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Abstract 6 @

In order to guarantee the preciseness and su' ature( of puterized Numerical
Control (CNC) machine tools appearance design, ag aran ign evaluation has to be
made on CNC machine tools so as to chang rando nd uncertainty existed in
traditional appearance design, and to esta saenf thod for CNC machine tools
appearance design that meets the aest eds. The evaluation index of
hierarchical structure has been set \%lts as stylization, form-orientation,
colorization and agreeableness me% e appearance design, adopting both
gualitative and quantitative m s welght r each evaluation index has been determined
in accordance with Analytic Hierarchy Pr ; and a two-level fuzzy synthetic evaluation
model for CNC mach E Is app de5|gn evaluation has been made and a

comprehensive evaludt s been ucted through fuzzy mathematical method. By
analyzing the appears deS|g 2MKM95 series CNC precision vertical universal
machine tools determiwed by in No.2 Machine Tool Corporation, this paper illustrates
the precisenes S |ent|f|c of fuzzy synthetic evaluation model.

Keywords: CNC ma@ool Appearance design; Fuzzy evaluation; Analytic Hierarchy
Process '&
1. Introdugtion

In IQSOS&can people manufactured the first CNC machine tool of the world, and for
the first ook the development of CNC machine tool into a digitalized height, after which

ye&

all s follow it and the CNC machine tool industry developed prosperously for nearly

until now. Concerning of the appearance of CNC machine tool, people in the past
C0n51dered CNC machine tool as a pure “tool” and a kind of heavy machining equipment
which could be expressed as four words: “stupid, big, dull and thick”. Along with the
increasing development and integration of science technology and artistic aesthetics, CNC
machine tool's appearance design began to focus more on aesthetics, art and man-machine
relationship, which added more conciseness, easiness, gorgeousness, colors and humanity into
the appearance design of large machines [1-3]. However, designers’ intention, preference and
needs in designing the appearance of CNC machine tools belong to people’s subjective
feeling, which is hard to grasp and evaluate precisely. Therefore, if a set of intellectualized
CNC machine tool's appearance design method can be used in the beginning of designing
CNC machine tool's appearance to help designers understand accurately the intention,
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preference and needs of consumers and to successfully translate it into practical CNC
machine tool's appearance, designers will be helped reduce the subjective mistakes, improve
the success rate of design, lessen the design time, and shorten the development period, which
can bring practical significance to the practical application of CNC machine tool's appearance
design.

At present, a common method is to use the automatic generation system of intelligence
algorithm, which can help designers design CNC machine tool's appearance projects quickly.
For instance, the CNC machine tool's appearance design process can be realized by applying
neutral networks, Grey Theory, Taboo Search and Fuzzy logic theory and by comparing CAD
system and virtual reality technology. However, most of the above researches lie ir(the stage
of basic theoretical research and prototype system trial-development, and seldﬁw into

[
t

the uncertain problems caused by human factors of designers. And users’ n value
for CNC machine tool's appearance is just an approximate value obtained (fr eir feeling
to CNC machine tool's appearance, rather than exact value, rs'also dea about the
specific matching method for the project generated fro ove res . What’s more,
because of the different knowledge and experience po %o‘ by ifgepﬂmdividuals, various
cognitions for appearance may come into being. efore, pletely depending on the
existing CNC machine tool's appearance intelligent designi ethod cannot solve the
problem of uncertainty caused by human fa(ﬁdesigne in designing the CNC machine
tool's appearance, and it’s difficult to prod sign proj that meet users’ real intention,
preference and needs. In consideratio % is, inL0 to guarantee the preciseness and
scientific nature of CNC machine toz%p eara e%:%] appearance design evaluation has
to be made on CNC machine tgols,s to change,tle randomness and uncertainty existed in
traditional appearance design, affeRto establi%l cientific method for CNC machine tools

appearance design that meets the mo esthetic needs. The evaluation index of
hierarchical structure has et up fxgw ur aspects as stylization, modeling, colorization

and agreeableness t t% influence the appearance design, adopting both qualitative and
guantitative metho 1; @@)r each evaluation index has been determined in
G:ﬁ(;m y

accordance wi ic Hier rocess ; and a two-level fuzzy synthetic evaluation
model for C achipe Is appearance design evaluation has been made and a
comprehensive evaluatio een conducted through fuzzy mathematical method so as to
objectively reflect the eness of CNC machine tool's appearance design, to reduce the
false appearance cogibifting form, to shorten the designing time, and to improve the design
success rate, thu viding effective assistance and support for CNC machine tool's

appearance oﬁ@gjng work.

2. a@ on Influencing Factors of CNC Machine Tool's Appearance
o

The aesthetics of machine molding, the combination of technology and art, must be
attached importance in modern mechanical product design. It not only improves the
appearance of machines, but also brings spiritual pleasure of aesthetics to people. More
important, it meets users’ needs for humanization design.

2.1. Style

Style is an integral property of appearance design. People’s creation style, reflected by a
series of modeling elements through different constructive methods, incorporates human’s
opinion on objects and their perception for beauty. In the process of designing appearance,
designers would usually stimulate their creativity by reasoning from the previous styles and
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features. Product design process is an action covering technicality and culture. And from the
cultural dimension, the product form expresses the significance and connotation of product, as
well as the concept of designers. Therefore, understanding the style and grasping its
expression methods will be important subjects in designing product appearance [6]. Human’s
cognition for style is a complex logical reasoning process that contains multiple factors,
hence, characteristic elements in style design must be designed in accordance with features of
this process and human’s experience and knowledge accumulated in the process, thereby
bridging the gap between reality and imagination, and effectively delivering the information
of style. In judging a style, users observe the appearance feature firstly, feel it, compare and
conclude through memory system, then generate the personal rule of judging a<tyle, @nd
finally make judgments for the style. Meanwhile, users would make continual a&ftd)ns to
the judgments, in which some features appear repeatedly and draw pe lé%elective
attention” [7]. When users have enough stimulation to make correction to(th gment, the
final stylistic cognition would be developed. Judge and iVe pr information

processing mechanism, which involves several huma s such emory system,
cultural background, experience, faculty of understandi d so on.

N

2.2. Color
Color’s function on human mentalitys g&);ysioloé %Very obvious, and especially

ignorable in the design [8-9]. And color ole maghing tools, operating station, signals
and workplaces have big effect on hu %nent%s%ﬁphysiology. Color, as an important

factor of beauty, is the basic re il@a t of cr eauty and artistic fascination, and an
important channel of expressi beauty of appearance. The previous CNC machine tool
used to be gray tune, grave_and dark, ev me were not painted, making people feel
obsolete and lifeless. Whi e mod ifé” requires the CNC machine tool color to be
beautiful, decent, ha x , and mgﬁa te, and to comply with product’s own function,
operating environment, aid people’s, aesthetic requirement. The color and tone of CNC
machine tool's appearance dew nly follow three developing routines that are bright-
orientation, co atch harmonizdtion, and color function diversification, of which bright-
orientation refets” to th %rall feeling of people for product’s color, color match
harmonization reflects es that should be followed in specific color matching, and color
function diversifit& fers to the scientific application of color in higher level. The

integrated applicati these three developing routines can complete well the whole color
design proce%

2.3. For

%@minly shown through the model of product constituted by shape, surface and lines
with ferent characteristics which form the morphological styles or morphological
characteristics on the whole [10-12]. The existing CNC machine tools often have huge body,
dull lines, unbalanced design, messy details, unnatural transition, as well as monotonous lines
and surfaces, which results in lacking of vitality. Therefore, in designing appearance, on the
basis of meeting its basic functions, the aesthetic principle of modeling exclusively for
informational manufacturing equipments shall be taken into consideration, and the
coordination between unity and variation, proportion and dimension, stabilization and
lightness, pace and rhythm, as well as contrast and conciliation shall be handled well. By
weighing deliberately the component elements of shape, surface and lines in design,
morphological characteristics with visual comfort and unified features should be combined
together; and on this basis, a harmonious relation reflecting the characteristic and requirement
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of information age should be created through conciseness, texture, unity and associated
perception. For instance, segmentation, as an important tool in modern design, can break the
stiffness of design and make product seem subtle and vivid [13-14]. Especially for products
with large volume like CNC machine tool, scientific segmentation can save materials and
simplify process on one hand, and eliminate the feeling of bulkiness gaining the aim of
pleasant appearance on the other hand.

2.4. Analysis on agreeableness

Agreeableness in CNC machine tool products design have seven aspects to beNfochsed
increasing transparency, reducing human involvement, market evolution, cu focus,
design essentials, man-machine orientation and semantization. These ths are
proposed from human’s physiological and psychological 1c%ajacterl h can meet

Products are used by people, so the product appearance must be comfortable an @ble

operator’s basic needs in the progress of usage. Increasi sparenc ires to increase
the transparency degree of machine tool's appeara ua he basis of not
influencing the safety and stabilization of machlne esigngorocess, in order to facilitate
people’s observation for machine internal proce proc&w the status inspection;
reducing human involvement belongs to th Ilectua evelopment statement of
machines; market evolution is an inherent d ing rLﬂ Il products driven by market,
and all products have to experience the ¢ on pro m commodity, product, service,

experience to qualitative change; cust ocus; eople consider the performance of
o) Wh oving the performance in appearance

machine tool as their key target of f

design, the reliability should e con51de the product’s taste of reliability should
be delivered to people via admlrab and o'e appearance design; design essentials reflect
different degrees of optimi nin a ce design, and the optimal design should be
conducted in the appear esign of machine tool taking every design essentials into

consideration; ma ion is an evolving stage towards gradually meeting
human’s deslg dies specifically design of meeting the functions, of
meeting hum of co dirtation between man, machine and environment, adapting
machines to d nt usi ironments and operators; semantization: through the analysis
on existing machine to %ucts, we can find that the product appearance just envelopes the
inner construction nnot deliver the characteristics of usage and product concept,
basically lying in -semantic stage [15-16].therefore, the characteristics of each product
parts should xpressed by applying methods like model change and color design to
highlight th %of product and to facilitate the usage.

@ ng Analysis on Fuzzy Synthetic Evaluation Form in Appearance
i

This paper aims at building a product appearance integrated fuzzy evaluation model, an
integrated evaluation system based on the knowledge of fuzzy mathematics, combining the
theories of analytic hierarchy process and expert evaluation method, in order to conduct
systematic evaluation accurately on CNC machine tool products. Compared with previous
product evaluation methods, integrated fuzzy evaluation method, based on rigorous
mathematic knowledge, has good foundation of theory, so it possesses rationality and
scientificity and can conduct quantitative analysis more accurately and objectively on
qualitative problems such as product appearance aesthetic quality.
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Figure 1. The process of Integrated fuzzy ev, \n th o solve the
proble

Figure 1. It decomposes and defines the em firs stablishes the corresponding
hierarchical structure, and constructs thE ent rixycompared between two of each

The process of integrated fuzzy evaluation od useg &\ﬁ problems is shown in

level by applying 9-level scale method hen hted value of each evaluation index
will be calculated through mat he a thod, it% ich the membership matrix for each
evaluation index under each r Il be obtaifed using expert investigation and scoring
method. Weighing value of mdex d me |p matrix is a significant link in subsequent
evaluation models, whose a racy m tly exert significant impact on the evaluation

result. According to th
evaluation index of

evaluation and so
and the evalu‘
degree.

In integrated fuzzy e @ion method, choosing each index and the determining weight are
based on scientific g%ds. The evaluation process conforms to the general principle of
product evaluatior@?m, and has overcome the drawback that it’s difficult to quantize such
fuzzy situatign gs appearance evaluation. Under the guidance of accurate mathematic formula

ve obtai eighing value and degree of membership, the
t levels Will be conducted level 1 fuzzy evaluation, level 2 fuzzy
e lev uzzy evaluation depends on the level of evaluation index,
résult can besebtained according to the rule of maximum membership

and number. integrated fuzzy evaluation method pull the evaluation result and actuality
closer an6 le to evaluate product appearance intuitively.

4. lishing Evaluation Fuzzy Model System for CNC Machine Tool’s
Appearance and Instance Analysis

4.1. Design of CNC machine tool’s appearance design project

The final CNC machine tool appearance project can be designed through determining the
style statement, and analyzing form, color and agreeableness. This paper listed three
alternative schemes in total, as shown in Figures 2, 3 and 4. These three projects all chose the
current fashionable closed mask structure and linear slide rail moving door, with brief and
decent color, and smooth body, which reflected the feature of times and science of CNC
machine tool. The following is designer’s brief analysis on appearance of three projects:
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Project 1 has good appearance segmentation, decorated with colored tape of nameplate
which adds the jumpy and vivid nature on the whole feeling; tilting sliding door and window
facilitate operating and observing; the lower part of the machine tool’s front surface applies
indent structure, which effectively prevents operators’ kicking and touching for machine, thus
reflecting the machine’s concern on people. After all, this project has full and beautiful shape.
Project 2 shows the features of rationality and direct, delivering CNC machine tool’s
connotation of precision and rigor. The door and window opened at two sides facilitates
people’s observation and operation, and the design of handle, which is able to remind the
usage method of door parts and improves the comfort in using, is different from traditional
design. This project is concise and decent, and has the sense of rationality. PI‘Oje 3 adepts
stepped composition,with tall and straight body. More forms improve the tr y of
product and reasonable constructure make people feel safe and reliable. i@’

Mincssiggy

-
=

N2 zez-nmaman

o 5[

Figure 2. CNC appearan

CI&@‘
project

%gure 3. CNC appearance design
project 2

& Figure 4. CNC appearance design project 3

arance evaluation on these three CNC machine tools adopts the established
inte fuzzy evaluation model of product appearance. Same evaluation target set and
evaluation scale set should be applied in different projects’ evaluation, otherwise the
evaluation result will be incomparable. Due to limited space, here we take Project 2 as
example which is illustrated and described in detail. As with the other projects’ evaluation,
only the final evaluation results are listed; and for the specific process of evaluation, please
refer to that of Project 2 which is illustrated as follows.

4.2. The evaluation index of CNC machine tool’s appearance design

CNC machine tool indexes are mainly determined in the form of social questionnaires,
combined with the suggestion of experts and enterprises. The determined evaluation index
hierarchical level model can be seen in Figure 5. In questionnaires, large quantity of indexes
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related to the machine tool’s appearance are listed, which can be scored with three grades as -
1, 0, and O by users according to their focus of attention. Eventually, indexes whose
arithmetic mean values exceed O will be summarized as the evaluation indexes of CNC
machine tool’s appearance. And after communicating with experts and enterprises, the final
evaluation indexes will be determined.

To facilitate comparison, remark set for product’s appearance quality are divided into four
ranges of poor, ordinary, good and excellent. The corresponding mathematical expression is:

E={e.e, e, e} ={-1012}. After experts give the judgment according to the evaluation

indexes’ grade of excellence, the membership degree of indexes to evaluation scale will be
obtained from the mathematical statistics.

StyleBl —

‘m@

“Matetial technics

CNC
grinder’s
appearance
evaluation A

N

Bright tune C6

| Color match C7

; Color function C8|
‘ "Man-machine C9

Semantization C10

Figure 5. )‘%y chawe aluation index system for CNC machine tool

4.3. Determination of |ne|ght through AHP

By establishing |
the importance of’

comparativeo'{girn

E@l. Comparison of CNC machine tool's level-one index Layer
P

ne index layer’s judgment matrix compared between two based on
ation relative to target A, and by asking for experts’ opinions, the
results for each indexes are shown in Table 1.

AN Style Form Color Agreeableness
Style 1 5 7 3
Form\/ 1/5 1 3 1/3
Color 17 1/3 1 1/5
Agreeableness 1/3 3 5 1

The above comparative result is expressed in matrix:

1 5 7 3
15 1 3 1/3
Tl17 13 1 15
13 3 5 1
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The weight of each level-one index relative to Target A will be calculated with summation
method:

Column vector Summation
B normalization by row normalization
 — e —_—
0.597 0.537 0.438 0.662 2.234 0.558
0.119 0.107 0.188 0.074 0.488 0.122
0.085 0.036 0.063 0.044 0.228 0.057 :
0.199 0.321 0.313 0.221 1.054
The weight set for each index of Ievg@ einde will  be:
W =[0.558 0.122 0.057 0.263]
The judgment matrix will be made conswten@pectl plying the method in

Chapter 4:
1o (BW), °QQ D

CR<0.1, ther Judgm |x meets the consistency requirement and the obtained
matrix W will o each index.
The level-two 1nde Welght relative to level-one index layer can be determined by

Table 2. Target layer of style

applying the same& the results of which are shown in Table 2-5.
r\

Times Scientificity Weight value W,
Times  N\JJ 1 1/3 0.25
Scigagif 3 1 0.75
I@n result for 2=2, CR=0<0.1 (meeting the demands of consistency)
consigténcy

Table 3. Target layer of form

proportion Shape Material Weight value W,
scale coordination technics

proportion scale 1 1/3 3 0.260

Shape coordination 3 1 5 0.633

Material technics 1/3 1/5 1 0.106

Inspection result for 2=3.04, CR=0.03<0.1 (meeting the demands of consistency)
consistency
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Table 4. Target layer of color

Bright tune Color match Color function Weight valueW3

Bright tune 1 3 4 0.623
Color match 1/3 1 2 0.240
Color function 1/4 1/2 1 0.137
Inspection result for 2=3.02, CR=0.02<0.1 (meeting the demands of consistency)
consistency

Table 5. Target layer of agreeableness

Man-machine Semantization Weight value W4 o
Man-machine 1 1/5 0.167 &
Semantization 5 1 0.833
Inspection result for =2, CR=0<0.1 (meeting the demands of consistency)

consistency

4.4. Calculating each index’s degree of membership

Before calculating the degree of membership, e
should be firstly surveyed. Five experts in the fielc mwte&

and the evaluator set P={P1,P2,P3,P4,P5} is sh

Table 6. Tabl

@;e;ch n&)
remq&%/ach evaluation index

olve in this evaluation,
in Table

df»g rvey fyrmxperts

Evaluation index Expert 1 P, Xpert 2 P, A?ﬂgrt 3P, Expert 4 P, Expert 5 Ps
Stvle B, |Times C; 1 A 2 1
Y® ™1 [Scientificity C, |2 A\ [1 1 2 2
proportion >
scaleCs ! e) w 0 0 !
Form Shape o Q N
B, coordination'&k 4 0 ! !
Material N AQ
technj 0 Y > 1 -1 0 0
Bright tune)Cq -1 1 1 0
Color | Color match C, 'XU 0 -1 -1 0
Bs Color  functio 0 1 0 1
Cg
Agreea Man mac@ 2 0 1 1 0
bleness Zation
B, W 1 1 1 1 0

Q this table, the membership matrix for each evaluation index can be calculated,
to Chapter 4 for the calculating method of membership. The final results are the

and
following:
__O 0 08 0.2
R=
|10 0 04 06
(0.2 04 04 0
R,=|04 04 02 O
04 06 0 O
73

0 04 04 02
0 04 06 O
02 04 02 02

R2

[0 04 04 02
102 02 06 O
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4.5. The fuzzy evaluation result of CNC machine tool’s appearance

Compared the membership matrix of each level’s indexes with the index weight value
calculated above, the level-one fuzzy evaluation for CNC machine tool’s appearance can be

conducted by applying the formulaS, =W,R,. The following is level-one fuzzy evaluation
process of each different index:

S W,R, =[0.25 0.75] 00 0802 [0 0 05 05]
= = . . X = . .
Shle T 0 0 04 06
0 04 04 02 V'
Stom =W,R, =[0.26 0.633 0.106]x| 0 0.4 06 0 [=[0.0212 0.3996 .0 0732]
02 04 02 02 .

02 04 04 ﬁ @
Scor =W;R; =[0.623 0.24 0.137]x|0.4 0.4 @ —[q@yﬁzos 0.2306 0]
04 0. 0 \,

0 040X 02]° %
S gy =W,R, =[0.167 0.833]><[02 é:ﬁy 666 0.2334 05666 0.0334]

0.6

0
The level-one fuzzy evaluati @'%Ts sho \ﬁerits of level-one evaluation index.
According to the principle ximized membership, the following can be seen: the
style membership of Project 2 for “gooc ”%Il “excellent” are 50% respectively, so its

appearance has good s @)simila can see that its form is “good”, color
“ordinary”, and agreé ss “goo ith level-one fuzzy evaluation, the level-two
appearance fuzzy eN ion can%a conducted finally and it will be calculated with

formula
Q=WS,. QQ 6@\0
(b 0 0 0.5 0.5

:@ 0.0212 0.3996 0.505 0.0732
Q=WsS, =.|0£55 0.122 0.057 0.263]x

0.3476 0.4208 0.2306 0
=@2 0.1341 0.5028 0.2967]

10.1666 0.2334 0.5666 0.0334 |

The final evaluation result of Project 2 is “good”, and the degree of membership for this

remark is 50.28%. Other projects’ evaluation processes are the same with Project 2 and
formulas used in evaluation of Project 2 are all introduced in detail in Chapter 4.

The final evaluation result of Project 1 is:
Q1=[0.0429 0.3437 0.525 0.0882]

The final evaluation result of Project 3 is:
Q3:[O.0323 0.475 0.4612 0.0313]
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The final evaluation results for three projects are all “good”. The difference lies in that
Project 1 has higher degree of membership for remark “good”, being 52.5%, so Project 1 is
the optimal solution. If the evaluation results for each project are different, the optimal project
will be chosen in the sequence of “excellent, good, ordinary and poor”.

5. Conclusion

In accordance with the existing status quo of CNC machine tool’s appearance design,
analyzing from four aspects as stylization, form-orientation, colorization and agreeableness
that may influence the appearance design of CNC machine tool, the two-level fyzzy

design of 2MKM95 CNC machine tool series of Tianjin No.2 Machine Tool C tion, it
proves that the evaluation result is the best appearance design project an
result based on fuzzy synthetic evaluation model coincides‘with the
production and sales. Therefore, according to the case stu %;1
fuzzy synthetic evaluation model for CNC mac Y
operability and effect, which can also provide i ant reférenceyof feasibility for the
appearance design evaluation standards of other largesr i
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