
Computer Life (CPL) ISSN: 1819-4818 
Delivering Quality Science to the World 

 

92 

Permanent magnet synchronous motor direct torque control system 

Xiangmei Du a, Huibin Fu b and Wenbei Liu c 

School of Shandong University of Science and Technology, Shandong 266000, China. 

a879864874@qq.com, bimasmallfish@163.com, c1273179928@qq.com 

__________________________________________________________________________________________ 

 

Abstract: Aiming at Pressure Swing Adsorption, a kind of Pressure Vessel exposed to periodic fatigue 

load, we predict residual fatigue crack growth life of it. Based on fracture mechanics, initial depth 

and critical depth of crack are obtained, the cracking initiation location on pressure swing 

adsorption is determined by the Extended Finite Element method in Abaqus, and the relation between 

crack length and stress intensity factor range is obtained, then all relevant parameters and formulas 

are brought into Paris formula, finally residual fatigue crack growth life is predicted. The numerical 

results show that: initial depth is 0.9 mm, critical depth is 12.9 mm. The paper also studies the 

relationship between crack depth and stress intensity factor range, using the method of data fitting to 

fit the two sets of data. And then residual fatigue crack propagation life can be obtained by bringing 

the relation between the two sets of date from Abaqus into Paris formula, that is 1.3 years. Thus, the 

assessment result provides a theoretical support for work safety of pressure swing adsorption. 

Keywords: residual fatigue crack propagation life, pressure swing adsorption (PSA); XFEM 

(Extended Finite Element Method); Paris law. 

__________________________________________________________________________________________ 

 

1. INTRODUCTION 

After multiple loads, the material properties of metal molds, discontinuities of various pressure 

equipment deteriorate, cracks occur and expand to break. Therefore, it is of great practical to study its 

extended remaining life. There are two ways to solve the crack initiation problem: one is based on the 

fracture mechanics model theory, and the other is based on the damage mechanics model theory. 

Nowadays, the methods of simulating crack propagation mainly include virtual crack closure 

technique (VCCT)[1], cohesive zone method(CZM)[2], and extended finite element method 

(XFEM)[3-5]. 

Ru Zhongliang [6] et al. used the extended finite element method to analyze the influence of different 

mesh densities and integral regions on the calculation accuracy of stress intensity factors for I-type 

cracks; Zheng Dongjian [7] et al. The extended finite element method of the poly-fracture model is 

used to analyze the deformation and expansion of the concrete arch dam under dynamic loading and 

to monitor it in real time; Fang Xiujun et al. [8] introduced a dummy node based on the extended 

finite element method. The cohesion model is used to model the cracking process of the three-point 

curved beam. For the discontinuity of the two-phase flow interface, Yan Bo [9] The modified 

extended finite element method is used to simulate the two-phase fluid flow.  
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In this paper, the finite element analysis software Abaqus is used to simulate the pressure swing 

adsorber working condition. The whole model of the pressure swing adsorber is set as the enrichment 

enrichment unit by the extended finite element method, and the crack generation position is 

automatically calculated to obtain the crack position. The relationship between the crack length and 

the stress intensity factor amplitude is obtained by simulation. Bring it into the Pairs formula and find 

the number of cycles required for the initial crack depth of the pressure swing adsorber to extend to 

the critical depth, thereby obtaining the fatigue crack growth remaining life of the equipment.  

2. EXTENDED FINITE ELEMENT METHOD 

2.1 Extended finite element method displacement mode construction 

The traditional computational crack propagation uses a piecewise polynomial function to solve the 

cell discontinuity problem by adding the corresponding additional shape function to achieve the 

enrichment function of the finite element. The calculation formula (1) [10] of the crack propagation 

path is obtained. 

 

Fig. 1  Nodes of XFEM additional function 

 

Fig. 2  Local coordinates of crack tip 

Like the conventional finite element, the boundary value problem is that the finite element 

approximate displacement expression (2) is brought into the virtual work equation, and the XFEM 

governing equation [12] is obtained: Kd=f 

2.2 Numerical integration method 

Due to the existence of cracks in some units, if the Gaussian integral is directly used, the calculation 

results will be inaccurate. It is necessary to divide these units into several sub-triangle units. The 

sub-units after subdivision are located on both sides of the crack surface, and the internal 

displacement of each sub-unit Continuously, the unit integral is converted into subunit integral, and 

higher precision can be obtained. As shown in Fig. 3, the crack-containing unit is further subdivided 

into sub-triangle units, the thick solid line portion indicates the crack, the broken line portion 

indicates the crack tip, and the unit through which the crack passes is subdivided into smaller 

sub-units. 
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Fig. 3  Subdividing the crack elements into sub-triangular elements 

The unit refinement is only for the integration of the discontinuous function, which is different from 

the grid encryption of the conventional finite element method, and does not add additional node 

degrees of freedom. The sub-units of the subdivision are triangles, which is also independent of the 

shape of the mesh divided in the simulation experiment. 

3. RESIDUAL LIFE EVALUATION OF FATIGUE CRACK GROWTH OF PRESSURE 

SWING ADSORBER  

 

Fig. 4  Determining the position of the cracks using XFEM 

The pressure swing adsorber is used for hydrogen purification, and mainly includes an upper flange, a 

head, a cylinder, a lower flange, a skirt and a bent pipe. The cylinder of the equipment has an inner 

diameter of Ф3000 mm, a wall thickness of 20 mm and a cylinder length of 8100 mm. Considering 

the influence of various factors such as specific structure, hole fatigue and corrosion allowance on 

fatigue strength, after multiple finite element calculations, the overall wall thickness of the adsorber is 

finally determined: the nominal thickness of the cylinder is 20 mm, and the elliptical head is nominal. 

The thickness is 22 mm and the thinnest wall thickness is 15.7 mm. The material of the equipment 

cylinder and the head is Q345R, and the material of the nozzle is 16Mn forging. 

The cracks of the pressure swing adsorber are mostly generated in the weld or structural defects, and 

the characteristics of the research object are as follows: the substrate has no defects and the material is 

uniform, so the influence of the weld on the calculation model can be excluded, that is, in the analysis 

and calculation process. The residual stress, residual deformation and phase change problems 

generated by the welding process are not considered, and the entire container structure is assumed to 

be homogeneous. 

Since ABAQUS uses the extended finite element method (XFEM) to solve the stress intensity factor 

K, only the 3D model can be solved. Therefore, the models in the simulation analysis are all 
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three-dimensional models. The opening structure of the head of the pressure swing adsorber is 

analyzed. The model approximation can be regarded as an axisymmetric model. In order to facilitate 

the application of load and constraints and reduce the calculation amount without affecting the 

calculation result, the upper structure of the model is taken. A quarter of the analysis was performed. 

Considering the advantages and disadvantages of different unit types such as reduction unit (R), 

non-coordination mode unit (I), correction unit (M), and hybrid unit (H), the model is divided by a 

3-dimensional 8-node linear reduction integration unit. The total number of nodes divided is 95288 

and the number of grids is 66810. 

According to the stress analysis, due to the structural discontinuity at the joint between the upper head 

and the nozzle, a relatively obvious stress concentration will occur after the cyclic pulsation load, and 

the strength and toughness of the material will be degraded, and crack initiation will occur. The crack 

position after the simulation calculation is shown in Fig. 4. 

Most of the cracks appear on the inner side of the joint between the nozzle and the head of the upper 

part of the pressure swing adsorber head. Due to the structural symmetry and the symmetry of the 

load boundary conditions, the cracks on the ring surface are evenly distributed in an axisymmetric 

manner. A few cracks appear on the inner side of the torus on the inside of the nozzle opening 

structure and the inner side of the joint where the head and the cylinder meet, and the cracks are also 

symmetrically distributed in the center. 

4. CALCULATION OF STRESS INTENSITY FACTOR 

According to the linear elastic fracture mechanics, this section uses the extended finite element 

method in ABAQUS software to calculate the stress intensity factor KI of the pressure swing 

adsorber under the maximum and minimum values of cyclic loading. Since the extended finite 

element function of ABAQUS does not allow crack propagation when calculating the stress intensity 

factor, it is necessary to solve the stress intensity factor values corresponding to different crack depths 

by presetting a certain crack depth. Through the previous analysis, the initial depth a0 of the crack is 

0.9 mm, and the critical depth ac is 12.9 mm. For the convenience of calculation, the crack growth 

depth Δa is 1 mm, and the crack is preset at the appearance position according to different depths. 

When calculating the stress intensity factor, it is necessary to use the alternating pressure when the 

equipment is working. The maximum pressure pmax is 0.85 MPa and the pmin is -0.08 MPa. 
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Fig. 5  Different stress nephograms corresponding with different crack depths 

Figure 5 (a), (b), (c), (d) are the corresponding stress clouds for crack depths of 0.9 mm, 4.9 mm, 8.9 

mm, and 12.9 mm, respectively. As can be seen from the figure, when the crack depth Very small, the 

stress distribution of the equipment is basically the same as when there is no crack, and as the crack 

depth increases, the maximum stress increases and is concentrated, and the stress concentration point 

is at the crack. The stress intensity factors and their stress intensity factors corresponding to different 

crack depths were calculated by ABAQUS.. The stress intensity factor amplitude △K=KImax-KImin, 

KImax and KImin are the stress intensity factors corresponding to the maximum and minimum values 

of the cyclic pressure of the equipment, respectively. 

 

Fig. 6  The relationship between crack depth and stress intensity factor range 

The data in Table 2 is described in a line graph, as shown in Figure 6. The abscissa indicates the crack 

depth and the ordinate indicates the stress intensity factor. The solid blue line is the source data curve 

and the blue dashed line is the fitted curve. 

5. CONCLUSION 

(1) Based on the theory of fracture mechanics, using the extended finite element method (XFEM), the 

enrichment unit is set in the ABAQUS simulation model to obtain the specific location of the crack. 

(2) Find the different stress intensity factor widths corresponding to different crack depths in the 

ABAQUS results file. By fitting the two sets of data. 

(3) Using the Paris formula, the number of cycles of cracking of the pressure swing adsorber from 

initial depth to critical depth is 59893.1, that is, the residual life of fatigue crack propagation from 

initial crack to complete failure of the equipment is 1.3 years. This evaluation provides theoretical 

support for the safe operation of the pressure swing adsorber.  
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