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Abstract gg
For the increasingly serious global environmental p I ﬁnd r I reness of
environmental protection, a method for green desi vironmental
requirements is put forward. This paper lis asic co based on the

environmental requirements. On the grounds of *@M r \?e existing products’
conformity degree model is built on base of_the “fzzy sete’ia The fuzzy-analytic

hierarchy process (F-AHP) and fuzzy set the e used t @termme the importance of
the product's environmental requwements paper we'gdiculate the determination of
the existing product with the each e ent @rement and the comprehensive
conformity of the product. Then we ose t a\ roducts to modify the design and
achieve the purpose of green d:5| naIIy we he final green design method based

on environmental requirements.\In the analysis of the conformity degree of

the various environmental reqiireme t ethod combines with the fuzzy analytic
hierarchy process and et meth ectlvely choose the best product that highly
meets environment.r&énts tq, optimize and shorten the design cycle. Taking the
design of the CN ine tool as«ah example, we can get the validation that the method

is an effective m@ f produtf gheen design.

KeyWOFQStome %Airement, Green Design, Environmental Requirement,
Conformity

1 Introduct|é \

With theprogress of society and science technology, the deterioration of the global
nd the continuous improvement of people environmental protection
ss, the modern production are no longer just limited to meet the customer

u ents, gradually to meet the product environmental requirements, and become an
%rtant part of the production. In order to ensure the quality of human living
environment and economic sustainable development, the modern industrial production is
paying more and more attention to the "green" index of the products. To develop and
design the products that meet the customer requirements and environmental requirements
will become an advantage in the fierce competition in the market.

Scholars in and abroad did lots of research on the method of green design. For example,
Masui Keijiro, Aizawa Seiichi [1] etc. put forward an improved product green design
method called QFDE(Quality function deployment for environment), on the basis of
QFDI[2], adding the considerations of environmental requirements, and it is mainly used
in the initial design stage in the life cycle of products; Kumar Deepak, Simpson Timothy
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W. [3] etc. proposed the design of product family oriented to the market, and this method
can be better to meet the diversified demands of the market; Regazzoni D. [4] etc.
provided a series of structured criterion of green design on the basis of the TRIZ theory, to
help green designers according to the environment of design parameters to improve
product design, manufacturing process, service and so on; Gernani M. [5] etc. presented a
oriented green design of case-based reasoning (CBR) method, integrating the design
criteria and process to enable designers to understand rapidly and effectively, thus
speeding up the process of product green design. Recently years, domestic scholars also
did some research on it. Z.F. Liu [6] etc. presented the method of green design under mass
customization mode, and gave the process and key technology under mass customization
mode. Although the methods talked above have done some research on customer
requirements and the method of product green design, they were lack of analysis based on
the comprehensive consideration of environmental requirements, and couldn’t realize the
process of green design method that meets environmental requirements, so the reseagh}no
green design based on environmental requirements is very necessary. ?
m

So in this paper, a new product green design method based on ental

requirements is put forward. Based on the knowledge reuse, the paper builds xisting
products’ conformity model with the fuzzy-analytic hiera ﬂ%rj@cess and fuzzy
set theory, and then calculates the determination of the exi roduct ith the each
environmental requirement, finally calculates the cgmgprehensive, con ity degree of the

product. Thus, we can choose the best products .@. ify the\A nd at last give the
final green design method based on environmeptal réquirements.%And in order to prove it
is reasonable and practicable, an example of th@ocess of loping a CNC is provided.
On the validation, it shows that the method@ sonable anthfeasible.

2. Determination of Product Q@onmﬁ&@equirements

2.1. Environmental Reqm ts Summ @
Environmental requir t[7]is mely important part in the analysis of green
design demand, and it summ riz follows

(1) Energy: in \ r ducmf gy consumption, using the clean, renewable energy;,

(2)Reso cfuding
pollution al ratio ¢
non-toxic harmless as farpas possible, at the same time the material should meet the

condition of easily d g dable, recyclable, reusable and so on.

(3)EnvironmertalNeTfect: including strictly controlling the emissions of waste in the
process of production and use, and the structure of product should permits easy
disassem rushing, burning or landfill disposal, and the impact on the environment as
little as le.
ronmental requirements mentioned above is common, but not for a specific
Therefore, designers in the process of design should do something to make some
sary modification and improvements for the products in demand according to the
specific circumstances of the products, in accordance with the principle of low toxicity,
low pollution, recycle, and to get the green design method that has significant effect on
environmental demands so as to meet the requirements of the subsequent design. The
hierarchy structure of the design is as shown below:

g the use of the material of serious environmental
gf precious and rare materials, and using green material with

90 Copyright © 2016 SERSC


http://www.engineeringvillage.com/search/submit.url?CID=quickSearchCitationFormat&searchtype=Quick&searchWord1=%7bSimpson%2C+Timothy+W.%7d&section1=AU&database=1&yearselect=yearrange&sort=yr

International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

Emissions to soil

Emissions to water

- Emissions to air
ER, \ ]
/ \\" / ’,{ Poisonous and toxic waste ‘
. -
-
- " ’//
)".' T B Energy utilization rate
/ ‘-,u‘ o
Product // )Y/ Energy —
environment f—w7 . T
— ER» — 3 Ty i
requirements 2 ."l -‘Y( ! Energy consumption ‘
/ \'\" /{ Disassembility and J
//,f recyelability
-
‘\' /// . . N 0
ER /,/ _ The Limit of toxic and
el — A harmful substances
Resource ‘é:_____
'- Material Lomuu'm

\:i Rﬁmurceg %1

Figure 1. The Hierarchy Structure of, oduc\/ Design
2.2. Calculation of the Important Degree oduct mental Requirements
The important degree of product e

|rements [8] reflects customer
attention to some product environ ema For example, some products,
Y

customers pay attention to its re ility, an roducts the customer is to pay
attention to its energy consumb‘t Analysis and research on the important degree of
product environmental requi ts is an @ant part in the analysis of product green
design, and has great ificance uct green design, product design needs

optimization and the d planning
ucts and%en the same products under the different conditions

grent n e environmental demands, or say to the different
ments so that their important degree will be different.
eS|gn, we should pay attention to the order in accordance
ntal demands and then to treat it accordingly. We should give
ental needs that must be met and be of great importance.

that are e%' entifying method and customers determining method.
The commonly used method in experts identifying method is Delphi method,
nam expert evaluation method; the other method commonly used is the customer
he methods talked above about the calculation of the important degree have poor
retatlon consistency as well as the defects of low efficiency [9][10].

hIS paper adopts fuzzy-analytic hierarchy process (F-AHP) to determine the important
degree of product environmental requirements. The specific steps for the determination of

product environmental demands importance with F-AHP method are as follows:
(1) The product environmental requirements are expressed

asER={ER,,ER,,...,ER_}, according to table 1 of 0.1~0.9 scale to establish the

product environmental demand priority relation matrix G = (g and the matrix G

ij )mxm ’

is fuzzy complementary judgment matrix.
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Table 1. Meaning of the Comparison between Two Elements in the 0.1~0.9

Scale

Scale Definition Explanation

0.5 Equally The comparison of two elements, the same
important important.

0.6 A slightly more An element is slightly more important than the other
important one.

0.7 Obviously An element is significantly important than the other
important one.

0.8 More important  An element is more important than the other one.

0.9 Extremely An element is extremely more important than the
important other one.

0.1,0.2 The reverse If the elementi compared with the element j getsto

0.3,0.4  comparison the g, , then the comparison of judgment b

elementiand element j is 1-g; . @

(2)Convert the priority relation matrixG = (g;) . \@\ﬂzy cw\t judgment
matrixV = (V;; ). » and among them: OQ

Vi -V, 0 M
V. = L
] n Q - 6
According to the row to sum, we can g@ \
v —Zg.,, =12,3,. \9 g\\g @)
(3)Accord|ng to the fng sisten gment matrix V. among the product
environmental needs, we calcula |mportance of product environmental
demands & ={5,, 5, ,... @Matnx shown in Table 2:

Table 2. Fuzz@mtens@went MatrixV among Product Environmental

Demands

\J ER, b“-‘ER ER, ER L

m
ER1 & Vi Vis ... Vim 1,
Vo, Vas o Vom Iz
'b Vs, Vis o Vam Is
@Qm le Vm2 Vm3 " me Im
n Table 2:

I :Zvij -0.5,i=12,..,m (3)
5= =m(2r:iF p=12.m (4)
2\
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In the formulate: , m—the order of matrix

U m(m-1)
I

Therefore, the obtained importance of product environmental requirements is
expressed aso ={9,,0,,...,0,.}.

In view of the above algorithm, we can use CR (consistency ratio) to check its
consistency, and to ensure the reliability of the algorithm. Based on the quality function
deployment [11] experience rule: if CR<0.1, then we can think the consistency
judgment is acceptable; if CR > 0.1, then we need to make the appropriate adjustments to
correct the consistency until it can meet the requirements.

3. Green Design Based On Environmental Requirements

In this paper, during the production of products to meet customer demand at th
time, and a product green design method for environment demands is put forwa i
collecting environment requirements, classifying them and an |n|t|
requirements classification will be built. Secondly, on the ounds of E e reuse,

the existing products’ conformity degree model is built ¢ of t set theory.
Thirdly, computing the conformity of each product envj ent requirements by F-AHP
and fuzzy set theory, then we can get the envir comp Sit formlty of each
product. @

(

K e <
e’ Building existin\; products
082 y model

) ‘7 Calcul & tm selected product composite
Saving the neQJ conformity

4

ol

e composite conformity of the
exnstlng product Ime wnth the each

Filtering the products meet the environment
requirements

improving

v
% New product design project

2 The Flow Chart of Green Design Method for Environment Demands

ally, choosing the best product based on the environment requirements conformity,
and then the green design based on environment requirements is finished. Figure 2 is the
flow chart of green design method for environment demands; Figure 3 is the flow chart of
computing composite conformity.
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Product case base

\ 4

Environment Computing the conformity of Competmg e
. > o conformity of each
requirements each customization demands product

\ 4
Computing
composite conformity

Figure 3. The Flow Chart of Computing Composite Conformity

\/
3.1. Building the Product Case Base

Building the product case base [12] is the first step to Kﬂ%ﬂpld g@@gn and to

express case precisely is the key pomt
S, ={C,.C, (\
C,={ER,,ER,,ER, ER ER ER, (6)
S, is the case base, C, is the n case in &t base. example verification part,

this paper takes the design process of CN\ Xam ER2 » ..., ERy represents
6 items of environment demands an@s ac ccordlng to the existing 6 kinds

of environment demands to testEfy® hod is bIe and effective.

3.2. Building the Existing P cts Co ity Model Based On Fuzzy Sets Theory

According to the kno e reuse n select the existing appropriate product from
product database to.c C the co ty degree of customer and environmental needs.
aria

is a I|ngU| forrmty This paper sets linguistic variable
as H eet, notN\fully meet, meet, all most meet, fully meet} to

represent t gisting p s conformity to the environmental requirements. And we
f triangle membership function to express. X,, X,, X;,

select the dIStrIbutIO?b
X, X correm each linguistic variable respectively and they stand for those true

values, and the can take the domain U as a closed interval [0,1], ueU . In order to
calculate iently, we can use three triple (n,cr, 5),; to represent a fuzzy number.

Defi: Triangular fuzzy number can be used a three triple F(n, &, ) to express,

,‘o at n stands for the fuzzy number median, e, £ respectively represent the left
ght span of fuzzy number, and its membership function is expressed as:

1(x—n)+1

f(x)=1% (7)

%(n—X)-Fl

Membership function curve is shown in Figure 4:
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f(x)
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Figure 4. Membership Function Curve
Therefore, the fuzzy number of product conformity deg gan be d Wlth a
three triple X, = (n, @, f) 5 , and its curve is shown in F Amon ,
X, , X,

be ressed
X,=(0,0,0.25), ., (0 25,0. 25 0. 25)0 WO 25,0.25),,

X, = (0.75,0.25,0.25)LR, =(10. 25 0) Q\en W&®Et the conformity of each

product, setting as X ;.
B
N

H(x)

all Jlly

\ / I mpst meet
ect ¢ IS meet

—

\ l 0 0.25 0.50 0.75 1.00

E @ure 5. Fuzzy Number Curve of True Value to Product Conformity
3.3. Calculation of Product Composite Conformity
Assuming that Q, corresponds to environmental requirement composite conformity

of the number i product. And X;

stands for the number j environmental requirement

conformity of the numberi product. And Q, is expressed as:
Q=>6,xX;,i=12..Zj=12..,m (8)
j=1

Environmental requirement conformity of each product is shown in the Table 3:
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Table 3. Product Environmental Requirement Conformity

conformity

Environmental  importance  Product1l  Product 2 Product Z
demands factor

ER1 51 Xll X21 XZl

ERZ 52 X12 X22 XZZ

EI:am §m le XZm XZm
Product environmental m
requirements composite 25 X Xy 25 Koy D8 x Xy

j=1

conformity Q,

V’
Because Q, is a fuzzy number, so the calculated number will also be a f %ber,

m

and its three triple form isQ =(n, ;,/3). So n, :%xonij,

m
B :Zéjxﬂij , and in the formulate, n; stthe\@(j environmental
j=1

requirement conformity of the num i progiu o; stands for the
number j environmental requirement c y of th \berl product, ﬂij stands for
the number j environmental require for Q@ number i product.

According to the calculated re e can s product among that to modify the
design. And we should Judg e th ct con ity based on environmental requirement,
then to select the best pro to im design and so as to quickly reach the
purpose of green de5|gn \'

4. Example Ves(@on

Taking t of a CN chine tool as an example, this paper is to verify the
green de on the environmental requirements. The product
environmen equwe obtained from the market survey, through the standard

up to 6 items as low energy consumption, high efficiency, low
ss wear and tear, complying with the relevant environmental

noise, and recoy,

protection law; they respectively correspond to the environmental needs ER ,
ER,, - - The fuzzy consistent judgment matrixV is established in this kind of
CNC r@ine tool’s product environmental requirements with the fuzzy analytic

processing, can be s

5 process. That’s the Table 4.
able 4. Fuzzy Consistent Judgment MatrixV of Product Environmental
Requirements of CNC Machine Tools

ER, ER, ER, ER, ER, ER, L
ER, 0.48 053 0.65 0.52 060 057 285
ER, 0.50 0.47 0.65 0.52 058 059 281
ER, 0.39 0.41 0.49 0.40 046 042 207
ER, 0.45 044 058 0.51 054 050 252
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ER, 0.38 0.42 0.51 0.48 0.52 042 223
ER, 0.44 0.46 0.59 0.50 0.55 051 255

According to the Eqg. 4, we can calculate the importance of product to each
environment, and the result is® ={0.190,0.187,0.138,0.168,0.149,0.170}. Then we

will verify the consistency of the judgment matrix, and get the consistency ratioCR < 0.1,
so we can consider the algorithm’s consistency is acceptable, and reliability can be
satisfied.

Then, according to the Eq. 8, calculating the product environmental requirements
composite conformity, we can get the result that
isQ ={0.554,0.547,0.426,0.499,0.451,0.504}.

After stepwise screening and comparison, we can find that the product composite

conformity of the environmental demand ER, is highest. According to experience, t s
fuzzy number median m is larger, the composite conformity is higher; w zzy
number median m is equal or similar, and we can compare the left span an@ pan of
the fuzzy number. The deviation between the left span and right span is e higher
ity, we the highest
conformity product, and then to modify the desig 2 sign the green
products that meet the environmental requirement @
green design method based on the environmental regeifements is ible.

indicates that the
Finally, sift the best project from case bageNthen dev the project, get the final
project and save it into case base. N \

5. Conclusion &6\ s‘\\>®

According to the growing i @nce of ironmental requirements, this paper
puts forward a green design od based” ironmental demands. On the grounds of
knowledge reuse, the paper uses fuzz i

hierarchy process and fuzzy set theory to
determine the importan f the p t environmental requirements, and then to
calculate the deter

ion of the existing product with the each environmental
requirement, and omposite conformity of the product. Thus, we can
choose the best and make it meet the environmental demands, like this

t to impr

we can qu iev th@lrpose of product green design. The method is verified by
the design C maci@ ols.
e shortcomings, in this paper, the problems such as collecting

haven’t been t bout. These problems are also very important to green design and
should b(@ tudied.
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