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Fig. 1 Design of filter 

 

Analytical solution was made only for cylinder part of a vessel at a sufficient distance from the stress 

change points. 

Maximal axial stress can be calculated by equation (1) 
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where p is operation pressure (Pa), r is the mean radius of the vessel (mm) and h is wall thickness of the 

vessel (mm). 

Maximal tangential stress can be calculated by equation (2) 
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where describe of member is the same for the equation (1). 

Equation (3) is the Von Mises criterion for plane stress 
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where subscript σ1 replace with σa and σ2 replace with σt. 

History of creating a computing model was captured on figure 2. Simplification was made in drawing 

the model. Some parts were neglected. The model was drawled in software Autodesk Inventor 2018 

(Figure 2a). This created model was imported in FEMAP for to create meshes. Solid model was reduced 

to mid-surface (Figure 2b). The lid was meshed separately. The vessel was contained in square shell an 

element with constant thickness 3 mm. The lid was meshed as solid with hex linear elements. Both 

meshed models are imported in MSC Marc software (Figure 2c). There was set boundary condition. The 

vessel was fixed on the ring which represents rack. Vessels lid was assembled to the vessel by glued 

contact. Inner pressure was made by face load and set on 1 MPa. 
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Fig. 2 FEM model creating sequence 

 

 

RESULTS AND DISCUSSION  
The results of analytical solution are shown in table 1. Difference was 0.83 % between analytical solu-

tion and numerical solution.  

 

Tab. 1 Comparison analytical and numerical solution 

Method 
Von Mises Stress 

MPa 

Analytical 31.61 

Numerical 31.35 

 

The FEA results were illustrated in Picture 3. Lowest Von Misses stress was determined on the hemi-

sphere. The value of stress was 26 MPa. Maximum Von Misses stress was 83.01 MPa. This critical area 

was around filling hole. The lid was another area with stress concentrates. Stress concentrated in center 

of lid with maximal value 50.72 MPa. This solution was designed as worst situation of the pressure 

vessel. There is the space for considers to make a more detailed model. Welded flange is added in design 

of filters. Join was replaced as glued contact. It can lead up to growing stress in analyzing area. Flange 

can result in an increase a durability against pressure. The vessel is more durable with every other part. 
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Fig. 3 Von Mises stress on pressure vessel 

 

CONCLUSIONS 
The aim of this analysis was to make the first study on concrete filter. The first part of the article was 

showed a comparison between analytical and numerical solution. The difference was 0,83 % between 

this solution. This result was only for cylinder part of the vessel. Analytical solution was hard used 

around hole or surface curvature. This results were captured easier by numerical solution. Finding of 

over-size or under-size areas lead up to better construction of the technical part. Pressure vessel can have 

had lower weight with same safety in this particular case. Analyses showed two critical areas. The first 

critical area was around filling hole. Less significant critical area was in the centre of the lid. On the 

other side, bottom hemisphere is over-size of the vessel. Significant thickness reduce can be done at the 

hemisphere end of the vessel. Next reduce of thickness can be done on cylindrical part of vessel. It is 

necessary to focus on the location around the filling hole. There is need to add more wall thickness or 

some reinforcement part. Critical location on the lid can be solved by the growing size of thickness or 

change shape of the lid. If hemisphere lid is used, the stress will dramatically reduce. Future studies will 

deal with find out the optimal shape of a vessel of the filter. 
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