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A modular structure modeling method for complex
integrated service mechanical products

LI Hao, QIAO Dongping
(School of Mechanical and Electric Engineering, Zhengzhou University of Light Industry, Zhengzhou Henan 450002, China)

Abstract ; The modular structure modeling process, principles and methodology of complex integrated service-oriented mechan-
ical products are studied in this paper. The modeling methods mainly includes two aspects: first of all, based on the systematic
principle (the principle which macro and micro structure combines together) and quality function deployment principle, the
modular design and micro structure modeling are realized; second, based on the "physical structure-network topology" mapping
principle, the ISP structure is abstracted as the community structure network, and then the community network characteristics
of complex ISP are analyzed to realize the macro modular structure modeling. These studies help to reveal the inter-related laws
and overall characteristics of the integrated service-oriented mechanical products, which provide the guidance for product de-

sign, quality control and value-added services in scientific level.
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Fig.1 Modular design process of ISP
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Fig. 2 Relation analysis between physical product and service product
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Fig. 3 Modular partition process model of ISP




186 wode B K ¥ % W 2013 4

ThRES — G AR SR RO B GHOR S, R — A B BT T B A2 .

3) % T “Bottom-Up” By iR S5 BRI 43 . — SE R S5 BB ANAR B MR 55 | 4 d &5 1F IR 55 45, S5 4 S O W B R
FBR LR R B BT 58 B AT TR A R B E BRI SS A . BRLL,  BAE ) B AR R BT 58 U L IR
& Wy B JOR T E BAR A 45 R, X =R — AT B BB AR L R A “Bottom-Up” J5 3% .

4) 3 TR D AR R AY i A I 5 7 AR AL R AN O vk

TE 5 SRR 55 27 i SR B R AL BT o, W BEAR BR 2 [6) | R 5 AR 2 [R] L ) 3 555 R 95 B R 2 1) L P 7R R
SERZBIFAEES TR RZAL . H140, Y35 iR 55 B8 50 R BE B /NS — BT fE & B8t B it
HRFE R AP RS ERFRAEYHE R EN CEARRIES, T, EE i E (WEERS
i 55 B BB AL BT R A, AR A T R E D REE Y A P %R () BAR B 5 IR 55 BB g ) — B A
56 J7 2 A 2 DU ) v R T R AL AR 4
3.1.3 W5 RS RS XA Bt

“BR 55 — W B — AR S5 R BRAL BT R AT JA G4 O 3 G Al S5 AR R — Rl W AR R — SE 3 AR A5 AR AR B BT
Wit AR, ARSI i, RS R AL T
A9 23R B AR 2 ol A B R P il B R
YIEBR LB R AR B AR R DI RE S5 tERE R AL N

FURA AR . R 7E B YR AL B o B W 2 IR iz
SBPMBHME BRREH R ARE g mw  apma S R >
B OATI o o T 5 MR 4 2 6] 2R AS % e
BEL R, BB RS T AR A0 A TR A ek oy wiw |
ER—-ERBMIAT R BEX BE R
M. TN R R T R R ENFREF R,
R %5 TR I BE TSR HERE T R AU P %y ~
L5 AP0, F G 2 B AT 2 T B AE 5 4 A _ .
BRI, ERREBITNRATERER &Ex ﬂﬂ%ﬁaxiﬁﬁi
et » PO TR e 2 18] A R — B B P 3 ok _/////
REEBBERH R MEEHAEE —EWKHN miw [
PRI I 4 Frm. B PI7E BAE W 2 A
FRMAEEFRR BT EHIE.
3.1.4 SR 25 RS B S L B4 BarXeEREHRE

FLEH Fig. 4 Principle of spiral and loop design

B TR UM [ B R ST R AR 55 7 A AR AL R S5 RS A el B TR A R 5 AR R AR B AR
B\ 0h AR R AN T R AR (BUBSME L) , AR R 2 (8] i R BR AL AR R A T AR, BT if AR, B84
B — 17 it B a0 0L 95 ) 0 B R R 95 R R 5 b R R, R a0 0T 4 R — R G A UL N 2 54 PP 4 RE OB R R 4%
— R R BB ; AT AR CHAME B , BARYE R P B RE IR 755K, 3 B — R B AL 00 206 58 A 4 B A AR 55 A, A
% P T R IR B RS AN E RS, BERE S E EEW.

3.2 EUBERE
3.2.1 BARIERUR S BUBLIB™ fi ) 28 A

RS B RS R R — AT B E R BB A TR R MRS R IRA S RS . BN
2% AR SR B, K B S 9 4R AR 55 B 7 i () T2 454 56 2R ) 408 e o ) 48 R R T 2K M 3 — SOASUA 1) TE 36
P L F T R i AP B AR G i ER AR VR RS RO S5 L), A 1 AR T AR A (RS5O TR BY
MR R T7 RN E—RFJ]A CF RS 46 1 EERE TRF M EF RS BT —RFHM4 GRS %
R MAEFHANEAEY.

3.2.2 ETHIXE M4 I = i (5D 4514 7 #

AR B A5 AR 55 B i B P 4 ¥R A M TY , 3 T R AR IR 5 AR 55 BRI R 48 3 AT » AR SC R A BT AR R
PO 2 B AL X S M R P . BRI B 454 X G5 W B B B AR AR 2 — » B HOR PR P 45 45 1) RO B SR AL 72
E. HREMHREODREEEMFHREMNEZERZ —, TERRIFNMESHREERE. WE S



%3 F W.H M E RS RUR S B & RS S AR T 187

Bz i 32 17 Rl LB AL X R 45 . 24 0 4% B A X 54 5 A0/ N 45 A IX 22 ) o 4k A 1, L
— AN KA FE N R A R B S X A X R R AR A . A A A X ) 4 Y AR B A X A
BRI BE SR 43 47 R BUIR 55 B 7= i () MR SRR R i A X S5 M A SR AR BE . X 43 AT B2 20 4R U 55 B 7 i o A B
ALK BER R B RS A — DA E.

4 4 iE

AT T PSS SR A BB AL AR 7 ik, 15
T A J7 R T & BRSSP AR R
RZAL. $RHET 2 AR RS BUHLAR ™ dh B A
Riciitd B RBE 50k, & B Rk
55 B b R AL B, S ST 4 AR 55 L BILAR™ A
4 45 F 2R I 25 RO L W B 5 R 95 SR R AR B
BB REG —B%, 7 B T R AR R E AR
55 RURUIR ™ ffr A 350 e 55 A2 R ) B AE B 5 A AR
BT Z B R AL . 4R HE R SR R 5
7= i B HRAL AR AR T 5 4 R 5 O R 28 SR AN S5
12 FH P 48 AR B R 0 T AL X G A s, 0
A BE LR R X 45 0 9 B 4, AR VLA
G35 BUIR 55 B 7 O R AL 5 e R
BRACRET A& A, LSS MR EE
il A0 R 55 3 AR AL . AR SCRO BT 5 PN 2 %o T ) i 55 T 9 4R A AR 55 B 7 i 5 A DAL BT L 2 T Ak X 45 4 R 4%
FG 77 i Jor B A P T A X 5 4 0 4 1 R 55 SR BT AL S DT TR — R 9 18 IR

B> W32 EAmWEARMNEL

Fig.5 Five-community networks composed of 32 nodes
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