parts

based on numerical design structure matrix was constructed. By introducing the spectral clustering algorithm

the component clustering problem was transformed into the optimal division problem of the graph, and the eva-

luation index of module division based on the average cohesion within the module and the average coupling

between the modules was constructed to realize the module division of the products. The resulis of the exam-

ples showed that the method could effectively reduce the complexity of the design and manufacturing of com-

plex mechanical products, and the method was scientifically effective.
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Fig.4 Comprehensive
correlation NDSM acquisition method
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Table 1 Definition of function correlation
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Table 2 Definition of flowchart correlation
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Table 3 Definition of spatial correlation
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Fig.5 Structure diagram of TBM cutter drive system
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Table 4 Main component

list of TBM cutter drive system
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Fig.6 Tree diagram of TBM
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KA BIIRE - I — 5 BUIEN FE AR,
R4 TBM J] #5388 RGETIfie - i - 452K
R £5 3 Y TBM JJ 853K 3l 22 G5 D REAH & 1
NDSM i A 5Pk NDSM | 4544 4 5 P NDSM 43
AN 5—7 Fros. b HZE R 53k 15 2] TBM
TI#EEIK B R G TIfe . TR 45 R B B 43 00 R
w; =0.1.w,=0.2.0w,=0.7,28553 57,153
TBM J] 53K 8l 5 58 25 5 AH G HE NDSM 4 5% 8
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3.3 ROIKMR
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Table 5 Function NDSM of TBM cutter drive system

Fe 1 2 3 4 5 6 7 8 9 10 11
1 1 070507 0 0 0 0 0.50.50.5
2 07 1 0507 0 0 O 0 050.50.5
3 0505 1 05 0 0O O 0 0.50.50.5
4 070705 1 0 O O O 050505
5 0 0 0 0 1 1 0705 0 0 O
6 0 0 0 0 1 1 0705 0 0 O
7 0 0O O O0 0707 1 05 0 0 O
8§ 0 0O O O 050505 1 0 0 O
9 05050505 0 0 O 0 1 0705
10 0.5 050505 0 0 0 0 0.7 1 0.7

—_
—_

0.5050505 0 0 0 0 0507 1

%6 TBM 77 3K 5) & 47 A0 % NDSM
Table 6 Flow NDSM of TBM cutter drive system

Fe 1 2 3 4 5 6 7 8 9 10 11
1 1 1 050505 0 0 0 05 0 0
2 1 1 05 1 0505 0 0 05 0 O
3 0505 1 1 1 007 0 0 05 0 O
4 0.5 1 1 1 0 0 O O 050505
5 0505 1 0 1 1 07 0 05 0 O
6 0 0507 0 1 1 0.7 0 0.5 0 O
7 0 O O O 0707 1 07 0 0 O
& 0 0 0 O O O 07 1 O 0 O
9 050505050505 0 0 1 1 1
0 0 0 0 05 0 0 0 0 1 1 1
m o 0o o0 05 0 0 0 o0 1 I 1

%7 TBM 71 # IR 5 % %4 #4855 - NDSM
Table 7 Structure NDSM of TBM cutter drive system

Fes 1 2 3 5 7 8 9 10 11
1 1 007 0 0 O o o0 0 o0 O
2 07 1 0 05 0 o o0 0 o0 0
30 0 1 07 1 05 0 0 0 0 O
4 0 0507 1 0O O O O O O O
5 0 o0 1 O0 1 0705 0 O 0 O
6 0 0 05 0 07 1 05 0 0 0 O
7 0 0 O O 0505 1 050707 0
&8 0 0 0 O O O 05 1 O O O
9 0 0 0 O O 0 07 0O 1 070.5
o o0 o o0 o o0 0 07 0 07 1 0.7
1m0 o0 o0 o o0 o 0 o0 05071
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Table 8 Complex NDSM of TBM cutter drive system

F5 1 2 3 4 5 7 8 9 10 11
1 1 0.76 0.15 0.17 0.1 0 0 0.15 0.05 0.05
2 0.76 1 0.15 0.62 0.1 0.1 0 0 0.15 0.05 0.05
3 0.15 0.15 1 0.74 0.9 0.49 0 0 0.15 0.05 0.05
4 0.17 0.62 0.74 1 0 0 0 0 0.15 0.15 0.15
5 0.1 0.1 0.9 0 1 0.79 0.56 0.05 0.1 0 0
6 0.1 0.49 0 0.79 1 0.56 0.05 0.1 0 0
7 0 0 0.56 0.56 1 0.54 0.49 0.49 0
8 0 0 0.05 0.05 0.54 1 0 0 0
9 0.15 0.15 0.15 0.15 0.1 0.1 0.49 0 1 0.76 0.6
10 0.05 0.05 0.05 0.15 0.49 0 0.76 1 0.76
11 0.05 0.05 0.05 0.15 0 0 0 0.6 0.76 1

W 9 fros. ol 3 SRR TR, TBM ] 4%
RN ARG AL [F BLF I @ =4 B —4
ONIENCIRCHBUFERTNIE 873 e e
BTN N YRR AE(E S A = [1.101,1.001,0. 963,
0.932 ], X R AYAFAL [l i 41 9 B FfFaede e
FRRFALE [ 2 AR AG R BB AR B A, RIS
| TBM J] £ 3R R G000 77 .
R e R (1,1,3,1,3,3,2,2,0,
0,0],4n5% 10 firw, RIZEALS TBM J] £ 9K 3 &
GEAT LA 4 AR my = [ ALAL, B e, /)
Wike ], m, = [JI8%, JIE 22 ek 22 ] m, =

B9 TBM 71 &K% & 4 E AL A
Fig.9 Diagram model of TBM cutter drive system
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VIR G N E, =0.075 9, B4 T HAtb 3] 50 T7
. A9 FI5E 10 W] LI Y Gl i SRR AE
Jirk) o3 R i TBM JJ SRS R ¢, Bk T HE
ZREE AT E 2 NG ALHE | iz ke B S5 I
oK.

4 4B

ARSCHRH T — P TR SRR M B )
SYOTI AR T S DIRE - I - S5 AR I
HCARXT R 4 AH 56 P NDSM, I ik 58 2R 4 vk
] 3 I R Ak Ay LRl 3l . X A5 TBM

%9 TBM 71 £33 25 iEe &
Table 9 Feature vector matrix of

TBM cutter drive system

e 1 2 3 4
1 -0.30 0.21 0.27 -0.35
2 -0.33 -0.04 -0.37 -0.07
3 -0.31 -0.03 -0.49 -0.08
4 -0.28 -0.12 -0.52 ~0.09
5 ~0.22 0.62 0.03 0.63
6 -0.33 0.39 -0.04 0.02
7 ~0.33 0.16 0.31 -0.35
8 -0.30 -0.3 0.14 0.09
9 -0.33 -0.07 0.3 -0.27
10 -0.30 -0.38 0.20 0.34
11 -0.27 -0.37 0.17 0.39
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Table10  Partition results of TBM cutter drive system
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