
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 12, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 454 

Finite Element Analysis of Pressure Vessel Support Frame 

M. R. Vankhande1 Mr. G. N. Sargule2 A. P. Shrotri3 P. P. Awate4 

1,2PG Student 3Associate Professor 4Assistant Professor 
1,2,3,4Department of Mechanical Engineering 

1,2,3,4PVPIT Budhgaon Dist. Sangli. MH. India

Abstract— There are many types of structures all around us. 

Each structure has a specific purpose or function. Some 

structures are simple, while others are complex; however 

there are two basic principles of composing structures.  They 

must be capable of carrying the loads that they are designed 

for without collapsing. They must support the various parts 

of the external load in the correct relative position. A 

structure refers to a system with connected parts used to 

support a load. Some examples related to civil engineering 

are buildings, bridges and towers. However, these structures 

are very complex for analyze and design. At first, we will 

consider simple examples of structures and parts of structures 

like beams, trusses, frames etc. The frame discussed in this 

paper is designed with conventional CAD design practices 

and then analyzed statically with FEA software. The analysis 

was carried out to determine the induced stresses and the 

deflections at various locations on proposed frame. The 

structure was optimized to reduce weight. In this project the 

Finite Element Analysis of skid Frame for Rigidity is been 

carried out. The base frame is analyzed using hyper mesh 

and ANSYS software. The static loads are applied on the 

frame and analysis is carried out. The test is carried out to 

check the conformance of the existing design. The skid base 

frame is modified for making a stiffer design within the 

allowable stress limits. 
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I. INTRODUCTION 

A pressure vessel is a closed container designed to hold 

gases or liquids at a pressure substantially different from the 

ambient pressure. The pressure differential is dangerous, and 

fatal accidents have occurred in the history of pressure 

vessel development and operation. Consequently, pressure 

vessel design, manufacture, and operation are regulated by 

engineering authorities backed by legislation. For these 

reasons, the definition of a pressure vessel varies from 

country to country, but involves parameters such as 

maximum safe operating pressure and temperature, and are 

engineered with a safety factor, corrosion allowance, 

minimum design temperature (for brittle fracture), and 

involve nondestructive testing, such as ultrasonic testing, 

radiography, and pressure tests, usually involving water, 

also known as a hydro test, but could be pneumatically 

tested involving air or another gas. 

A. Pressure Vessel Support Frame 

Pressure vessel support frame is a structural assembly 

consisting of beams of various cross sections and 

dimensions. The sections used may be of equal dimensions 

and cross sections, or a combination can be used for 

optimum strength and weight. The sections can be of IS 

standard dimensions or custom made. Placement of beams is 

done in such a way that all the footprints of the components 

are covered. Different arrangements for assembly lifting (for 

e.g. hook lifting lugs, fork lifting insertion passages) are 

provided in the skid frame. The frame was designed and 

analyzed for 3g loading under both hook lifting and fork 

lifting process. For sufficiently lower values of deflection (< 

2.5 mm), and higher value of FOS(> 1.15), the structure was 

redesigned using thinner and smaller IS standard sections. 

The skid frame consists of the space frame with I 

channel Section, and eight support strut with hollow square 

section, placed at the equal span. Stress analysis using Finite 

Element Method (FEM) can be used to locate the critical 

point which has the highest stress. This critical point is one 

of the factors that may cause the fatigue failure. The 

magnitude of the stress can be used to predict the life span 

of the skid. So, it should be reduced. 

 
Fig. 1: Support frame of a pressure vessel 

B. Finite Element Analysis 

Finite element method has become a very powerful tool for 

a wide range of engineering problems. Applications range 

from deformation and stress analysis of automotive, aircraft, 

building and bridge structures. 

In this method of analysis, a complex region 

defining a continuum is discredited into simple geometric 

shapes called finite elements. The element material property 

and the governing relationships are considered over these 

elements and expressed in terms of unknown values at 

nodes. An assembly process, duly considering the loading 

and constraints, results in the set of equations. Solution of 

this equation gives an approximate behavior of the 

continuum. 

C. Steps in FEM 

The following are the steps involved in F.E.M:  

1) Modeling 

The first step in FEM is to model the given body or region 

so as to enable one to discretize the region of interest. As an 

example, a uniformly varying bar can be modeled to a 

stepped bar. Majority of the practical problems is modeled 

before discretization.  

2) Discretization of the structure 

The second step of FEM is to consider discretization of 

structure into sub-divisions called finite elements. These 

elements are considered to be interconnected at nodes. The 
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size, type, number and arrangement of such finite elements 

are decided based on factors such as discontinuity or abrupt 

change in structure, type of loading, degree of accuracy 

required, etc. these parameters are carefully selected so the 

original domain is stimulated as closely as possible without 

increasing the computational effort needed for solution.  

3) Derivation of element displacement models 

Since the actual variation of field variables such as 

temperature, pressure, stress, displacements, etc. are 

unknown inside the continuum; simple functions are 

assumed to represent the field variables within the element. 

The assumed functions will usually be interpolating 

functions, which must satisfy the convergence conditions. 

To satisfy the convergence requirements, these functions  

 Must be continuous within the element.  

 Must contain rigid body displacements.  

 Must contain constant strain states.  

4) Derivation of element stiffness matrix 

The characteristics stiffness matrix [K] and the driving 

force/load vectors [f] are to be derived by using either 

equilibrium conditions or suitable variation principle. In 

case of continuum problems such as fluid dynamics the 

terms used are characteristics matrix and driving force 

vector whereas, in case of elasticity problem, the respective 

quantities are referred as stiffness matrix and load vectors. 

Assembly of elemental equations to obtain overall 

equilibrium equations, 

The equilibrium equations for the entire region are 

obtained by combining the equations for the individual 

elements in such a way that continuity of displacement / 

field variables is prescribed at the interconnecting nodes. 

The derived characteristics of stiffness matrices and load 

vectors are assembled in a suitable manner and overall 

equilibrium equations are formulated as,  

[K] [q] = [F] 

Where,  

[K] = global stiffness matrix  

[q] = global displacement matrix  

[F] = global force matrix 

5) Solution of unknown nodal displacement/Field variables 

In this step, boundary conditions are incorporate and global 

displacements are obtains by solution of equilibrium 

equations using techniques such as “GAUSS ELIMATION” 

method etc. 

6) Computation of results 

From the solved nodal displacements, the result / element 

strains and stresses are calculated using classical relations. 

Finite Element Analysis using HYPERMESH. 

D. General outline of FEA 

1) Preprocessing 

The preprocessing consists of initial data input before 

processing for solution. It consist of defining scalar 

parameters, model generation, element types and various 

material properties, mesh sensitivity analysis, loading 

condition etc. The preprocessing consists of all information 

about working condition about part and its environment. 

2) Defining Element Type and Material Property 

For the wishbone suspension system before doing the 

meshing, first select the element type. Meshing is done 

using the HYPERMESH software. Element type selection 

depends on three possibilities. - Geometry size & shape of 

element, types of analysis and time allotted to project. There 

are three types of element 1D, 2D&3D. The element type 

used for crankshaft is solid 3D.In 3D meshing four types of 

element shapes are available. These are Tetra, Penta, Hex, 

and Pyramid. For the analysis of crankshaft the tetra element 

shape is used. Tetra element has four nodes. Solid 3D tetra 

element has only three translations degree of freedom in the 

x, y, and z directions. Tetra element has no rotational degree 

of freedom. A tetrahedral-shaped, prism shaped and a 

pyramid-shaped element can be formed. In the meshing of 

wishbone suspension system tetrahedral element is used. 

The material property inputs for analysis of 

wishbone system are given below. 

 Young’s modulus, 

 Poisson’s ratio and 

 Density 

 Yield strength 

3) Defining Mesh Size and Quality Checking 

Any continuous object has infinite degrees of freedom and 

it’s just not possible to solve the problem in this format. 

Finite element method reduces degrees of freedom from 

infinite to finite with the help of discretization that is 

Meshing (Nodes and Element).Mesh generation refers to 

representation of solution domain as an assemblage of small 

domain whose geometrical properties are known. Mesh size 

is the element edge length which is required to define earlier 

to meshing. Large element edge length give coarse mesh, 

while small element edge length gives fine mesh. Fine 

element edge length gives accurate results but takes more 

computation time. 

To recognize the effect of element size on the 

results of solution, mesh size sensitivity analyses are carried 

out. These analyses are performed iteratively at different 

element lengths until the solution obtained appropriate 

accurate. This is also called grid independent stage. Grid 

independent stage is the mesh element size at which the 

solution of load steps is independent of mesh size, below 

this size if mesh size is reduced then the solution does not 

change with changing mesh size. This stage is achieved by 

solving the problem at various element sizes for the same 

load steps and the resulted von misses stresses are observed 

for various mesh sizes. This is repeated cyclically by 

refining the element edge size and solving the solution and 

getting von mises stresses, again refine the mesh and so on. 

Finally the stage at which the von mises stresses remains 

unchanged with varying mesh size is achieved. This element 

edge length size is called grid independent size and this 

stage is called grid independent stage. 

4) Quality Checks Used for Both 2-D and 3-D Elements 

These checks apply to both types of elements, but when 

applied to 3-D elements they are generally applied to each 

face of the element. The value of the worst face is reported 

as the 3-D element’s overall quality value. 

5) Warp Angle 

Ii is defining as angle between normal to two planes formed 

by splitting the quad element along diagonals. Maximum 

angle out of the two possibilities is reported as warp angle as 

shown in Fig.7. 

Ideal value = 0° (acceptable < 10°). 
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Fig. 2: Warp angle of element 

6) Aspect Ratio 

Maximum element edge length to the minimum element 

edge length.  

Ideal value = 1 (Acceptable < 5). 

7) Skew 

Skew for quadrilateral element = 90° - Minimum angle 

between two lines joining opposite mid-side of the element. 

Skew for triangular element = 90° - Minimum angle 

between the lines from each node to the opposing mid-side 

and between the two adjacent mid-sides at each node of the 

element as shown in Fig. 8 

 
Fig. 3: Skew angle on the element 

8) Jacobian 

It is a scale factor arising because of transformation of co-

ordinate system. Elements are transformed from global 

coordinates to local coordinates (defined at centroid of every 

element), from faster analysis point of view. 

Ideal value = 1.0 (Acceptable > 0.6) 

9) Included Angle 

Skew is based on overall shape of element and it does not 

take in to account individual angle of quadrilateral or 

triangular element. Included angle check is applied for 

individual angle. 

Quadrilateral: Ideal value = 90° (Acceptable = 45° <θ < 

135°) 

Triangle: Ideal value = 60° (Acceptable = 20° <θ < 120°) 

10) Minimum Length / Size 

The shortest edge (in which the length of the shortest edge 

of each element is used) and the height to closest node are 

shown in Fig.8 In the height to closest node method, 

HYPERMESH calculates the closest (perpendicular) 

distances to the planes formed by the opposite faces for each 

corner node. 

 
Fig. 4: No. Shortest edge of the element 

E. Design data and structural drawings of pressure vessel 

support frame 

1) Design Data 

Sr. No. Material properties Value 

1 Young’s Modulus, E 2.1x10ˆ5MPa 

2 Poisson’s Ratio, ν 0.3 

3 Density, ρ 7850 kg/mˆ3 

4 Yield Stress, σ 248 MPa 

5 Ultimate Tensile Stress, σ uts 410 MPa 

Table 1: Design Data 

 
Fig. 5: Structural Drawings 

 

 
Fig. 6: M.S Material Properties 
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Fig. 7: CAD model of pressure vessel support frame 

2) Meshed model of pressure vessel support frame 

 
Fig. 8: Meshed model of pressure vessel support frame 

The prepared CAD skid frame is imported in hyper mesh 

and then geometry cleanup is carried out. The smallest fillet 

or the geometry is considered for defining the meshing size 

of the element. The skid frame is meshed with 2D elements 

at first to create an enclosure with the elements. Then using 

the 2D elements 3D tetra elements were created. The 

tetrahedral elements were checked for mesh quality. 

3) Boundary condition 

The boundary conditions on the skid frame will be applied 

on the meshed model. The frame is constrained at the base 

arresting all degrees of freedom as shown in the below 

figure. 

 
Fig. 9: boundary conditions 

4) Self-Weight Condition 

The self-weight of the pressure vessel along with the 

operating pressure is added on the frame on the supporting 

lugs. These are modeled in hyper mesh with the help of 

Rigid which transfers the load applied to the elements. The 

Force applied is as shown in the figure below, 

 
Fig. 10: Shows deformation diagram for skid frame in self-

weight condition and its value is 0.0239 

5) Full Load Condition 

The meshed model is again applied full loading conditions 

or the loading conditions under operating situation. 

 

 
Fig. 11: Stress results of pressure vessel support frame of 

full load condition 
The maximum value for von-mises stress is 

85.29MPa 

 
Fig. 12: Above figure shows deformation in pressure vessel 

support frame. 

6) FEA Results 

Sr. 

No. 

Parameters of 

results 

Min 

value 

Max 

value 
Deformation 

1 
Stresses in 

Iteration No.1 
0.0632 79.91 0.56 

2 
Stresses in 

Iteration No.2 
0.0632 82.28 0.50 

3 
Stresses in 

Iteration No.3 
0.0765 86.89 0.68 

4 
Stresses in 

Iteration No.4 
0.0755 87.47 0.67 

Table 2: (Stress variation from ANSYS analysis) 

Deformation value is 0.67 mm. and maximum 

stress value is 87.47MPa  
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Sr. No. Load (in N) Deformation 

1 1870 0.073 

Table 3: Experimental results 

From experimental results and FEA results, 

(Note: we take scale down deformation value of 

FEA results, i.e. 0.067)  

Sr. No. Skid Frame Weight (kg) 

1 Existing 3536.33 

2 Iteration- 1 3165.01 

3 Iteration- 2 3084.69 

4 Iteration- 3 3067.93 

5 Iteration- 4 3008.38 

6 Scaled Model 3 

Table 4: weight reduction 

Percentage Error = (Experimental - FEA) / Experimental 

= (0. 073- 0.067) / 0.073 = 6.84 % 

7) Weight Reduction 

Weight is reduced by 527.95 Kg 

Percentage Reduction = (Existing -Iteration_4) / Existing = 

(3536.33 - 3008.38)/ 3536.33 = 14.92 % 

8) Material Cost Reduction 

M.S. cost per kg.150 Rs /kg  

Existing 530499 Rs 

Optimized 451257 Rs 

Table 5: Material Cost reduction 

II. CONCLUSION 

 FEA analysis on the existing component is performed 

and the optimization has been done. 

 Fabrication of skid frame was done with 1:10 scaling 

factor and testing of the same are performed.  

 FEA and experimental results show convergence with 

acceptable error. 

 It can be concluded that the weight reduction of 14.9% 

is observed in optimized model of skid frame without 

compromising over its strength hence the objective is 

achieved. 
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