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__________________________________________________________________________________________ 

Abstract: Pressure swing adsorption device is a kind of typical fatigue pressure vessel, oil 

refining, chemical industry, metallurgy, etc. in the important equipment, its operation 

condition complex, subjected to high pressure and low pressure alternating cyclical, prone to 

fatigue failure. Because the actual load pressure swing adsorption device is one of the 

characteristics of periodic change, under the effect of its, the welding joint of pressure parts, 

structural discrete parts and take over the hole near region tend to generate high local peak 

stress, once more than the material yield limit, metal will gradually produce micro cracks in a 

region. With the continuous cycling of the load, the microcracks continue to expand throughout 

the equipment, leading to fatigue failure of the equipment. By using the finite element method 

(fem) to psa statics analysis and stress evaluation and successfully to get a reliable simulation 

conclusion, for the pressure swing adsorption device and the whole pressure vessel industry 

provides theory basis for the safe, efficient and economical production.  
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__________________________________________________________________________________________ 

1. INTRODUCTION AND APPLICATION OF PERSSURE SWING ADSORBER  

Design method of pressure vessels at home and abroad are mainly conventional design and 

analysis of two kinds of methods, conventional design is most of the mainstream design 

method of equipment unit, this kind of method of domestic GB - 150 "steel pressure vessel" as 

the standard basis, safety coefficient is big, the structure is safe enough. the analysis and design 

method are based on jb-4732 steel pressure vessel analysis and design standard in China. This 

method is based on detailed stress analysis, with less safety factor and more scientific design. 
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1.1  Introduction to pressure swing adsorber 

Variable-pressure adsorber is a kind of separated pressure vessel in pressure vessel and a kind 

of tower equipment. PSA is a process of separating or purifying gas mixtures. Psa is a widely 

used gas separation technology. It USES the difference of adsorbent adsorption to each 

component gas and the principle that adsorption amount changes with pressure to realize the 

separation of components by circulating fluctuating pressure. The adsorber is the key device to 

implement this technology. Because of the properties of psa, the actual load of the adsorber is 

periodic. Under the effect of its, the welding joint of pressure parts, structural discrete parts and 

take over the hole near region tend to generate high local peak stress, once more than the 

material yield limit, metal will gradually produce micro cracks in a region. With the continuous 

cycling of the load, the microcracks continue to expand throughout the equipment, leading to 

fatigue failure of the equipment. In conventional design, the pressure vessel is considered 

according to static load, which obviously cannot meet the safety design requirements of such 

equipment. Therefore, the design of the adsorber should be carried out in accordance with the 

fatigue analysis based design method as stipulated in JB 4732-95 "steel pressure vessel 

analysis and design standard" (2005 validation edition) [1]. 

1.2 Application of finite element method [2] in design of pressure swing adsorber 

Main applications of finite element in pressure swing adsorber: 

(1) as the analytical design is more adaptable to the requirements of product safety and 

economy, the application requirements are more extensive. According to the requirements of 

the standard, the designer can use the finite element method to solve the design problems of the 

structural strength, stability and fatigue life of the container. 

(2) the research and preparation of design standards can be carried out with the help of finite 

element method, and the current specific research can be carried out. 

(3) for beyond the structure design of existing specifications, local analysis, such as large 

opening question, special structure, the whole container structure can be designed according to 

conventional design standard, but some need for finite element analysis of the distribution of 

the stress intensity to verify whether meet the requirements on strength. 

(4) in service life of equipment evaluation when found after the equipment in service is 

defective, if can continue to use, can reduce the conditions of use, how many years can also use, 

etc., are of concern to many companies. These problems can be solved by means of finite 

element analysis [3]. 

(5) design optimization makes the design of pressure swing adsorber safer, more economical 

and more efficient. 

2. CONVENTIONAL DESIGN OF VARIABLE PRESSURE ADSORBER 

2.1 Overall structure design of psa 

The design diagram of the variable-pressure adsorber is shown in figure 1. 
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Fig 1. design diagram of psa 

2.2 Calculation of wall thickness 

As for the pressure swing adsorber, vertical circular container is adopted for the tank body 

according to the technological requirements. There are upper sealing head, cylinder body and 

lower sealing head, which are installed on the basis of the skirt. The upper and lower sealing 

heads are made of standard oval sealing heads, and the tank body and sealing heads are made of 

Q345R.The tank body is welded to the upper and lower sealing heads. 

(1) Calculation of wall thickness of container cylinder  

The calculation of cylinder wall thickness is mainly based on the third part of GB150 steel 

pressure vessel. The device cylinder and head material Q345R, design temperature of 60 ℃, so 

the Pc = 0.95 MPa < 0.4 = 58.8 MPa, so the equipment wall thickness can be calculated by 

formula (1) : 
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Type: 

 -- calculate the wall thickness of the container; 

iD -- the inner diameter of the container; 

 t -- the yield strength of the container material at the design temperature, is the joint 

coefficient of welding. 
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According to table a-1 of hg20580-2011 basic regulations on steel chemical container design, 

negative deviation of steel plate thickness C1=0.8 can be found. the known design parameter 

corrosion margin C2=3 

Therefore, the design thickness of the container can be obtained by equation (2): 
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K - standard oval head shape coefficient,
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K , ih is the surface depth in the 

header; 

iD -- the inner diameter of the container; 

 t -- the yield strength of the container material at the design temperature. 

By referring to table 5-1 in GB150.3, the value of K is 1.00, so the calculated thickness of 

header is 4. 02mm.The design thickness of the head can be obtained by formula (2) is7.83mm. 

Initial wall thickness of the main components in determining the container, after considering 

the concrete structure of equipment, opening fatigue and other factors, and after a lot of finite 

element stress calculation and strength, fatigue assessment, determine the equipment shell, 

head of nominal thickness listed in table 1, the finite element analysis and evaluation are 

conducted based on the parameters. 

Table 1. nominal thickness 

Part Name nominal thickness/mm 

Shell（DN1600） 14 

Shell Cover（DN1600） 14 

3. STERSS ANALYSIS AND EVALUATION OF PRESSURE SWING ADSORBER  

3.1 Establishment of finite element model 

Because the opening structure of the upper sealing head of the psa is a rotary body structure, 

see figure 2. The main parts include: upper head, flange, flange and part of cylinder body. The 

data used in the modeling size and finite element analysis were obtained after deducting the 

corrosion margin (C2) 3mm and negative deviation (C1) 0.8mm from the nominal thickness. 

The actual wall thickness of the upper sealing head also needs to deduct the material loss C3 

from the nominal thickness. In the calculation, the bolt hole structure which has little influence 

on the overall structure force is omitted. 

In figure 2, 24 bolt holes are evenly distributed on the flange, with gaskets on them. Flange, 

gasket, bolt hole. Due to a head on the open structure of rotors structure, on the premise of 

guarantee the quality of calculated, in order to reduce the amount of calculation, get the whole 

head openings on the structure of a quarter as analysis object, and ignore the impact on the 

calculation results smaller structure, in order to make the software simulation results further 
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clear, in the case of to ensure that the results of calculation model of 1/4 modeling, model as 

shown in figure 3.In modeling, the welding seams between the cylinder body, flange and 

sealing head should be considered and modeled strictly according to the drawing requirements. 

Header modeling is based on the thinnest thickness, ignoring structures that have no effect on 

the calculation results. Flange holes for overall modeling and meshing has great influence, but 

in the analysis of the stress distribution of cylinder and head basically has no effect, when 

modeling perforated plate holes negligible. 

 

 

Fig 2. Schematic diagram of upper head opening structure 

 

Fig 3. Upper header opening structure modeling model 

3.2 Meshing 

The structural model established by Soildworks was imported into ANSYS, and then 

hexahedron grid was adopted to divide the grid, with a maximum mesh size of 5mm.The 

results of grid division are shown in figure 3 below. The number of units is 352056 and the 

number of nodes is 1419490. 
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Fig 4. schematic diagram of upper header opening structure grid division 

3.3 Apply load constraint 

According to the characteristics and bearing characteristics of this part of axisymmetric 

structure, axisymmetric mechanical model can be used to analyze it.In the three truncation 

surfaces of the model, the displacement constraint of 0 in the direction perpendicular to the 

section is applied. The loading boundary conditions are applied respectively according to 

different working conditions. FIG. 4 shows the loading constraint diagram (design working 

condition) of the upper head opening structure. 

(1) the displacement boundary conditions 

On both sides of the cut surface: Δ X = 0, Δ Z = 0. 

Cylinder bottom truncation: Δ Y = 0. 

(2) the load boundary conditions 

A. design conditions 

Shell, takeover, flange and flange sealing surface on the inner surface in the part inside the 

gasket, applying internal pressure: P = 0.95 MPa. 

Applying bolt flange bolt on the back-center circle, Fb, the value of the minimum bolt 

pre-tightening condition need to load Wa and bolt design load of W and average, calculated by 

formula (3): 

    Fb=(Wa+W)/2                                                       (3) 

Apply bolt force: Fb=1804771.56N. 

Applying gaskets flange seal face gasket compression force on the counterforce FG, its value 

for the bolt force within Fb minus pressure round the force created by the inner region in the 

center of the gasket, calculated by formula (4): 

                          FG=Fb-π×DG2 ×P/4                                            (4) 

Apply gasket reaction: FG=1441671.41N. 
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Fig 5. structure loading constraint diagram (design condition) 

4. ANALYSIS RESULTS AND STRENGTH ASSESSMENT 

The stress analysis results and strength assessment of the above structures are as follows. 

Strength assessment process, stress the selecting principle of linear path is: through the stress 

intensity of each part of the largest node, and the shortest set direction stress along the thickness 

direction linear path, for relatively high stress area along the thickness direction is set path. 

4.1 Analysis result  

The stress analysis results are shown in FIG. 5. As can be seen from the figure, the maximum 

stress point of this part is located at the flange position, and the maximum stress value is 

282.67mpa. 

 

Fig 6. Stress distribution cloud map of structural model (standard operating condition) 

In head openings on the structure of the whole stress distribution is obtained, after assessing the 

head opening structure on the stress distribution, stress path respectively linearized analysis as 

shown in figure 6, 7, 8, 9, the corresponding stress linearization results evaluation path in 

annex 1, strength assessment as shown in table 2. 
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Fig 7. path 1 

 

Fig 8. path2 

 

Fig 9. path 3 
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Fig 10. path 4 

Table 2. strength assessment 

Stress intensity and 

combined stress 

intensity 

path 
Calculated stress 

intensity（MPa） 

Allowable stress 

strength limit（MPa） 

Evaluation 

result 

The stress intensity of 

the first local film SⅡ 1 

 

80.768 1.5Smt=248.25 pass 

First + second stress 

intensity S 
93.979 3Smt=496.5 pass 

The stress intensity of 

the first local film SⅡ 
2 

86.37 1.5Smt=248.25 pass 

First + second stress 

intensity S 
105.11 3Smt=496.5 pass 

primary general 

membrane stress SⅠ 
3 98.811 Smt=188 pass 

primary general 

membrane stress SⅠ 
4 69.961 Smt=188 pass 

4.2 Conclusion of stress intensity assessment 

The results of the analysis of the above two parts structure strength assessment has been 

through, this suggests that the structure design and the equipment used in the design of the size 

parameters of the concrete strength can meet the requirements stipulated under the condition of 

the overall strength calculation. 

4.3 Fatigue strength assessment 

Working condition of the above two parts structure in the maximum alternating pressure and 

minimum stress analysis results in the cases of alternating pressure as shown in figure 10, 11, 

respectively, on the basis of further fatigue analysis was carried out on the structure, get the 

structure of the equivalent alternating stress nephogram, as shown in figure 12. 
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Fig 11. Stress analysis results of structures 

 

 

Fig 12. Stress analysis results of structures 

 

Fig 13. equivalent alternating stress amplitude of the structure 

According to the elastic modulus E=2.1 * 105MPa in FIG. C-1 of appendix C of JB4732-1995 

(confirmed in 2005), Salt was modified, and the modified alternating stress intensity amplitude 

was: 

S 'Alt = Salt E/Et = 94.273 x 103 x 210 x 103/203.75 = 97.16 MPa 

According to the curve corresponding to figure c-1 and the data in table c-1, the allowable 

cycle times N>106 when S 'Alt = 97.16mpa, the estimated design pressure cycles of the device 

N = 4.8x105, N> N. Therefore, the fatigue assessment is qualified. 
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5. SUMMARY AND PROSEPCT 

Pressure swing adsorption device, the author of this paper the chemical equipment based on 

Ansys Workbench software platform, using the finite element method (fem) simulation on the 

mechanics, it is concluded that the stress distribution characteristics of pressure swing 

adsorption device, flange and cylinder weld parts gets bigger, other small parts. Then the stress 

was evaluated according to the analytical design standard. It is concluded that there is a greater 

safety factor for the stress in each part of the pressure swing adsorber, which can further reduce 

the weight of the equipment. 

With the rapid development of computer technology, I believe that the approach will be more 

perfect and reliable, calculation accuracy will be more and more high, in the near future will 

gradually become the main design method of pressure vessel design industry. 
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