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Granulating process analysis of products based on
the theory of fuzzy quotient space

ZHANG Meng, LI Guoxt, GONG Jingzhong, WU Baozhong
(College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China)
Abstract: Module identification plays an important role in modular design and mass customization. In order to further extend the quantitative
methodology for product modularization, an approach to product granulation based on the theory of fuzzy quotient space was proposed. The
traditional product modularization based on the relativity analysis was translated into the product granulation by introducing the granular computing
method, and the product granulation was analyzed by the theory of fuzzy quotient space. The product granular space was established based on the
normalized distance and the integrated fuzzy similarity relation, and the optimal granular layer was obtained using a two-stage optimization
algorithm. Then the optimal modularization scheme was achieved. A case of the telescopic shuttle mechanism of automatic storage/retrieval machine
was studied to illustrate the validity of the proposed method. This approach offers a new way of numerical analysis and evaluation for module

identifying and optimizing, and the application result shows that the proposed method is feasible and rational, which can guide the product

modularization process effectively.

Key words: fuzzy quotient space; granulation; hierarchical structure; product granular space; optimal granular layer

BB BT 7 AR R B S A G
REAS B /- AL i L A 7 LA R R A 7
TR E T, A R T A R A%
fIFA 0 A Z TR 2 56 3R o B RIS
BB AL St A R A B T 1) Sl 0 S i, G
LR AR ] 1 Zh RE S PR RE AR B 1) 3 ]
FEPEAF o 77 WAL ERIE e A T L MAAN ] 14 2 Ji
O, G T 1) 4 i R T 1 7 R
T 1) At g o o A A R i)
BT SR TR 4, 3 5 R AR R (1
POk, IR ST B R
) C MR % BB 45 R AR A

«  UrFs HHEE:2012 -03 -26
E&TH : EEHZEY5H

(A1 50 34 HA A
KT T 2 R UKL A F 1) S8 4 7
A TRV A 5 12 A5 R AL PR A S BRI |
FARANT B 2B ™ o R BT 0 P I
BRI RS AL R RE TR 45 R R4 T ) AR i, 4
SRS AL A R A U R R R o KA R
— R RS I3 , TR S P AR TR AR
PERE ARG RS o R, MORLEE S 1 £ B
A, AR TE S R o A i LA A
PERVESSG = oL AL T A, SR T AT R R e B
TORLEE T 7 W BB 5 X050 T7 i AT L
AR KRB T BE R T =

TEE A 9K (1984—) 38 B 1E 22 A, 107584, E-mail ; z. mengdr@ gmail. com
ZHEF GEEES) B, #0852, 11, 14 S0, E-mail : 1gx2020@ sina. com



- 182+ EZ VIS AN 4

534 &

EESI VRt S s b A (AN K U B o i EP N 5
147 A AR AL A R A D i TR RE T A9 7 Aok
Peid A, AT 5 R A P M 2R J8™ o
45K

BET R A (B poRL T Be e H DR TR R
FEMEILZ " BT R 7 %3 )
BB HE) F) A 5 ¢ 2 O S Ak 14 7 5 ] 2
W, U EROR RS 25 (F] BHIE o AR SCHE TR R 23
(] BB i R AL A A 3t e o A 5 A B2
Wi REAR i A 8 — 2R 8 IR 1, 2R T E — A B g s
BRI B C ZRA l 7™ itohr B 45 18] 5 36 ik 2 57 A e 4
O SEVET R AT B T 7 o B2 S (8] B 5E A
B ARLZ o AT S 7= b A5 B SR S A o A
PR A — T T (R P R T 5

1 ETHEME=Emaddiz

OBl R S T 25 A R G
AR R A AR, T LA
R AT SR R )2 G AR et 137 A DR 2 Y
FEIORE, DRI L 7 RS AR 2 R L
L 24 A 23026 I 0 R 72 R 25

K= ICAL (X, f, T) R 72 S B P H i, X
FORI T B FC ) FRE LR R, T
SR TR R, (X, f, T) A2 d
SPRLIE , 7= SR A s SR A% (XL T) B 25 i
(X1, 01,07 (LXT, L1, LT (XL f, T)
BLRERL, T LS 3o = oy 2 5B A %
B X HEATRCAL X R £ AR A R XS T
HEATRIAL ™ ARSCR IRHE R X AR G
X, JBEEH E S AE E e R BB N
%,

WERIE X E— RIS R, 4 R, = | (x,
) IRCey) =M (O<SASD) R, X ER—4
WS TR, HRIOGIK R, S50 KR
R, MREIGRIZS I X (A), FA: VAL A, e [0,
11,0, =0, R, <R, X(A,)JE X(A,) IR,
RaZs LR | X (1) 10<A <1 | HRGEE I 7 6 Ry
F— A PR B X () 10 A < 1| Hg i — A%
X (4N . RGP AT UG X I
MBI R R B0 S0 AR, R S RIG%
B ROR (R =R = Ry I, X L)
BOWIHILIE R R %R 502 45K X, (A) 10
<A< | 5B 7 BB S5 00 5 R RO I £
SRR X, (A) 10< A <1} 4R, BT VA e
[0,17,X,(A) =X,(A).

LT, 7 R AR IR T D 23 « (1) 3

PR L CX LS, T) 3 R X b RO
FRIER R CA T HB A6 R R) KA
HARFm=RE (XD, ]G [TT) 10=sa<
L A8 X 0493 2 356 B 45 4, B 7= & kL B 25 (1]
([XTo, 1o, [T]o) SEERANMIRLEE , B AZME R
—ANRL (LXT L L], LT SR A R R, BT A
TN L BEARAE R — L, VA e (0,1) ,#6
[X], < <[X], <o <[ X]oo (217 5E 1Y B
[, BN SR AL TR B AR R AL max (J (X)), B
SESY BB W S5 R R 2 ([X T, L],
[T, ), By Sioks BE2s (8] b e fE = Sk )2 . &
TR R 2 (B A 7= ok At B U 1 R .

i)

T 1 RIS R = B K
X5 T)

RIRHERER

A iH OO
SRS R R 105
MBI RAEHE R, ),

v

SRR, B Sk
2| (D, [, [7])}

REWRER? N

Y

BN SO I A e 4L
max(J(h), 0<A<1

v

AL SRR, VR LR b
WAHR D, [, [11)

L AR e 2 ) 97 Aok Al e

Fig.1 Product granulation based on the fuzzy quotient space
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Fig.2 The structure of product granular space
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Fig.4 Exploded view of the telescopic shuttle mechanism
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Tab.1 The granular space of the telescopic shuttle mechanism
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Tab.2 The valid granular layers of the shuttle mechanism
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Tab.3 The optimal granular layer of the shuttle mechanism
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