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Abstract. Electrical module is the control unit of oil and gas processing, so it must have the ability to
withstand the impact of the explosion. By transient dynamic module of ANSY'S, dynamic response of
electrical module under explosion load is analyzed. The results show that the maximum stress and
displacement of electrical module are larger. Through ANSY'S structural optimization, the maximum
stress of electrical module decreases from 336 MPa to 269 MPa, the maximum displacement reduces
to 16.9 mm from 22.7 mm.

Introduction

It is important for industrial buildings with explosion danger to have an explosion-proof design,
which ensures the safety of buildings and people[1]. Related research has been carried out in the
1970s abroad. Such studies started relatively late in China. But with the development of the marine
oil and gas, the safety of oil and gas production has more and more gained the attention. Currently,
explosion-proof design of electrical module is based on engineering experience at home and abroad|[2,
3]. In this paper, based on software ANSYS, electrical module is analyzed under explosion load.
According to the analysis results, the structure of electrical module is optimized. As a result, it
provides a powerful theory support for the explosion-proof design of electrical module. As the
petrochemical industry pays more and more attention to how to safeguard the safe operation of the
equipment in the process of oil and gas production and people’s life, it has a good market prospect[4].

Finite Element Model

Electrical module is divided into three parts: the ground structure, the middle structure and the roof
structure. Square-steels are connected vertically between the ground structure and middle structure,
the middle structure and roof structure. The length of the whole electrical module is 9600, the width is
9600 mm, and the height is 9700 mm. Figure 1 is finite element model of electrical module.

The elastic modulus of steel is 205000 N/mmz2, the Poisson's ratio is 0.3, and the density is 850
kg/m®. The yield strength of steel is 345 MPa.

Fig. 1 Finite element model of electrical module
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Analysis Results

In this paper, wave incident peak overpressure P,, of shock wave shock is determined as 10 kPa,
positive pressure duration time t, is 200 ms. The pressure-time curve is expressed in an ideal linear
booster and attenuation stage. Figure 2 and 3 respectively are explosion load of the front wall and

explosion load of the side and roof wall[5, 6].
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Fig. 2 Explosion load of the front wall ~ Fig. 3 Explosion load of the side and roof wall

Analysis results show that the maximum displacement of electrical module under explosion load is

22.7mm and the maximum stress is 336MPa, as shown in figure 4 and 5. The stress and displacement
of electrical module are larger,so the structure optimization of electrical module is needed.

Fig. 4 Maximum von mises stress contour  Fig. 5 Maximum displacement contour

ANSYS Optimization

ANSYS optimization steps include

(1) Optimization model is set up;

(2) The cycle analysis file is generated, it must include the entire analysis process, and meet the
following conditions: parametric model, solving, extracting, specifying the state variables and
objective functions;

(3) Parameters in correspond with analysis file variables in ANSY'S database is established:;

(4) Enter OPT, and specify the analysis file;

(5) Statement optimization variables;

(6) Select the optimization tool or optimization method,;

(7) Specify the optimization loop control mode[7, 8].

Because the framework of electrical module is composed of I-beams, by optimizing the distance
between the I-beams, it can improve the overall explosion-proof performance of electrical module.
Due to each layer’s I-beam layout of the electrical module is same, number of design variables
reduces. A total of seven design variables are determined, as shown in Figure 6.
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Fig. 6 Design variables
In the process of ANSYS optimization, a goal function only can be set. Maximum displacement on
the module is selected as the objective function.
According to certain performance of the structure or design requirement, the performance
constraint is established. Because the material is used in the Q345, mathematical expression of the
state variable constraint function is shown blew

0,(X)=0-345<0 1)
Boundary constraints are used to limit a range of design variables and the relative relationship
between them, usually expressed as the following form

Ximin X < Xiax 1=12,...,N (2
Considering the actual situation, boundary constraint functions of design variables are defined as
9,(X)=-X,<0 ©)
g5(X)=X,-2300<0 4)
94(X):_X230 )
05(X)=X,-2500<0 (6)
9s(X)=-X;<0 (7)
g,(X)=X;-2500<0 (8)
gg(X) =X, + X, + X; + X, =9300 9)
gs(X)=-X;<0 (10)

0, (X)=X,-3300<0 (12)
gll(X):_XG <0 (12)

0, (X)=X6-3000<0 (13)
0,5(X) = X, + X + X, =9300 (14)

Through the ANSY'S optimization design, the maximum displacement of electrical module under
explosion load decreases from 22.7 mm to 16.9 mm, the maximum stress is 269.3 MPa ,as shown in
Figure 7 and 8. The initial and optimal value of design variables are shown as Table 1.

Table 1 Optimization results of structural parameters

Variables X4 X, X3 X4 Xs Xe Xy

Initial Value(mm) 2000 2200 2400 2700 3200 2700 3400

Optimal Value(mm) 2110 2370 2300 2520 3050 2880 3370
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Fig. 7 Maximum von mises stress contour  Fig. 8 Maximum displacement contour

Conclusions

In this paper, dynamic response of electrical module under explosion load is analyzed. The
displacement and stress of electrical module is larger. Based on finite element optimization theory,
Optimization mathematical model of electrical module is built. Through the ANSYS optimization,
the maximum displacement of electrical module is 16.9 mm, the stress is 269.3MPa.
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