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Abstract Modular product design has contributed to flexible product modification and development, production lead
time reduction, and increasing product diversity. Modular product design aims to develop a product architecture that
is composed of detachable modules. These modules are constructed by maximizing the similarity of components based
on physical and functional interaction analysis among components. Accordingly, a systematic procedure for clustering
the components, which is a main activity in modular product design, is proposed in this paper. The first phase in
this procedure is to build a component-to-component correlation matrix by analyzing physical and functional
interaction relations among the components. In the second phase, network flow modeling is applied to find clusters
of components, maximizing their correlations. In the last phase, a network flow model formulated with linear
programming is solved to find the clusters and to make them modular. Finally, the proposed procedure in this research
and its application are illustrated with an example of modularization for a vacuum cleaner.
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Table 2. The physical interaction matrix

component 1 2 3 N
! Phy  Phy, Pl Pl
2 PL,  PL, Pl PL,
3 PL,  PL, P Pi,,
N Ply,  PlLy, Pl Plyy

Table 3. The functional interaction matrix

component 1 2 3 N
1 FhLy  Fhy, [Flhy Fly
2 Fi,  FL, Fh, Fi,y
3 Fly  Fhy, Fly Fhy
N Fly,  Fly, Fly Flyy

Table 4. The weight matrix for physical interaction

component 1 2 3 N
P
! LU (R Wiy
2 whoowys W Wi
P
3 31 W, 33 3N
P P
N War W N3 va

Table 5. The weight matrix for functional interaction

component 1 2 3 N
1 whooowh o W Wk,
2 whooowk o W Wk,
3 - g 3
3 31 32 33 Wiy
3 3 7 2
N N1 W{f‘Z W’Vf} VVJ{:’\'
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Table 6. The correlation matrix

component 1 2 3 N
1 vy OV, OV Vin
2 WV, W, O, Wy
3 OV OV OV Wy
N CVy Vi OV CVyy

2.2 capacitated—circulation HE3 =

Capacitated-circulation WEHZ G=(V,E)E
NX N 4524 g 2o 7|Hltele] FAHT Ve
=T(vertex node)9] F3tolal, E= olT(edge
= arc)] HFolH o] YEYA TN AXIE =
AHo@ H o}A(iyi,) o AZE F =5 i, 2 Ed
o
HESA BdS o]&ste] M| HEUEEFS] HES}
TAE Z7] 98 23 22 dar2 JEYAE A4

gt

TC =

o= T

a-

]

1) i,,0,0 =1, , NO2Z FAYE 2V/)Q =Eg v
<t == 1,1, 5 44 HEYAY i k=

(source node), A= =Z(sink node)Z} 3T},
HES A ] UmR|= thy 4] upe) gk
7} ol=oll= 1 o= 32 559 e upper
bound), 3F3Klower bound), ©HT EFH]E
[(U.L,C] gke] &gk

Q1) ZF == (= 1)0 tali, oA i, 2 dd==

a4 =,

2

~

0]—3%— Kg}‘éis_].":}. O] HH[UL7d:[1717CKL]
ojw CV,E AHTHA mEY 2N izt

(2.2)

5y

Il
U
=2
2
:Oé
Q‘&v
=2
2
{
[

i jolth
3) LoA 2 AAE= (UL CA=[1,0,0V,],
=19 olaZ AAsa oM 1,2 d45E
(U,L,C1=[1,0,CV,], i=19 o}laZ A3
=

267

4) UIEHAE circulation Y EHYIZ THE7] 98]
(UL, 0l=[1,1,017,,]¢91  &¥(return) o}
(1,1,) 2 AA@ olm OV, = 2.1)0lA 9} 2

o] HUgks 7tk
Fig, 1> 94 A3k circulation IEY A TS 1
el 2olt} o] YEYA 58 RuloiE= &% 1
& ZZ(flow conservation condition)el] 2J3] 4,7} ==
JuG=i) 2 1 999 A
(i,%,) ol TS b

[e]

e}
a =

[11,CVi]

Fig. 1. The capacitated-circulation network

2.3 HxHE A3}
capacitated-circulation WEY A7} A= 3 v o]

E920 gt Felnge A5n MENT EAE 62

FoM 7 wE o] 45 A Z, OV, 7 A7t o
oL etk FYRES vet 2
24595
N N
]V[a:cEZCVUf(ibvja) (@)
i=1j=1
A eF4
~
Ef(ib,ja)=1 for all j,EVii#j 3)
i=1
~
N flipg,) =1 for all i€ Vii = j “
i=1
0 < flipj,) <1 for all (i,j)EE 3



FHASl7| 488 =2 1] A7d ATE, 2016

Avs sFolth 54 4
gl b A (3),(4)E
7zt wio g3 32 BE 2AS yehdith Aok

o] SR
¥ A8 29(Linear programming model)©]™, ¥ =
ol A= capacitated-circulation UIEYZ A4S Z7]
H"O‘H Matlab®] A3} =& AME3e] WEH AU A
PO] FHAE Hdistete HAHE 2 =
ols] ALUEEY] —TLX1o] A=t} o]

aze_%‘ol shtel wEo] Hrk

l

E=
— =

3. At EF

e[6]9] ATollA tHE 719AS] A

oA AABEAL = YEHA
489 AXVE T3 date] A& Bzt
Zﬂ% Ax71490 A714
< 4E "]Zo“ﬂ EA1817] 4
o}\i‘r Table 79 A= 35719] HEH

‘TK-N929° 24 9] F8 7]s& 17
15 H (sucking tube)}t #=(head)S A|&Je HXE

ot b

o foy

o P

[e)

y

-

AE

O:

2

|

(¢3

JEE O

\__-——E\__

o}oil

I

F_x.

H~

8. The correlation

Table 7. The components

list of ‘TK-N929°

No. | Components name No. | Components name

1 Handle 19 | Front cushion

2 Winder pedal 20 | Inlet filter

3 Power pedal 21 | Inlet filter cover

4 Indicator light 22 | Back wheel

5 Top body 23 | Base body

6 Indicator 24 | Fixed seal

7 Storage cover 25 | Front cover

8 Bumper 26 | Front wheel base

9 Exhaust filter cover 27 | Front wheel

10 | Exhaust filter 28 | Cord reel

11 | Cord gate 29 | Actuation shaft

12 | Receiver pcb 30 | Pbc shell

13 | Small pcb box 31 | Motor driver pbc

14 | Control pcb 32 | Heat sinking board

15 | Rear cushion 33 | Up housing

16 | Small sound proof sponge | 34 | Down housing

17 | Sound proof sponge 35 | Dust container

18 | Motor
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Table 9. The optimal flow and loop of ‘TK-N929°
Loop

o Optimal Flow Sum

1 f(lgl»”) f(Sgla) 18
(2,2 3,4 (4,2,

G o e — v

3 f(ﬁbg-,?“) f(?,,g,ﬁ,‘) 18
8.2 p
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Table 10. The optimal flow and loop of ‘TK-N929’

Module Component Module Component
No. No. No. No.
1 1,5 9 15, 18, 19
2 2,3, 4 10 16, 17
3 6, 7 11 20, 21
4 8,23 12 22, 26, 27
5 9, 10 13 24, 25, 35
6 11, 28, 29 14 31, 32
7 12, 14 15 33, 34
8 13, 30
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