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ABSTRACT 

Valves are now widely used to control fluid flow in many industrial equipment. This is why understanding the structure 

of these parts is essential. According to the applications of finite element analysis in most of the fields; the possibility 

of reviewing the operation of this equipment and the effects of its internal fluid flow is provided. In this paper, by 

considering API standard 602 and using numerical software, performance of an industrial bellows valve is studied by 

couple (thermal-mechanical) finite element method. For this purpose, the mentioned bellows valve is studied under 

conditions of normal operating, incidents, emergencies and tests. The results showed that the mechanical and thermal 

stresses acting on all stages of analysis which had been authorized to determine the resistivity of segments in the 

standard conditions were acceptable according to API standard 602. 

Key words: bellows valve, numerical software, API standard 602, couple finite element method, finite element 

analysis 

 

 

1. Introduction 

A bellows valve is a mechanical device 

consisting of several components that aim to 

control the flow and pressure used in a fluid 

flow system or process. This types of valve 

can control fluid flow by breaking or possible 

contact for fluid flow, changes in flow rate 

outlet, direction of flow control outlet, the 

outlet pressure of the fluid flow and direct it 

to hold at any moment. Given the importance 

of these components for piping and fluid 

control in various industries, considering the 

standards for quality of control and assurance 

of components performance in different 
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conditions is needed [1] . Yang et al. [2] 

presented a numerical modeling of fluid flow 

in valves where 8 different types of 

reinforcing steel with various functions were 

examined. Surveys conducted by them on the 

parts of both static and dynamic conditions 

with the aim of quality of control. Recently, 

methods of computation fluid dynamics 

(CFD) saw vast improvements both in the 

field of software engineering and  finite 

element analysis [3, 4]; to improve the 

algorithms for solving Navier-Stokes 

equations used in fluid analysis. As a result 

of these developments, research facilities and 

highly experimental designs on the parts 

controlling fluid flow in finite element 

analysis software are provided. Hamedanian 

et al. [5] designed a control valve to model 

fluid flow and review the stresses on the 

valve using  CFX software. The results were 

compared with they obtained by Fischer 

factory. They showed the appropriate design 

and adequate fluid flow rate for the bellows 

valve. Stars and Glavn [6] used the CFX 

software in their investigations to model fluid 

flow into the valve designed. In this model by 

changing the direction of flow in different 

directions and change of the fluid flow rate to 

more than 15% of the maximum value in real 

terms, the response of stress to the valve is 

studied. Davis [7] presented an accurate 

modeling of fluid flow in three condition  in 

the software CFX and studied the fluid flow 

profile creating tension loads on the parts of 

control valves. The results indicated that this 

method can be varied solid modeling 

software for designing fluid control valves. In 

this paper regarding API standard 602 and 

using analysis software, an industrial valve 

(bellows valve DN 40) is studied by finite 

element method under different working 

conditions. 

 

2. Designing bellows valve using API 

standard 602 

In accordance with the present material 

intended API standard 602 [8], a framework 

is considered for designing a bellows valve 

DN 40 [9]. According to the standard 

requirements, the functions of the different 

stages are presented as Service Level. Each 

of these Service Levels has different ranges 

for various combinations of stresses that have 

been specified in the standard. Design 

condition of valve with a diameter of 2 inches 

in temperature of 250 ℃ and pressure of 2.5 

MPa is considered. Moreover operating 

procedures of valve on the basis of API 

standard 602 is presented in Table 1. (Refer 

Table No.1) 

In this design process, the normal function 

(NOC) is a condition in which the state 
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equipment Activity conducted in regular 

condition requiring to stop the equipment, 

inspect and repair or replace it. 

Circumstances of the accident (AOC) are 

conditions that the equipment activity affects 

the event out of the normal, but that does not 

stop the activity. Emergencies (ES) are the 

conditions in which the equipment activity 

must be stopped and repaired under the 

influence of circumstances. Test conditions 

(Test) are conditions in which test equipment, 

is affected by test pressure which is above 

normal operating pressure. 

 

3. Modeling and analysis of bellows valve  

Designed bellows valve using Ansys 

software is shown in Figure 1. In the process 

of modeling and analysis, the type of 

computational elements are Hex-Dominate 

and Sweep, which the elements are 

rectangular and 6-sided (Hexagonal). (Refer 

Fig.1) 

1.3 Study of normal (NOC) operating 

conditions in modeling 

According to API standard 602conditions in 

normal operating conditions, three types of 

stresses should be presented that are 

examined in Table 2. (Refer Table No.2) 

Since the initial stress is caused by 

mechanical loads and secondary stresses is 

influenced by thermal loads, there is two 

different calculation for the case of a purely 

mechanical load on the equipment (loads 

caused by pressure and mechanical loads 

pipeline) and when the mechanical and 

thermal loads are totally on the equipment. 

Since the tensile, compressive, bending and 

sum of the mentioned stresses , in the case of 

mechanical and thermal loads should be 

compared with the allowable standard, linear 

process of isolation compressive and tensile 

stresses, and peak bending stresses occur. 

NOC mode is intended to check the problem. 

First, when the valve is closed and fluid is 

behind the disk (Figures 2 to 7) and the 

second when the valve is open and fluid is 

within the valve (Figure 8 to 13). 8 quantities 

of boundary conditions and the results of 

analysis and linear tension points of 

maximum tension in Figures 2 to 13 are 

displayed. (Refer Fig.2, 3, 4, 5, 6 or 7). In the 

case of a closed valve with mechanical loads, 

since Membrane stress results are 26 MPa 

and 64 MPa for Membrane in addition 

bending and are well below the limit stress, 

the choice is appropriate. (Refer Fig. 8, 9, 10, 

11, 12, or 13) 

In the case of a closed valve with mechanical 

loads since Membrane stress results are 1 

MPa and 55 MPa for Membrane in addition 

bending and are well below the limit stress, 

the choice is appropriate.  The results 
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presented above for the case that only a 

mechanical load on the valve opening and 

closing mode is entered and σ1 and σ2 results 

in API are compared with standard values. 

When the stress caused by thermal and 

mechanical loads is calculated, the total 

amount of Membrane and Bending stresses 

that as (σ) RV is determined after 

linearization; and is calculated with the API 

standard 602levels. In the figures of 14 to 29, 

thermal and mechanical finite element 

analysis results are then displayed. (Refer 

Fig. 14, 15, 16, 17, 18, 19, 20 or 21) 

In the case of a closed valve with thermal and 

mechanical loads since Membrane in 

addition bending stress results are 122 MPa 

and are well below the limit stress, choice is 

appropriate. (Refer Fig. 22, 23, 24, 25, 26, 

27, 28 or 29) 

In the case of a opened valve with thermal 

loads since Membrane in addition bending 

stress results are 95 MPa and are well below 

the limit stress, the choice is appropriate. 

 

3.2 Study of emergencies (Es) in modeling 

According to API standard 602 emergency in 

normal circumstances, two types of stresses 

should be studied that have been specified in 

Table 3. (Refer Table no.3). The earthquake 

load as Body Force; and the earthquake 

forces and moments should be applied to the 

pipeline. Since the force of the earthquake is 

applied to site 3 and for Static Equivalent 

loads, Zero Period Acceleration which is 0.3 

times the amount must be multiplied by 1.5 

to encompass all the effects of frequency. 

(Refer Fig. 30, 31, 32, 33 or 34) 

In the case of an opened valve with 

earthquake loads since Membrane in addition 

bending stress results are 65 MPa and are 

well below the limit stress the choice is 

appropriate. 

 

3.3 Study of test conditions (Test) in 

modeling 

Under normal conditions of emergency, 

according API standard 602 should be 

examined three types of stresses that have 

been specified in Table 4. (Refer Table No. 

4) 

The test pressure; therefore, is calculated 

from the following: 

 

Since the test temperature is 25 ° C, the test 

pressure of 23 MPa is calculated. Linearized 

stress results in the critical range should be 

compared with the allowable in Table 4. In 

Figures 35 and 36 the results are displayed. 

(Refer Fig.35 or 36) 
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In the case of a closed valve with test loads 

since Membrane in addition bending stress 

results are 25 MPa and 63 MPa and are well 

below the limit stress, the choice is 

appropriate. In the case of an opened valve 

with test loads since Membrane in addition 

bending stress results are 11 MPa and 61 MPa 

and are well below the limit stress, the choice 

is appropriate. (Refer Fig. 37 and 38) 

 

4. Conclusion 

The analysis of bellows valve using ANSYS 

software showed that the device can be 

considered in API standard 602by identifying 

the areas with critical conditions to carry out 

a review and comparison with the critical 

values acceptable standard to spend a 

minimum of time and the cost of ensuring 

product quality. Bellows valve designed 

which is studied in this research was able to 

successfully bear under normal conditions, 

circumstances of the accident, emergency 

and standard test conditions described in in 

API standard 602. 
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LIST OF TABLES: 

 

 

Table 1: Analyzed Service Levels list 

 

Explanation 
Service Level 

name 
Item 

Normal operating 

conditions 

NOC (Normal 

Operating 

Condition) 

1 

Circumstances of 

the accident 

AOC (Abnormal 

Operating 

Condition) 

2 

Emergencies 
ES (Emergency 

Situation) 
3 

Test conditions Test 4 

 

Table 2: List of stress analysis and their stress ranges 
 

 

Range Explanation Tension name Item 

[𝜎] 
Primary membrane 

stress 
(𝜎)1 1 

1.3[𝜎] 
Total primary 

membrane and bending 

stress 
(𝜎)2 2 

(2.5 − 𝑅𝑝0.2
𝑇 /𝑅𝑀

𝑇 )𝑅𝑝0.2
𝑇   

𝑏𝑢𝑡𝑛𝑜𝑡 𝑜𝑣𝑒𝑟 2 𝑅𝑝0.2
𝑇  

Total primary and 

secondary membrane 

and bending stress 
(𝜎)RV 3 
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Table 3: Comparison of two types of stresses in normal circumstances 
 

Range Explanation Tension name Item 

1.4[𝜎] 
Primary membrane 

stress 
(𝜎)1 1 

1.8[𝜎] 
Total primary 

membrane and bending 

stress 
(𝜎)2 2 

 

 

 

 

 

 

Table 4: Comparison of three types of stresses under normal conditions of emergency 
 

Range Explanation Tension name Item 

1.35[𝜎] 
Primary membrane 

stress 
(𝜎)1 1 

1.7[𝜎] 
Total primary 

membrane and bending 

stress 
(𝜎)2 2 

(2.5 − 𝑅𝑝0.2
𝑇 /𝑅𝑀

𝑇 )𝑅𝑝0.2
𝑇   

𝑏𝑢𝑡 𝑛𝑜𝑡 𝑜𝑣𝑒𝑟 2 𝑅𝑝0.2
𝑇  

Primary membrane 

stress in screws 
(σ)mw 3 
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Figure 1: Elements used in finite element analysis 

 

 

Figure 2: The boundary conditions for the closed valve with mechanical loads  
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Figure 3: Amounts of stress intensity for the closed valve with mechanical loads  

 

 

 

 

 
 

 

 

 

Figure 4: Amounts of transformation for the closed valve with mechanical loads  
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Figure 5: Amounts of stress linearization for the closed valve with mechanical loads  

 

 
 

 

 

 

Figure 6: Linearization way for when the closed valve with mechanical loads  
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Figure 7: Amounts of stress in linearization way for the closed valve with mechanical loads  

 

 
 

 

 

 

 

Figure 8: The boundary conditions for opened valve with mechanical loads 
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Figure 9: Amounts of stress intensity for opened valve with mechanical loads  

 

 

 

 
 

 

 

 

 

 

 

Figure 10: Amounts of transformation for opened valve with mechanical loads  
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Figure 11: Amounts of stress linearization for opened valve with mechanical loads  

 

 
 

 

 

 

 

Figure 12: Linearization way for opened valve with mechanical loads  
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Figure 13: Amounts of stress in linearization way for opened valve with mechanical loads  

 

 
 

 

 

Figure 14: The boundary thermal conditions for the closed valve with thermal loads  
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Figure 15: The boundary mechanical conditions for the closed valve with thermal loads  

 

 
 

 

 

 

 

 

Figure 16: Temperature distribution for the closed valve with thermal loads  

 

 
 

 

 



ELK ASIA PACIFIC JOURNAL OF MECHANICAL ENGINEERING RESEARCH 

 

ISSN Online: 2394-9368 Volume 2 Issue 1 (2016) 

                    …………………………………………………………………………………………………… 

 

 

 

 

Figure 17: Amounts of stress intensity for the closed valve with thermal loads  

 

 

 

 
 

 

 

 

Figure 18: Amounts of transformation for the closed valve with thermal loads  

 

 
 

 



ELK ASIA PACIFIC JOURNAL OF MECHANICAL ENGINEERING RESEARCH 

 

ISSN Online: 2394-9368 Volume 2 Issue 1 (2016) 

                    …………………………………………………………………………………………………… 

 

 

 

Figure 19: Amounts of stress linearization for the closed valve with thermal loads  

 

 
 

 

 

 

 

Figure 20: Linearization way for the closed valve with thermal loads  
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Figure 21: Amounts of stress in linearization way for the closed valve and thermal loads  

 

 
 

 

 

Figure 22: The boundary thermal conditions for opened valve with thermal loads  
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Figure 23: The boundary mechanical conditions for opened valve with thermal loads  

 

 
 

 

 

 

 

 

 

 

 

Figure 24: Temperature distribution for opened valve with thermal loads  
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Figure 25: Amounts of stress intensity for opened valve with thermal loads  

 

 
 

 

 

 

 

Figure 26: Amounts of transformation for opened valve with thermal loads  
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Figure 27: Amounts of stress linearization for opened valve with thermal loads 

 
 

 

 

 

 

Figure 28: Linearization way for opened valve with thermal loads  
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Figure 29: Amounts of stress in linearization way for opened valve with thermal loads  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: The boundary mechanical conditions for opened valve with earthquake loads  
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Figure 31: Amounts of stress intensity for opened valve with earthquake loads  

 

 

 

 
 

 

 

Figure 32: Amounts of stress linearization for opened valve with earthquake loads 
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Figure 33: Linearization way for opened valve with earthquake loads  

 

 

 

 
 

 

 

 

 

Figure 34: Amounts of stress in linearization way for opened valve with earthquake loads 
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Figure 35: Amounts of stress linearization for when the valve is closed, and loads are test 

 
 

 

Figure 36: Linearization way for when the valve is closed, and loads are test 
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Figure 37: Amounts of stress linearization for the opened valve with test loads  

 

 
 

 

 

Figure 38: Linearization way for the opened valve with test loads  

 

 

 
 


