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ABSTRACT: The research proposes a module creation method based on AHP which analyses customers’
demands weights in the process of product design. First of all, with establishing the product conceptual
structure which correspond the personalized needs of customers and analyzing the similar characteristics of
the component in the whole life cycle, the research forms a relationship matrix including different
components; then this research analyzes the ordered clustering process of modules based on the fuzzy
clustering algorithms. Compared with other optimization algorithms, the method of fuzzy clustering module
based on AHP analysis can divide product in a more efficient and reasonable way, and it has a good
adaptability and versatility. With using jack products as an example to verify the proposed method, this
research modularizes the product in a reasonable way.
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1 GENERAL INSTRUCTIONS

Module division is the foundation and key of the
modular design. Stone invented a method of
modular creation based on heuristic methods which
depends on three judgment rules: dominant flow,
branching flow and conversion flow to divide
module (Stone et al, 2000); After Stone, F GAO
created a formal guidelines and quantized model
based on generalized directing graph and QFD, and
he divided the module using Fuzzy clustering
algorithm (Gao et al, 2007). The creation of the
module now is not only simple but also quietly
limited. It can’t describe the modular products in a
systematic and qualitative way. Thus, after
decomposing the customers’ needs and calculating
the weight of functional unit, this article divides the
module using Fuzzy clustering algorithm based on
AHP analysis of customers’ needs and verifies the
feasibility.

2 ESTABLISH PART RELATIONSHIP MATRIX

2.1 The analysis of customers’ demand
multifunction hydraulic jacks products

of

Functional planning is the bridge between the
customers’ needs and the subsequent design. The
main purpose of it is to define, describe the function,
to analyze the mapping relation of product features
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and customers’ needs (Sun, 2000, Dong & Jiang,
1991). Then it explore an abstract expression of
function generating solution to satisfy the
customers’ needs which fulfill the task of customers’
needs. Generally speaking, the customers don’t
know the product they purchase very well, nor do
they know the demands they needs (Zhu et al. 2008).
Because of the different needs of the customers, we
need to further process the demands raised by the
customers so that the computer recognizes the
information of it and at the same time transform it
into the technical rules of the product. In fact, the
customers’ demands are the same as different
product attributes (Tan et al. 2008). Through the
market, network and conservation to customers, we
find out the customers’ demands are mainly in the
following areas.

Figure 1 Hydraulic jack explosion figure



Table 1 The customers’ demands of multifunction hydraulic
jacks products

product Customers’ demand

Lifting weight

Lifting stroke

Maximum lift height

multifunction Minimum lifting height

hydraulic jacks Car Kits

products Lighting
Weight
Service
price

In order to facilitate designers to accurately
understand and apply the customers’ demands, after
obtaining the customers’ demands of the multi-
function hydraulic jacks, we decomposition it into
different unit need and establish the demand unit
model tree of the multi-function jack.

we|  Lifting weight

e lowest

service

Figure 2 Decomposition of customers’ demands of
multifunction jack product

2.2 Determine the weights based on AHP

Analytic Hierarchy Process, AHP, is a better method
of determining the weights. It divides the factors in
the complex problems into associated hierarchy,
making it become a multi-objective and multi-
criteria. It is an effective way of quantitative and
qualitative analysis.

(1) Construct hierarchy characteristic model

Figure 3 The hierarchical model schematic of jack features

The parts weight distribution properties satisfy
the following constraints:

K L H
W+ Wy + Wy = D W+ W+ wy =1
k=1 1=1 h=1

1)
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(2) Establish judgment matrix

Figure 3 makes the similar character to be
hierarchy to illustrate the different level of affiliation
between the hierarchical structure and the similar
characteristics. Therefore, on this basis you can use
a certain scale to compare the relative importance
proportion values between similar characteristics.

We assume B, B,---, B constitute the next
level B whose purpose are A level. If we want to
analyze the relative importance of B,(1,2,---n)to

A, we can construct the judgment matrix below:

Bl BZ Bn

ull u12 uln Bl (2)
J — u21 u22 u2n BZ

u u u_)B

In the equation 2, the elements in the matrix
represent the relative importance to the elements in

the upper layer. For instance, the value ofu,, is the
relative importance between B, and B, for A layer.
Usually, ujis1,2,---,9or their reciprocal.

Judgement matrixJ = [uij } nxnhas the following
properties:

(Du; >0,ij=1,2,--,n
(2)uy =1/uy,ij=12,---n
(3)u; =1i=12,-n
Thus J is positive reciprocal matrix. Therefore, it

only needs n(n—l)2 determined values to construct

judgment matrix.

(3) Hierarchy single sorting and consistency test

The consistency index of calculation of hierarchy
single sorting:

Cl = (/Imax —n) /(n —1) (3)

In the formula CI is regarded as the degree of
deviation from the consistency. When the
consistency proportion CR=CI/RI<0.1, it is
considered that the result of hierarchy single sorting
is satisfied. Otherwise, we need to adjust the
judgment matrix to make it possess acceptable
consistency. RI is the index of the average random
consistency and the relationship between the order
of matrix n(n>2) and the RI is revealed as the table2.
When the matrix order n<2, the proportion of
consistency CR is 0. For example, when n is 2, the
judgment J can be represented as:

1
ulZ (4)
It is easy to know that the max eigenvalue of J is

2, and from the equation 3 we know CI=0 and
CR=0.

U,
1



Table 2 the index distribution of average random consistency

RI

0

0
0.58
0.90
1.12
1.24
1.32
1.41
1.45

Ol |N[foja|h|lW|IN|F|Z

(4) Total sorting and consistency test
Through consistency test of hierarchy single
sorting we can deduce Cliw=Y WiCy;.

Rlge=> W, xR;,CR,,=Cl, ., /RI

total — total

(5)

If CRyta<0.1, the result of total sorting reaches
the satisfied level of consistency. Otherwise the
judgment matrix is needed to be adjusted to reach
the satisfied level of consistency.

From the view of function, auxiliary and
structure, the table below uses the weight of three
layers to carefully divide the customers’ demands of
jack.

total

Table 3 the result of calculating the customers’ demands

CRtota|:CItota|/R|t0ta|=O0015/03087501, the tOta|
consistency is acceptable.

2.3 The analysis of similar properties parts

To describe the physical strength of the interaction
of function, auxiliary and structure of different parts,
we need to describe in a quantitative way. Table 4
uses the average distribution value in [0, 1] to define
the fuzzy relationship between two random parts
considering each characteristic.

Table 4 the value definition of fuzzy relationship between
different parts

number Type of relaton The value of interaction
1 strong 1.0
2 intimate 0.8
3 medium 0.6
4 nomal 0.4
5 weak 0.2
6 nothing 0

According to the definition of the fuzzy
interaction relation of parts in table 4, we can
calculate the integrated interactive value:

| A D D A WY A D, i

weight 1 = ©6)
A Bs B, Bs Cix : .. . -
In this formula, Aw(i, j), Ax(i, J), Asn(i, j)
0.593 0.249 0.157 . N
c 0593 5352 represent the function, structure and auxiliary
! ' ' interactive value based on fuzzy relation; A(i, j)
C. 0.249 0.148 represents integrated interactive value between part
Cs 0.157 0.093 Ci and C;j after weighting averaging. Therefore we
Cs 0.666 0.166 can get the matrix S which contains every
Cs 0.333 0.083 components’ relation:
Ce 0.833 0.130
C, 0.166 0.026
Cl; 0.026 0 0 0.015
RI; 0.520 0 0 0.308
ul n2 3 ud S b 7 ud g ul0 uil ul2 ul3 ul4 uls
ul 1 0. 6006 0. 6006 0. 7507 0.0628 0. 7507 0.7193 0. 7507 0.1501 0.1516 0.1501 0.0314 0.0314 0.0314 u]
u2 0. 6006 1 0. 4504 0. 7507 0.2130 | 0.6006 | 0.6006 | 0.6006 | 0.1501 0.1816 | 0.1501 0.0314 | 0.0314 | 0.0314 0
u3 0. 6006 0. 4504 1 0. 6006 0.1501 0. 6006 0. 6006 0. 6006 0.4818 0.3003 0.0314 0.3317 0.3317 0.1501 0
ud 0. 7507 0. 7507 0. 6006 1 0.1816 0. 7507 0. 7507 0. 7507 0.1501 0.1816 0.1501 0.0314 0.0314 0.0314 u]
uS 0.0628 0.2130 0.1501 0.1516 1 0.1501 0.1501 0.1501 0.2444 0.6320 0. 7507 0.0314 0.0314 0.0314 u]
ub 0. 7507 0. 6006 0. 6006 0. 7507 0.1501 1 0. 7507 0. 7507 0.1501 0.15816 0.1501 0.0314 0.0314 0.0314 0]
T 0.7193 | 0.6006 | 0.8006 | 0.7S07 0.1501 0. 7507 1 0.7507 | 0.1501 0.1816 | 0.1501 0.0314 | 0.0314 | 0.0314 0
ub 0. 7507 0. 6006 0. 6006 0. 7507 0.1501 0. 7507 0. 7507 1 0.1501 0.1816 0.1501 0.0314 0.0314 0.0314 u]
ug 0.1501 0.1501 0. 4518 0.1501 0.2444 0.1501 0.1501 0.1501 1 0.3945 0.1257 0.7501 0. 7501 0.7501 u]
ull 0.1516 0.15816 0.3003 0.1516 0.6320 0.1516 0.1516 0.1516 0.3945 1 0.7501 0.0628 0.0628 0.1571 1]
ull 0.1501 0.1501 0.0314 0.1501 0. 7507 0.1501 0.1501 0.1501 0.1257 0.7501 1 0.0628 0.0628 0.0628 1]
ul2 0.0314 0.0314 0.3317 0.0314 | 0.0314 | 0.0314 | 0.0314 | 0.0314 | 0.7501 0.0625 | 0.0628 1 0.7501 0.7501 0
ul3 0.0314 0.0314 0.3317 0.0314 0.0314 0.0314 0.0314 0.0314 0.7501 0.0628 0.0628 0.7501 1 0.7501 u]
uld 0.0314 0.0314 0.1501 0.0314 0.0314 0.0314 0.0314 0.0314 0. 7501 0.1571 0.0628 0. 7501 0. 7501 1 0]
ulS 1] 1] 1] u] 1] 0] 1] u] 0] u] 1] u] u] u] 1

Figure 4 Similarity matrix of jack parts group
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3 MODULE DIVISION BASED ON FUZZY
CLUSTERING ALGORITHM

When we polymerize the modules, we should make
sure that the value of the interaction of function,
structure and other parts is maximum. According to
the module evaluation matrix based on the
equation6, it’s hard to directly determine the specific
configuration of the module. So we should use the
fuzzy clustering algorithm to optimize the parts (Gu,
1999).

With the correlation matrix showing in the figure
4, we can put the fuzzy similar matrix into fuzzy
equivalent matrix by seeking the transitive closure.
Then with selecting the appropriate value and letting
the value descend, we can form a dynamic clustering
map.

The calculation results in total have seven kinds
of classification values.

there are seven kinds of cuo—off wvalues for
classification

the value of )\: 1
:ul

1 u2

:ul

: ud

:ub

:uf

:uf

:uB

:ug

NO.10 group: ul0
NO.11 group: ull
NO.12 group: ul2
NO.13 group: ulj
NO.14 group: uld

NO. 15 group: ulb

the walue of )\: . 7807
NO.1 group: ul u2 ud ub uf ud
0,2 groun: uj

uf ull

ug

ul0

ul2

uld

NO.3 group:
NO.4 group:
NO.5 group:
NO.6 group:
NO. 7 group:
NO.8 group: uld

NO.9 group: ulb

the walue of )\: . 7501

NO.1 group: ul u2 ud ub u? ud

NO.2 group: ud

NO.3 group: ub ul0 ull

NO.4 group: u9 ul2 ulj uld

NO.5 group: ulb

the value of A: .6006

NO.1 group: ul u2 ud ud wé u? ud

NO.2 group: ub ul0 ull

NO. 3 group: ud ul2 uld uld

NO.4 group: ulb

the value of A : .4818

NO.1 group: ul u2 ud ud wd uf ud wd ul2 ull uld

MO 2 oronne w6 210 511

NO. 2 group: uf ul0 ull

NO.3 group: ulb

the value of A : .3945

NO.1 group: ul u2 uj ud uS ub uf ud ud uld ull ul2 ulj uld
NO. 2 group: ulb

the value of A: 0

NO.1 group: ul u2 u3 ud ub wb uf ud ud uld ull ul2 uld uld ulb

Figure 5 Classification result
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Above all, when 4 =0.6006, the result of
classification is more obvious. Here are the groups:

The first category: uj, Uz, Uz, Ug U U,
ug(hydraulic group, heart tube group, handle tube
set, piston set, switch back to the oil group, regulator
bolt group, outgassing switch group)

The second category: Us, Uio, Usa(top seat group,
rocker group, the top plate group)

The third category: ug, Uiz, Uiz, U14 (Stent group,
rear wheel, rear wheel fork welding group, bearing
plate group)

The fourth category: uis (electric group)

4 CONCLUSION

First of all, by using the method of AHP analyze, the
article decomposes the customers’ demands,
calculates the weight of each decomposition unit and
quantifies the different customers’ demands which
impact the foundation of correlation matrix; then
with using the fuzzy clustering algorithm, it make
components into module. Fuzzy clustering algorithm
does not need to build complex objective function or
ensures the initial value, nor does it have too many
constraints. So it is a simple and comprehensive way
to design the modular product.
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