
International Journal For Technological Research In Engineering 

Volume 2, Issue 9, May-2015                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2015.All rights reserved.                                                                          1991 
 

FINITE ELEMENT ANALYSIS OFANGLE ACTING VALVE 

COMPONENT 
 

Urvil Pravinbhai Patel
1
, Rahul Rakeshbhai Patel

2
, Jay Niteshbhai Pathak

3
, Bhavin Pandya

4
 

1,2,3
Student 8

th
 Sem, 

4
Assistant Professor 

Mechanical Engineering Department, KJIT Savli 

 
 

ABSTRACT: FEA is a computerized numerical technique 

that aims at arriving at the behavioural solution of a system 

under any kind of external/internal loading with a specific 

set of geometrical and material characteristics deciding its 

behaviour.“It is a technique with which we can determine 

the stresses and deflection in a component” Finite element 

analysis is a way to stimulate loading conditions on a 

design and determine the design’s response to those 

conditions. A finite element model is a discrete 

representation of the continuous, physical part being 

analysed. This representation is created using nodes, which 

are connected together to form elements. 

 

I. INTRODUCTION 

The design and development of valves sustains usual 

problems like High distortion under pressure, Failure due to 

High stress, over design in components for attaining strength, 

inaccurate actuation pressure differential, amateur discharge, 

etc. The valves are manufactured according to design and in 

case the problem still prevails, the entire stock of 

manufactured valves is rejected. Repeated design 

modification, manufacturing and testing is required before 
marketing the valves. The entire process is time consuming 

and requires lots of raw material, machining, finance, and 

manpower. Thus FEA is technique to test components before 

manufacturing. Operator 90 is an angle acting seat valve 

which can be single acting angle seat or double acting angle 

seat. It is connected with any type of solenoid valve through 

which air under pressure enters into operation 90. This 

pressure air causes the movement of piston which will open 

and close valve seat. It is used to normally open and normally 

close seat of valve for through which any type of media can 

pass through. 
MEDIA: Steam, air, oil, water, liquid. 

 
 

 

 
COMPONENTS FUNCTION AND DESIGN 

REQUIREMENT: 

Lower chamber where solenoid actuate ID mounted: 

 
 

II. LOWER CHAMBER 

FUNCTION: This forms the main lower part of the valve 

body. The main function of this part is to form the closed 

housing of valve, Input and output ports for air from 

pneumatic cylinder or compressor.  
DESIGN REQUIREMENT:  This part need to withstand 

high pressure as high as 15 Bar and a temperature range of -

20 degree Celsius to 120 degree Celsius. Presently a 

distortion along the diameter of body is observed under 

operating conditions which causes leakage and failure of the 

body. 

Upper cap of operator 90: 
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FUNCTION: This forms the main upper part of valve body 

and gets assembled with lower part be means of threads. The 

main function of this component is to encapsulate the 

solenoid actuated valve and close the structure to enclose and 

with stand high pressure in case of leakage or blast. 

DESIGN REQUIREMENT: The main function being to 

encapsulate the solenoid it is necessary that the thread 

engagement is not disrupted causing leakage under high 

pressure and temperature. Along with that, this part needs to 

withstand high pressure as high as 15 Bar and a temperature 
range of -20 degree Celsius to 120 degree Celsius. 

 

III. TERMINILOGIES RELATED TO FEA 

A. DEGREE OF FREEDOM: 

The DOF is important to understand in determining how 

loads can be applied, how boundary conditions restrain the 

model and how different element types need to be connected 

together. A translational DOF indicates that forces are 

transmitted through the nodes and a rotational DOF indicates 

that moments are transmitted through the nodes. For 

example, two-dimensional (2-D) elements only have 
translational DOFs.  

 
 

IV. CONTACTS 

When two separate surfaces touch each other such that they 

become mutually tangent, they are said to be in contact. 
Contact is changing-status nonlinearity.  That is, the stiffness 

of the system depends on the contact status, whether parts are 

touching or separated. There were five contacts in operator 

90 (Angle acting seat valve component). 

 
Bonded Contact:  Bonded contact: Bonded contact: 

Indicator dome & Operator cover   Operator cover & Lower 

body   Hex angle & sleeve angle 

 
Bonded contact: Shaft angle & Hex angle  

Bonded contact: Sleeve angle & lower body 

 
NODES: 

FEA uses a complex system of points called nodes which 

make a grid called a mesh. This mesh is programmed to 

contain the material and structural properties which define 

how the structure will react to certain loading conditions. 

Nodes are assigned at a certain density throughout the 
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material depending on the anticipated stress levels of a 

particular area. Regions which will receive large amounts of 

stress usually have a higher node density than those which 

experience little or no stress. Points of interest may consist 
of: fracture point of previously tested material, fillets, 

corners, complex detail, and high stress areas. The mesh acts 

like a spider web in that from each node, there extends a 

mesh element to each of the adjacent nodes. This web of 

vectors is what carries the material properties to the object, 

creating many elements.  

 

ELEMENTS: 

When two nodes get combine the form an element. Nodes are 

similar to the points in geometry and represent the corner 

points of an element. The element shape can be changed by 

moving the nodes in space. Element is an entity into which 
the system under study is divided.An element shape is 

specified by nodes. The shape (area, length, and volume) of 

an element depends on the nodes with which it is made.  

 
LOADING AND BOUNDARY CONDITIONS: 

Boundary Conditions: the loads and constraints that represent 

the effect of the surrounding environment on the model. 

(Everything else that you have not modelled)  

Types of Boundary Conditions: constraints and loads.  

Loads: forces, moments, pressures, temperatures, 

accelerations. Constraints: Resist the deformations induced 

by the loads. Pressure is uniform and acts normal to a face at 

all locations on the face. A positive value for pressure acts 

into the face, compressing the solid body. If you select 

multiple faces when defining the pressure, the same pressure 

value gets applied to all selected faces. If a constant 

pressurized face enlarges due to a change in CAD 

parameters, the total load applied to the face increases, but 

the pressure (force per unit area) value remains constant. 
Pressure of 15 Bar (1.47 MPa) is applied at all the inner 

faces of Operator 90 in order to simulate the blast pressure: 

 
BASELINE DESIGN OF OPERATOR 90: 
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V. MAXIMUN DEFORMATION 

This deformation is more than acceptable limit as it causes 

disengagement between threading of lower chamber and 

cover. As a result, leakage and failure may occur. Design of 

lower chamber and upper cover needs to be made stiffer 

along this direction. 

 
STRESS DEVELOPED SHOWN BY RED COLOUR: 

 
The Design of Upper Cover in Operator 90 Shows High 

stress zones on the ribs which are crossing the yield limit. 

The design of the ribs needs to be modified to increase the 

strength of part against internal pressure.According to the 

Results the Hot spot located at the Ribs location is due to 

tension being produced at the Roots of Ribs in cover due to 

Internal Pressure. The Cover Deforms towards outward 

direction in an expanding nature.  
DESIGN WITH INCRESED RIB THICKNESS(Modified 

design): 

The Design of Rib was modified in such a way that the roots 

had enough stiffness and strength to withstand the internal 

Pressure and resist the force with minimal deformation in 

order to prevent leakage, thus conforming to the Design 

Standards. 

ACME THREADS: The Acme Threads used between 

Operator 90 Lower body and cover provided adequate 

contact pressure under the effect of internal pressure in order 

to prevent any kind of leakage.  

 
OLD DESIGN, NEW DESIGN 

 
ACME THREAD 
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STRESS: 

 
VON MISES STRESS, MAXIMUM PRINCIPAL STRESS 

 

VI. CONCLUSION 

Based on the FE results it was observed that the Final 

Revision has lesser total and directional deformation as 

compared to the baseline model and other revisions. In 

addition to that, the stress levels have considerably decreased 
below the yield limit at all the locations it was important to 

make sure that the FEA method and Model generated is 

correct by correlating the Fe results of Baseline Model with 

actual Test results. Therefore, attest set up for Hydro Test 

was done and it was observed that the FE results are 

matching the test results and the Design may be approved for 

Prototyping and Testing. 

 
VII. APPLICATIONS 

Air Drying Equipment, Bottling & Dispensing Equipment, 

Chemical & Petrochemical Industries, Coolant Control for 

Machine Tool, Fuel, Ink & Paint Dispensing, Industrial 

Compressor, Laundry Equipment, Nuclear Energy, Power 

Generation, Paper & Pulp Industries, PSA Plants, 

Pharmaceutical, Steam, Textile Dyeing & Drying, etc. 

 


