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Abstract: Oil-fired boilers are fueled by energy, chemical energy to heat, electricity 

and other equipment. Oil boiler through the burner heating, atomization effect is good, 

full combustion, green, energy efficient. Tube board as the main pressure components 

of the boiler, its structure and bearing state are very complex, the current boiler 

structure of the body design mostly use conventional design, that is, material 

mechanics and shell thin plate theory based on the simplified formula, On the basis of 

some empirical coefficients, the calculated results are relatively conservative, and this 

conventional design does not provide an accurate analysis of the stress conditions of 

the boiler pressure-receiving element (tube plate), nor does it imply on some 

important areas within the compression element Stress is rigorous and detailed. 

 In this paper, finite element strength analysis is carried out on the rear tube sheet of 

a horizontal horizontal 1t / h oil boiler. Firstly, the 3D model is established by using 

solidworks software, and then the finite element model is simplified. ANSYS software 

is used to analyze the strength model of the tube plate of marine fuel oil boiler. The 

stress distribution and the maximum stress value of the tube sheet are obtained by 

setting different boundary constraints on the tube sheet. The results of the stress 

analysis are discussed by the third strength theory, and the analysis of the stress of 

the tube sheet is analyzed and compared. 
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1. Introduction 

1.1. Finite element stress calculation and analysis of tube plate 

   In the static analysis of the tube plate, the model of the tube plate needs to be 

simplified. In this analysis, the finite element analysis is carried out on the circular 

tube plate without opening, and then the tube plate is simplified and the finite element 



Volume 5 Issue 6 2018 

   131 

analysis is carried out. 

 

1.2 Finite element analysis of circular tube plate without openings 

Before analyzing the actual tube sheet model, the ideal flat circular tube plate without 

holes is first analyzed. According to the reference data of the tube plate, the radius of 

the tube plate is 700mm, the thickness is 16mm, and the corresponding model 

diagram is made by the SolidWorks software. The model is saved as the format that 

the ANSYS can open, and then the finite element analysis is carried out. 

Import the model diagram and divide the grid into 3.5. 

 

Figure 3.5 grid partition diagram of circular tube plate 

Then the pressure load and boundary constraint are applied to the tubesheet: the 

pressure is 0.85MPa, and the periphery of the tube board is a fixed full constraint, as 

shown in Figure 3.6. 

 

Figure 3.6 Tubesheet load diagram 3.6 

It can be seen that the A surface is loaded with all fixed constraints, and the B surface 

is loaded with internal hydraulic pressure 0.85MPa. Then the finite element method is 
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used to solve the problem. The maximum stress solution is shown in Figure 3.7below. 

 

Figure 3.7 maximum equivalent stress 

The maximum stress value of figure 3.7 is 1157.6MPa. 

Because the actual boundary constraint of the circular flat tube plate is between the 

fixed constraint and the elastic constraint, the calculation and solution of the flat tube 

sheet are compared with the analytical results. The formula for calculating the stress 

value of a circular tube plate is as follows: 
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 for the tube plate stress, P is the design pressure, for the coefficient, for the fixed 

and elastic constraints to use different values, the tube plate radius R is 0.7m, the 

thickness S is 0.016m. 

When the  is 0.75, the maximum stress of the tube plate is fixed. 

MPa
S

PR
21.1220

016.0

7.085.0
75.0

2

2

2

2

1 


  

The maximum stress of tube plate is   under elastic constraint, and the maximum 

stress of tube plate is 0.619. 
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From the maximum equivalent stress attempt of figure 3.7, we can see that the result 

of ANSYS analysis is a6.1157 MP . Compared with the calculation results, it can be 

seen that 2 < < 1  is in accordance with the conditions, so the actual constraint of 

the flat circular tube plate is between the elastic constraint and the fixed constraint, 

the size of the equivalent stress is 1007.08MPa, because the ANSYS software is used 

to analyze the flat circular tube plate. The result is correct and desirable and meets 

the requirements. 
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3.2.2 Finite element analysis of actual tube plate 

According to the given conditions, the properties of the material are set up, the 

material is Q245R, the elastic modulus is 1.8E5MPa, the material temperature is 250 

degrees, and the projectile Poisson's ratio is 0.3, as shown in Figure 3.8. 

 

 

Figure 3.8 material parameter loading diagram 

The model is divided into cell meshes and set up in the software. The specific operation 

is as follows: in Mesh, the sizing option selects the tube plate to select the cell size of 

0.05m in the Element size; the Relevance Center option in the sizing in Mesh is 

selected for the surface coarse super processing, as shown in figure 3.9. 

 

Figure 3.9 grid partition diagram of tube plate 

Then the corresponding pressure load and constraint conditions are applied to the 

tube plate: the inner pressure 0.85MPa is applied on the tube plate, all the holes are 

fixed, and the periphery of the tube plate is selected as the variable constraint, as 

shown in Figure 3.10. 
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Figure 3.10 constraint condition diagram of tube plate 

Among them, the A location is fixed by the tube plate opening, the B place is added 

to the tube plate peripheral constraint, and the C place is added to the inner pressure 

of the tube plate. The results of different equivalent stresses will be obtained by 

changing different constraints. 

 

2. Evaluation of the strength of the tube plate 

It is one of the main tasks of pressure vessel design to ensure that the stress value of 

each part of the pressure vessel is less than the allowable stress of the material. 

According to the stress range, it can be divided into local stress and total stress. 

According to the nature of stress, it can be divided into primary stress, two time stress 

and peak stress. 

The first stress is to balance the stress produced by the external pressure and the 

mechanical load. The first stress is characterized by "non self limiting", that is, the first 

stress value will increase with the increase of the applied load, and will not stop 

increasing because of the yield limit of the material. When the stress exceeds the yield 

limit of the material, the pressure vessel will be significantly deformed or the container 

will be damaged. In order to establish the relation between stress and stress criterion 

in the structure, in the practical application of the stress analysis design method, the 

first stress is further divided into one volume thin film stress, one local film stress and 

one bending stress according to the difference of its location and distribution. One of 

the total membrane stresses will not redistribute after exceeding the yield limit, and 

eventually lead to structural failure or overall large deformation. So it can be said to 

be the most dangerous to the container. The stress of a local film is relative to the 

stress of a whole film. The influence range is limited to the local area of the structure. 
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It refers to the film composition in the edge effect of the two shell joints, but in the 

standard, the total film stress in the local stress zone, including the overall film stress. 

The primary bending stress is a linear distribution of stresses along the thickness 

required for balancing pressure or other mechanical loads. When entering the yield, 

the stress redistribution can occur at the first bending stress, resulting in the 

improvement of the structural bearing capacity. 

The two stress is a stress that balances the continuous deformation of its own 

structure or the confinement of the adjacent parts. The two stress is not to balance 

the load of the external loading, only to coordinate the deformation caused by the 

load of the external loading, which constitutes a self balancing system itself. The two 

stress is characterized by "self limiting", that is, when the two stress exceeds the yield 

limit, the yield or small plastic flow will occur in the local range, and the two stress will 

satisfy the deformation constraints of the adjacent parts, thus reducing the plastic 

flow. 

The peak stress is the stress increment attached to the primary stress and the two 

stress. It is caused by the local thermal stress or the local structural discontinuity. The 

main feature is the local and self limiting height. It will not cause significant 

deformation, its harm is low, and it may cause fatigue damage or brittle fracture. 

Under the action of repeated loads, if the fatigue crack appears in the two stress 

concentration zone, the vessel may cause the leakage due to the thickness of the 

crack, and even the fracture [10] will occur. 

The analysis and design is marked by the birth of the American pressure vessel 

standard ASME eighth second copies in 1968. The design entry and analysis design 

age of pressure vessels are designed from the traditional rules and empirical formulas 

to the advanced stage based on stress analysis and strength evaluation. The core 

point of the analysis is that the pressure vessel should be subjected to the pressure 

vessel. The force is divided into several categories. According to the different effects 

of different stresses on the safety of pressure vessels, different safety factors are 

adopted to ensure the safety and economy of pressure vessels more accurately, [11]. 

In this paper, the line treatment method is used to evaluate the stress intensity. The 

method of evaluating the stress is as follows: first, the stress treatment line is selected, 

then the stress components are calculated according to the equivalent stress method, 

and the classification principle is carried out according to the principle of stress 

classification, and then the main stress is calculated after linearization. Along the 

evaluation path, the stress is linearized. 

In actual boiler structure, stress classification and strength evaluation are carried out 

on the maximum stress position of tube plate (Fig. 3.20), and then path analysis is 

carried out. 
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Figure 3.20 path analysis diagram 

According to the size of the various stress values that can be obtained from the path 

analysis, the stress intensity is compared and evaluated according to the following 

table 3.2. 

Table 3.2 stress and allowable values 

Project Symbol 
Promise 

value(MPa) 

Actual 

tubesheet(MPa) 

One time local film stress 

strength 
1P  166.5 77.67 

One time bending stress 

intensity 
bP
 166.5 154.19 

A local film stress intensity + 

primary bending stress 

intensity 

2P  166.5 133.4 

One time plus two bending 

stress strength 
3P
 333 324.48 

It can be seen from the above table that the stress of the tube plate is within the 

allowable error range. 

A local film stress intensity of 77.67MPa is less than the allowable value 166.5MPa. 

The bending stress intensity at one time is 154.19MPa, which is less than the allowable 

value 166.5MPa. 

The stress intensity of one local membrane and the first bending stress is 133.4MPa 

less than 166.5MPa. 

The bending stress intensity at one time plus two times is 324.48MPa, which is less 

than the allowable value 333MPa. 

So through the finite element analysis, it can be seen that the stress of tube sheet is 

within the limit of allowable strength. 
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3. Result analysis 

Through the simplified model of the tube plate, the simplified model of the tube plate 

is analyzed by the finite element analysis software. By changing the boundary 

constraints of the tube plate, the tube plates with different boundary constraints are 

solved and calculated. The result is compared with the actual situation of the tube 

plate, and then the actual constraints of the tube plate are obtained. Then through 

the path analysis of the maximum stress value point, the size of each stress value is 

obtained and compared with the allowable value of tubesheet material. So the final 

conclusions drawn from the finite element analysis and the actual boiler structure are 

as follows: 

(1) the axial force of the tube plate in the actual boiler structure is not restricted; the 

maximum value of the equivalent stress is 477.36MPa by the finite element analysis. 

Compared with the analysis results of the tube plate with different constraints, it can 

be seen that the range of the stress of the tube plate is between 413.83MPa and 

505.74MPa, and the corresponding constraint is that the axis of the tube plate is not 

around. Bundles. 

(2) the equivalent stress maximum stress value of tube sheet is analyzed. 

A local film stress intensity of 77.67MPa is less than the allowable value 166.5MPa. 

The bending stress intensity at one time is 154.19MPa, which is less than the allowable 

value 166.5MPa. 

The stress intensity of one local membrane and the first bending stress is 133.4MPa 

less than 166.5MPa. 

The bending stress intensity at one time plus two times is 324.48MPa, which is less 

than the allowable value 333MPa. 

The stress of tube sheet is within the limit of allowable strength, and the strength of 

tube sheet meets the requirements. 
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