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Abstract- The D-grade explosion-proof junction box is designed to withstand the pressure of explosion. Most of companies 
have focused on the development of high-value explosion-proof junction to improve the safety by considering the relationship 
between different explosion prevention components and safety of D-grade explosion-proof junction box. As the thickness of 
junction box increases, the safety will be improved. However, the manufacturing costs of junction box will increase 
numerously. Therefore, the primary objective of this paper is to identify the optimal settings for D-grade explosion-proof 
junction box structure with the high safety and low manufacturing costs. First of all, the information of sizes and the related 
stress and mass of junction box is conducted based on the proposed structure interpreting simulation and design of experiment 
(DoE). Then, the response surface methodology (RSM) is used to estimate the functional relationship between input factors 
and associated output responses. Finally, the optimal settings of sizes of junction box are obtained by using the weighted sum 
model for multi-objective optimization problem. 
 
Index Terms- D-grade explosion-proof junction box, robust parameter design, structure interpreting simulation, design of 
experiment, estimation, optimization. 
 
I. INTRODUCTION 
 
Natural-gas production is a complex industrial process 
from cleaning the raw natural gas to producing 
pipeline quality dry natural gas. Firstly, the raw natural 
gas is mined from the gas fields. Then, the gas is send 
to liquefaction facility to make liquefied gas. Finally, 
the gas from liquefaction facility is moved to customer 
by the liquefied natural gas (LNG) ship. Although the 
gas production demand increases for many reasons all 
over the world, the gas production system has reached 
the limit to the extent because the gas production 
decreases from the depletion of gas fields. Therefore, 
many gas companies have focused on problems, such 
as lack of infrastructure and techniques, restriction of 
environment, far distance from gas fields to 
liquefaction facility in order to increase gas 
production. Floating liquefied natural gas (F-LNG) 
technologies designed for all facilities including 
production facilities and storage facilities on the ship 
were proposed for dealing with these problems. 
However, the safety of facilities in moving F-LNG 
requires improving further in practical problems. One 
of the most serious problems in moving the F-LNG 
vessels in a ship is the overheating of resistance which 
can cause an explosion. The explosion-proof junction 
box (construction for internal pressure) is a powerful 
tool used to prevent this phenomenon in practical 
problems. 
The development of high-value junction box needs 

more improvement in safety and different 
environment variables because the explosion 
prevention components are directly related to the 
safety of facility when the demands of safety increase. 
In order to design a high-value junction box, robust 
parameter design (RPD) method consisting three 
sequential steps, such as design of experiment (DoE), 
estimation, and optimization can be used. The 
information between the thickness, thinness, and sizes 
of junction box (i.e., input factors) and the stress and 
mass (i.e., output responses) can be explored by using 
DoE methods, such as central composite design 
(CCD) and Box-Behnken designs. The purpose of 
DoE is to maximize this information with minimal 
experimental runs to reduce the costs. The DoE 
method for junction box is conducted by the structure 
interpreting simulation because of the high costs and 
difficulty in practical industries. The functional 
relationships between input factors and output 
responses are estimated by response surface 
methodology (RSM). Normally, the parameters in 
these functions are estimated by using least squares 
method (LSM). The LSM based on RSM was 
proposed [1]. Recently, references[2],[3] proposed 
inverse problem-based estimation to relax the 
assumptions when using LSM. Finally, the optimal 
settings are drawn in the optimization step. In solving 
multi-objective optimization problems, the weighted 
sum model was proposed [4]-[6]. Reference [7] 
proposed quality loss function model to handle the 
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multiple responses problems. Reference[8] proposed 
lexicographical weighted Techbycheff model in 
solving bi-objective optimization problems. The 
primary motivation of this paper is to determine the 
optimal structure of D-grade explosion-proof junction 
box based on the optimal input factor settings obtained 
from the proposed method. First of all, the functional 
relationship between input factors and associated 
output responses is statistically analyzed by using 
structure interpreting simulation and RSM. Secondly, 
the weighted sum model with the same weight values 
is used to identify the optimal solutions for the 
multi-objective optimization problems. Finally, a case 
study of D-grade explosion-proof junction box 
manufacturing process is performed for verification 
purposes of the proposed statistical methods. 
 
II. RESPONSE SURFACE METHODOLOGY 
(RSM) 
 
RSM is a collection of mathematical and statistical 
tools commonly used to modeling and analyzing for 
RD problems. RSM can be used to estimate the 
functional relationship between output variable and 
input variables. To a comprehensive presentation of 
RSM, reference[9] provided insightful comments on 
the current status and future direction of RSM. The 
objective of this method is to optimize the response 
when estimated value can be certified by polynomial 
model from true functional relationship [10]-[12]. 
When the exact functional relationship is not known or 
very complicated, the conventional LSM is typically 
used to estimate the input-output functional forms of 
responses in RSM [13], [14]. The estimated 
second-order response function is represented as 
follows: 
y(x) = β+ x b + x Bx (1) 
where 
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The coefficients b andB are estimated by using the 
LSM. 
 
III. OPTIMIZATION MODEL 
 
In this paper, the stress (y ) and mass (y ) of junction 
box are considered as the output responses which are 
minimized. Therefore, the weighted sum model is 
used to conduct the optimal factor settings for 
multivariate problems in which the same weights are 
selected for two output responses. The optimization 
model of this problem is shown as follows: 
Min  y (x) + y (x) (2) 

 s.t   x∈Ω 
 
IV. EXPLOSION-PROOF JUNCTION BOX 
 
Junction box (i.e., electrical distribution box) 
consisting of a number of electricity components is 
installed to the current supply systems in order to 
control the current supplied to the electricity 
components. Normally, the junction box is a 
quadrangle box in which the electric wires of circuit 
and cables are settled in one place. Junction boxes 
should be made of glass-fibre reinforced plastic with 
polyester resin. Junction boxes shall be designed with 
sufficient space for the expected number of cables and 
cable make-off’s. Junction box plays an important role 
in practical uses, such as passing the signal and 
electricity to each part of car like headlight, air 
conditioner, and windshield wiper. The structure of 
common junction box is shown in Fig. 1. 
 

 
Fig. 1. Structure of common junction box 

 
The junction box can bring a high risk about explosion 
because there are many electric wires in junction box 
as well as high electric current makes electric 
resistance heat, such as bulk resistance and contact 
resistance occur over a long time. In order to prevent 
the explosion and the fire at facilities, explosion-proof 
junction box should be designed based on different 
type of explosion-proof structure. Especially, 
explosion-proof construction for internal pressure 
(D-grade junction box) and increased safety type 
(E-grade junction box) are the most popular 
explosion-proof structure and can be shown in Fig. 2. 
The (a) makes the junction box stand pressure of 
explosion and the (b) generate a constant electric 
current as explosion-proof construction for internal 
pressure. The various grade junction boxes are used to 
secure the safety on the whole industry from tank to 
ship. 

 
Fig. 2. Explosion-proof construction for internal pressure and 

increased safety type 
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V. CASE STUDY 
 
In this paper, a case study for the D-grade junction box 
manufacturing company is employed to identify the 
optimal input factor settings. Three input factors (i.e., 
bottom thickness (x ), major axis (x ), and the minor 
axis (x ) of D-grade junction box) will be identified in 
order to minimize two output responses (i.e., stress 
(y ) and mass (y )). The total number of experimental 
runs is 60 including 16 experimental design points 
obtained from CCD and 44 custom points. The 
experimental data of D-grade junction box is 
illustrated in Table I. 

Table I. Experimental data 

 

 
 
By using the Minitab software package, the t-test and 
the analysis of variance (ANOVA) table of stress (y ) 
and mass ( y ) are conducted to investigate the 
significant terms and statistical analysis in the 
regression model as illustrated in Tables II, II, IV and 
V, respectively. 
 

Table II. Individual t-test of the stress 

 
 

Table III. ANOVA table of the stress 

 
 

Table IV. Individual t-test of the mass 

 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-12, Dec.-2015 

Development Of Statistical Simulation And Robust Parameter Design Optimization For A D-Grade Explosion-Proof Junction Box 
 

141 

Table V. ANOVA table of the mass 

 
 

The p-values in the t-test and ANOVA tables showed 
that the terms x , x , x , and x are significant to y  
and x  and x  are significant to y . In addition, the 
high R-square values of y  and y  showed that the 
well-estimated second-order regression model can be 
obtained from the analysis results. From the t-test 
table, the estimated second-order regressions of stress 
and mass are presented as follows: 
 

y = 1372 − 49.15x − 15.76x − 3.94x
+ 0.578x + 0.098x + 0.85x
+ 0.291x x − 0.03x x
− 0.006x x  

y = 66.2 + 0.256x + 1.488x + 1.017x
+ 0.0163x − 0.0122x
− 0.0108x − 0.00252x x
+ 0.00617x x − 0.00287x x  

The response functions of the stress and mass are 
illustrated in Figs. 3 and 4 by using surface and 
contour plots, respectively. 
 

 
Fig. 3. Graphical representation of estimated stress response 

functions 
 

 
Fig. 4. Graphical representation of estimated mass response 

functions 

 
By using MATLAB software package, Table VI 
shows the optimization results, such as the optimal 
factor settings, minimal values of stress and mass. 

 
Table VI. Optimal solutions 

 
 
CONCLUSIONS 
 
In the manufacturing industries, most of products are 
experimented in the design of any 
information-gathering exercises by using the design of 
experiment methods reported in literature. In this 
paper, the D-grade explosion-proof junction box is 
experimented by using the proposed structure 
interpreting simulation and CCD method. The 
p-values in t-test and ANOVA tables showed that the 
significant terms of elements could be obtained. The 
response functions of stress and mass of D-grade 
explosion-proof junction box were estimated by using 
the LSM based on RSM. In order to determine the 
optimal input factor settings, the weighted sum model 
with the same weight values was used to solve the 
multiple responses optimization problems. From the 
proposed method, the safety of D-grade 
explosion-proof junction box can be increased with 
low cost. For further study, the mean and standard 
deviation of output responses can be considered in the 
optimization problems. 
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