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Abstract: This paper presents a mechanical product optimization design method based on Kansei engineering, 
which consider both the emotional needs of consumers, but also take into account the functional properties of 
the product itself. While established a relationship model between consumer preferences and product design 
parameters. The model is applied to optimal design of electro-hydraulic actuator product appearance to obtain a 
smaller volume electro-hydraulic actuator product which appearance and structure more reasonable, realized the 
unity of the perceptual and rational design. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Traditional mechanical optimization design 
methods often only consider the optimal technical 
parameters that maximize the technical function of 
the product. With the rapid development of economic 
and social as well as market demand to further 
expand and improve, the existing design for 
mechanical products have not only focus on internal 
factors such as technology, function, but also by 
means of industrial design and strategy for a variety 
of external factors, mechanical design and 
landscaping products, thereby increasing the added 
value of machinery products and artistry. Therefore, 
based on the perceptual engineering mechanical 
design method arises at the historic moment.  

"Kansei engineering" to the past as hard to 
quantify, only qualitative, irrational emotional 
reaction without logic, quantified using the modern 
computer technology, in order to develop a new 
generation of technology and product design. 
Domestic and foreign scholars have applied "Kansei 

engineering" to the practice of mechanical products. 
Kuniaki, Nakada et al. make "Kansei Engineering" 
used in the design of construction machinery 
products, he pointed out that "Kansei Engineering" 
can create a database to quantify the relationship 
between consumer values and product design 
elements, and its application to the product 
evaluation [1]. Kun-Chieh Wang, Jung-Chin Liang et 
al. Combined with the perceptual engineering and 
support vector machine (SVM), to determine the best 
combination of design elements of the machine tool 
product shape, so as to satisfy the consumer's 
perceptual demand [2]. Hsin-Hsi Laia, Yang Cheng, 
and others use "Kansei engineering", to explore a 
kind of user cognition into product design element 
method, which uses "Kansei engineering" concept 
and neural network to extract the experimental 
sample data, and analyze the data to get the product 
manufacturers need to provide what kind of color, 
shape of product to attract users [3].  

In a word, whether foreign or domestic, "Kansei 
Engineering" studies are gradually deepened. 
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However, in practical applications, "Kansei 
engineering" does not make substantive application 
of the results, most of the studies only focus on 
"Kansei Engineering" study of a unilateral (such as 
shape, appearance) in the process of implementation. 

Therefore, this paper presents a perceptual 
engineering machinery products based optimization 
method, consider both the emotional needs of 
consumers, but also take into account the functional 
properties of the product itself, that is to create a 
shape with excellent quality and keep the original 
function of the mechanical efficiency of the product, 
achieve emotional needs and machinery products 
technical parameters of unity. 
 
 

2. Established the Perceptual 
Quantization Model 

 
Emotional quantitative model is the establishment 

of consumer preferences (emotional needs) and the 
relational model of product design parameters will 
soon be converted to perceptual evaluation scale 
engineering scale. More and more studies show that 
the mapping between consumer preferences and 
product design parameters, mainly through statistical 
methods to create, for example, multiple linear 
regression analysis [4], fuzzy regression analysis [5], 
number theory class analysis [6], and artificial 
intelligence technology neural network algorithm [7], 
genetic algorithm [8]. 

In this paper, multiple linear regression analysis is 
applied to establish emotional quantitative model. 
Compared with artificial intelligence and fuzzy 
algorithm based on artificial intelligence the use of 
multiple linear regression analysis to get more clear 
information. The latter in the form of a polynomial 
expression of the relationship between emotional 
needs and design elements. The remarkable design 
elements and the interaction between design elements 
are obvious. 

During the analysis, the consumer preference 
value as a reference variable, the product design 
parameters (design elements) as the dependent 
variable, forecasting model is as follows; 

 

ppi xxxy αααα ++++= 22110  
 

where pααα ,,, 10   are the parameters to be 

estimated, 0 1, , , px x x  is the independent variable of 

multiple linear regression models. Analysis  
of the models, which can be obtained design 
variables affecting consumer demand as well as its 
emotional impact. 
 
 

3. Applications  
 

We use quantitative models sensual electro-
hydraulic actuators for exterior design is optimized 

(electro-hydraulic actuator structure shown in Fig. 1), 
the goal is to meet the emotional needs while making 
the smallest structure is more reasonable. There are 
five design variables are the size and the variable 
parameters , namely the size of the variable in the 
longitudinal direction X1, X3, X5; variable width 
direction dimension X2, X4. 
 
 

 
 

Fig. 1. The electro-hydraulic actuator structure diagram. 
 
 
3.1. Established Objective Function 
 

The electro-hydraulic actuator volume mainly 
depends on the volume of a cylinder hydraulic power 
mechanism. Therefore, the optimization of objective 
function is minimum volume as follows, 
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We build electro-hydraulic actuator perceptual 

demand under the objective function. First, select the 
diagram 10 electro-hydraulic actuator as sample, and 
make it into a questionnaire. Select 40 volunteers 
scripts for testing, of which 20 man-made mechanical 
design major students, five were full-time teachers,  
5 professional design staff, 10 for ordinary users, let 
them make perceptual evaluation diagram for each 
sample, and played a certain score (1 to 10 points), as 
shown in Table 1 for score sheets.  
 
 

Table 1. Perceptual scale. 
 

X1 X2 X3 X4 X5 
The average 

score 
324 238 133 37 58 6.5 
398 246 156 46 86 7.0 
478 274 188 62 102 7.8 
587 288 215 89 140 8.0 
603 291 219 94 170 8.3 
634 303 235 99 180 8.8 
649 299 233 108 240 9.0 
919 339 315 128 289 8.8 
1246 402 383 229 480 8.4 
1462 465 483 450 496 9.2 
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Then the average of each sample perceptual 
evaluation of independent variables, X1, X2, X3, X4, 
X5 as design variables, using SPSS statistical 
software for multiple regression analysis [9], the 
statistical results are as follows (Table 2): 
 
 

Table 2. Model parameters. 
 

 
Model 

R 
R 

Square 

Adjusted 
R 

Square 

Std. Error of 
the Estimate 

1 0.973a 0.947 0.882 0.3143 
a. Predictors: (Constant), X5, X4, X3, X2, and X1 
 
 

As can be seen from Table 2, the correlation 
coefficient R is 0.973, indicating good correlation 
between the independent and dependent variables. 
The coefficient of determination R Square is 0.947 
(R Square regression reflects the overall effect, the 
closer to 1 the better.); the variation in the dependent 
variable, from 94.7 % could be explained by the 
change of variables [10]. 

Table 3 Analysis of variance using the regression 
equation for the entire test of significance, where  
F = 12.259, P = 0. 015 <0.05, the difference was 
statistically significant, that this regression equation 
can be established [10]. 
 
 

Table 3. Regression analysis of variance. 
 

Model 
Sum of 
Squares 

df
Mean 

Square 
F Sig. 

Regression 6.511 5 1.302 
12.259 0.015aResidual 0.425 4 0.106 

Total 6.936 9  
a. Predictors: (Constant), X5, X4, X3, X2, and X1 
 
 

Table 4 Analysis of variance partial regression 
analysis done for each dependent variable. In the 
table, a significant probability of the constant t is 
0.454 > 0.05, which means that the constant term and 
no significant difference 0, the constant term in the 
equation should not occur [11]. Similarly, the 
probability of a significant value of the variable t of 
X5 0.583 > 0.05, X5 represents a coefficient not 
significantly different from 0, X5 variable should not 
be interpreted as a variable in the equation; the 
variables X1, X2, X3, X4 of significance probability 
value of less than 0.05 t, the X1, X2, X3, X4 can be 
used as explanatory variables in the equation. 
 
 

Table 4. Regression analysis of variance 1. 
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig.
B 

Std. 
Error 

Beta 

1(Constant) -4.290 5.180  -0.8280.454
X1 -0.019 0.005 -7.818 -3.596 0.023
X2 0.045 0.029 3.619 1.555 0.015
X3 0.050 0.020 6.128 2.471 0.029
X4 -0.014 0.004 -1.958 -3.1860.033
X5 0.004 0.006 0.657 0.596 0.583

The variable X5 removed from the explanatory 
variables, using SPSS software multiple linear 
regression analysis again, the results are as follows 
(Table 5). 
 
 

Table 5. Regression analysis of variance 2. 
 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig.

B Std. Error Beta 
1(Constant) -6.277 3.702  -1.696 0.151

X1 -0.016 0.003 -6.894 -4.843 0.005
X2 0.056 0.021 4.476 2.619 0.047
X3 0.042 0.015 5.188 2.904 0.034
X4 -0.015 0.003 -2.163 -4.546 0.006

 
 

From the table, we see a significant probability 
remains constant term t is greater than 0.05, which 
means that the constant term should not appear in the 
equation, so we have to build multiple regression 
equation is, 
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Because there are multiple objective optimization 

model in order to facilitate solving multi-objective 
optimization problem we will into a single objective 
optimization problem, and the corresponding weights 
assigned to each optimization objectives, the size of 
the weighting factor reflects the goals of the overall 
design of the sub- program the importance. Since the 
maximum value of the objective function in a request 
(perceptual objective function), one for the minimum 
(volume objective function), there are two different 
types of objective functions, in order to establish the 
overall objective function that will do the most for 
the minimum objective function into the objective 
function that, 
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To establish the overall objective function is  

as follows; 
 

)()()(min 2211 xfxfxf ωω += , 

where 1ω  is the weight coefficient of target function 

)(1 xf , here take 1ω =0.6; 2ω  is the weight 

coefficient of target function )(2 xf , here  

take 
2

ω =0.4. 

 
 

3.2. Establish Emotional Constraint Function 
 

The electro-hydraulic actuator design indexes in 
the following Table 6.  
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Table 6. The electro-hydraulic servo actuator  
design specifications. 

 
No. Index Index value 
1 Maximum output torque 5000 Nm 
2 Maximum output angle 90° 
3 The fastest running time of  9 s 
4 Control accuracy 0.3° 

 
 

According to the result of market research, when 
the maximum output torque of 5000 Nm, 
preliminarily determine the scope of each design 
variable, respectively is 
 

635590 1 ≤≤ x , 310280 2 ≤≤ x , 

245210 3 ≤≤ x , 130100 4 ≤≤ x , 

210170 5 ≤≤ x . 

 
In order to achieve the appearance of electro-

hydraulic actuators symmetry and coordination 
requirements, but also need to be met; 
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3.3. Established Technical Parameters 

Constraint Function 
 

Direct drive electro-hydraulic actuators for the 
main components of the rack and pinion hydraulic 
servo swing cylinder, so its main dimensions also  
its decision. 

According to a hydraulic manual, reference 
existing products work pressure, combined with the 
actual conditions, primary hydraulic cylinder 
working pressure P is 16 MPa, cylinder force balance 
equation is: 
 

 
021 /2 DTAPAP =− , (1) 

 
where 1P  is the oil chamber pressure; 

2P  is the back 

to the oil chamber pressure; A is the piston cylinder 

diameter; 0D  is the Gear pitch diameter. 

Piston cylinder area: 
 

 4/2DA π= , (2) 
 
where D is the cylinder internal diameter of the 
cylinder. 

Take gear modulus m = 6, number of teeth  
Z = 24. Pitch circle diameter = 144 mm, the oil return 
chamber pressure 02 =P , the formula (1), (2) a 

piston-cylinder diameter D = 74.3 mm, round take  
D = 80 mm. At this time, by the formula (1), (2) the 
actual working hydraulic cylinder pressure 13.8 MPa. 
Maximum angle of rotation of the gear actual work is 

90°, but considering the 10 percent margin, according 
to the rotation angle of 100° the actual calculation. 
Thus the piston stroke can be obtained as follows. 

 

mm
D

S 6.125
360

100 0 == π
 

 
Optimization of technical parameters can be 

established above the technical parameters of the 
model constraint functions, as follows. 
 
 

3.3.1. 1x Size Constraint. 
 

311 22 δ++≥ LSx , 

 
where S is the piston stroke, here s=126 mm; 

1L  is 

the rack length, here 1L =300 mm; 3δ  is the piston 

cylinder wall thickness, here 3δ =40 mm. 

Therefore, we can conclude )(3 xg  

 

0632)( 13 ≥−= xxg  
 
 

3.3.2. 2x Size Constraint 
 

113 2δ+≥ aDx , 

where 
1aD  is the GEAR tip diameter, here 

mmmDDa 156201 =+= ; 1δ  is the including wall 

thickness and gap size, here mm401 =δ . 

Therefore, we can conclude )(4 xg  

 

0236)( 34 ≥−= xxg  
 
 

3.3.3. 3x Size Constraint 
 

24 2δ+≥ Dx , 
 
where D is the diameter piston-cylinder, here 

mmD 80= ; 2δ  is the piston cylinder wall 

thickness, here mm202 =δ . 

Therefore, we can conclude )(5 xg  
 

0120)( 45 ≥−= xxg  
 
In summary, the optimization model is as follows: 
 

[ ]Txxxxxx 54321 ,,,,=  

)()()(min 2211 xfxfxf ωω +=  

ts.  0)( ≥xgi  5,4,3,2,1=i  
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4. Optimization and Analysis 
 

Select the fgoalattain function provided by 
MATLAB optimization toolbox to solve the multi-
objective programming problems, optimization 
results is shown in Fig. 1.  
 
 

 
 

Fig. 1. Multi-objective optimization program run results. 
 
 

Before optimization design parameters  
compared with the optimized results, shown in the 
Table 6 below. 
 
 

Table 6. The electro-hydraulic actuator perceptual 
optimization results. 

 

Parameter X1 X2 X3 X4 X5 
Volume 

(m3) 
The initial 
value 

634 303 235 140 200 6.36×10-2 

Optimization  
Result 

632 280 236 120 198 5.41×10-2 

 
 

As can be seen from Table 6, to meet the needs of 
the largest inductive premise compared to the original 
design parameters for most of the parameters has a 
reduced volume of 6.36 × 10-2 m3 original is reduced 
to 5.41 × 10-2 m3, a decrease of 15 %. 
 
 

5. Conclusion 
 

In this paper, based on the basic theory of "Kansei 
engineering" and the basic method of mechanical 
design, this paper proposes a mechanical 

optimization design method based on perceptual 
engineering. Established the relationship between the 
consumer preferences and product design parameter 
model, and applied to the electro-hydraulic actuator 
product appearance design, get a smaller size, 
appearance, shape, structure more reasonable electro-
hydraulic actuator products. Relative to conventional 
optimization method, in this paper the perceptual 
demand of consumers and the function of the product 
parameters together, realize the unity of the 
perceptual and rational design and provide references 
for other product design. 
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