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Abstract— In this paper structural analysis and topological optimization of bolted joint 

Flange fitting using Super Austenitic Stainless Steel have been studied in order to 

achieve effective structural design. Flange fittings are used to connect pipes, pumps, 

valves, shafts and supporting structures where the connection between two flanges is 

very prone to corrosion. The failure of one of these connections could cause severe 

damage. In this study FEA analysis has been performed on flange fitting using Super 

Austenitic Stainless Steel. The current work has been initiated from designing a 3D 

model of Flange Fitting in Auto-Cad which then imported to Ansys Design Modeller 

for structural, modal analysis and topological optimization. Static structural analysis is 

usually done for finding overall strength of the design. Equivalent stresses (Von 

Mises), Total deformations and modal analysis on Flange fitting of Alloy steel and 

Super Austenitic Stainless Steel (UNS S31254) have been evaluated for checking the 

stability of the flange fitting. The aim of this study is to reduce the weight of the flange 

fitting using mass reduction as a constraint in topological optimization. A comparative 

result between optimized design and original design has been described within this 

study. 

 

Keywords— Super Austenitic Stainless-Steel, Flange Fitting, Weight Reduction, 
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I.  INTRODUCTION 

A flange is a mechanical part that is used to connect 

trusses, shafts, pipes, pumps, valves and many other piping 

systems. It guides the movement of mechanical parts and 

allows successfully constrained motion to connecting 

components. It adds ease and flexibility in disassembly and 

also provides access to system components. Flange has 

broad area of applications such as in mechanics it is used 

for connecting two sections of large area, in electronic 

devices for holding components tightly such as in Camera, 

while in Plumbing For connecting Pipes and also provides 

strength at the joint [17]. It also transfers momentum, 

power and energy from one component to another 

component. Flanges can be welded together but Bolt 

Connection provides ease of dismantling and also adequate 

amount of yielding strength. A Flanged connection is 

consisted of three parts Flange Fitting, Bolts Nuts and 

Gasket. As we know Flanges play a vital role in supporting 

structures for giving more strength to a connection, so a 

major portion of study has been done on the flange 

regarding Internal stresses, fractures due to cracks, 

nonuniform deformations, galvanic corrosion and strain 

energies.  When attached to a pipe, a flange can also be a 
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plate or ring that forms a rim at the end of the pipe and 

provides smooth and quick installation, regular shape, 

simple constitution and not having the need of field 

welding. As we have seen different types of support 

structures are used to mount boards along highways where 

Aluminium trusses are more common and the road always 

gets topped by Aluminium trusses. Because of the truss 

length, at least one flange connection is necessary and for 

Structural support axial tension and bending moment are 

two common loading in flange connection. Over the time, 

several standard societies have provided the essential 

standards to assure the Flange's adequacy of strength 

against all possible requirements during its service life. 

At the end of the nineteenth century, aluminium became 

popular in engineering applications. Because of the 

difficulties in extracting from its ore, it has never been used 

before. Three industrial advancements in the late 1800s and 

early 1900s increased demand for different metals with 

distinct properties, making aluminium a high priority. The 

advent of internal combustion engines was the first 

development; the second was the necessity for lightweight 

conductive metal for electricity transmission and the 

construction of light structures to support overhead lines; 

and the third was the Wright brothers' introduction of 

airplanes. The aluminium industry grew as a structurally 

sound, fracture-resistant metal as a result of these 

inventions. 

Muhammad Rashid et al. [1] while performing FEM 

analysis on flange coupling using Ansys found that mass of 

flange can be reduced to 53% without effecting its 

functionality to transmit the 10kW power using a 25mm 

shaft made of structural steel. Mass reduction improving 

the number of life cycles of shaft along with bearings. 

P. K. Sonwane et al. [2] concluded that Maximum 

Torsional Shear stress for Shaft, Key, Bolt and Flange is 

slightly less than obtained from Ansys in order helping to 

improve the consumption of material used in 

manufacturing of flange. 

William H. Semke et al. [3] studied the dynamic 

structural response of several piping systems and 

conducted experimental and analytical analyses of a bolted 

flange piping system to identify its dynamic characteristics. 

Result shows an outstanding connection in terms of natural 

frequency prediction. Experimental and analytical FE 

models have shown that it has a nonlinear effect on natural 

frequencies. 

Venkannababu Mendi et al. [11] analysed flange 

coupling through Finite element method and came to a 

conclusion that Crushing stress and Shear stress for Bolts 

and Key obtained from Ansys is less than obtained from 

theoretical calculation.  

II.  OBJECTIVE 

In this paper the objective is to lower the maximum 

Von Mises stresses by selecting the suitable flange fitting 

material. The flange fitting is modelled in Auto-Cad and 

then analyzed in ANSYS Workbench. Based on the 

findings, the present design has been modified to lesser 

weight and improved performance. Final objective is to 

obtain the optimized design with the minimum amount of 

stress, total deformation, and amount of material used. A 

flange, bolt, shaft, and nut make up the basic model. The 

primary aim of the study is to find the best materials that 

satisfies its objectives.  

III. DESIGN SPECIFICATIONS 

ASME (American Society of Mechanical Engineers) 

has developed standard dimensions and codes intended to 

provide design and safety of mechanical component. 

Flanges are classified on the basis of class and NPS. Units 

provided in US customary as well as in metric, diameter of 

flange bolts and bolt holes expressed in inches. In this 

paper flange with rating class designation 150 is 

considered. Classes of Flanges are :150, 300, 400, 600, 

900, 1500. NPS (Nominal Pipe Size): 1/2 NPS to 24 NPS. 

2 NPS flange has been taken so bolt diameter will be 5/8 

inches. Standard Dimensions [13] of Flange and bolts has 

been taken from ASME B16.5-2009 (Pipe Flanges and 

Flanged Fittings) revised edition of 2003 [12].  
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Figure 1. Flange 2D geometry drawn in ANSYS space claim. 

 

Notations: 

Hub Diameter (X) = 78mm 

Core radius of bore of Flange (R) = 8mm 

Length through Hub (Y) = 25 mm 

Inner Diameter of Flange (B) = 62.5 mm 

Outer Diameter of Flange (O) = 150mm   

Flange thickness (tf) = 19.1 mm       

 
Figure 2. Auto-Cad Model of 6-Bolted Joint Flange. 

IV. MATERIAL AND METHODS  

A. Material 

Flange material is always selected from high corrosive 

resistance materials [16]. Generally, Flanges are made up 

of Alloy Steel (Cr-Mo) contains high content of Chromium 

and Molybdenum than Carbon Steel. Alloy Steel has high 

resistance to Temperature and Pressure. It is more resistant 

to corrosion than Carbon Steel. Bolts are also made up of 

Alloy Steel. Now in this study analysis Flange material 

(Alloy Steel) is altered with NAS 185N (UNS S31254). 

Where NAS 185N is a High Corrosion Resistant Austenitic 

Stainless Steel and contains high Chromium, high 

Molybdenum, high nickel [15]. Corrosion resistance is 

excellent even in severe atmospheric condition. As 

compared to Ni Alloy and Pure Titanium and this Stainless 

steel has high economy and corrosion resistance.  

Material Data  

UNS S31254 

TABLE I. 

PROPERTIES OF SUPER AUSTENITIC STAINLESS STEEL (UNS S31254). 

Density 8.02 g/cm3 

Young’s Modulus 1.97 x 10 11 Pa 

Poisson’s Ratio 0.28 

Bulk Modulus 1.492 x 10 11 Pa 

Shear Modulus 7.695 x 10 10 Pa 

Tensile Yield Strength 650 MPa 

 

Stainless Steel 

TABLE II. 

PROPERTIES OF STAINLESS STEEL. 

Density 7.75 g/cm3 

Young’s Modulus 1.93 x 10 11 Pa 

Poisson’s Ratio 0.31 

Bulk Modulus 1.693 x 10 11 Pa 

Shear Modulus 7.36 x 10 10 Pa 

Tensile Yield Strength 207 MPa 
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B. Methods 

The FEM analysis of flange fitting can be done from 

ANSYS, 3D Model of Flange has been designed in Auto-

Cad, dimensions have been taken from ASME B16.5 paper 

2009, imparted to ANSYS Workbench. Firstly, static 

structural menu dragged from analysis system to project 

schematic space then material inserted in to the 

Engineering Data either from internally stored data book or 

add new material properties [9]. Now, Geometry either 

modelled in Design Modeler or imported from any 

Designing software such as Auto-Cad, Solid Works, Catia 

and Pro-E after that material assignment has been done to 

every part of model, Super Austenitic Stainless Steel and 

Structural Steel has been assigned to Flange and Nut-Bolts 

respectively. In case of surface geometry thickness need to 

be provided, further fine adaptive meshing of element of 

size 1 mm has been performed and boundary conditions 

such as loads have been applied. At last Flange has been 

solved from Mechanical APDL solver for Total 

deformations, Von-Mises Stress, Modal Analysis and 

Topological Optimized structure.  

 

Figure 3. Triangular element FE model. 

Loadings. Direction and Magnitude  

In this paper truss flange has been studied so axial force 

and bending moment would be dominating loads. 

Geometry has two flanges connected through Bolted Joint 

having 6 Nuts-Bolts [14]. Bolts tightened enough to 

stabilize the flange connection. Bolts are manufactured 

from stainless steel. Due to bolts existence in the flange, 

pretension (Compressive) loads were found [10] and 

boundary conditions (loads) have been taken from a 

previous research paper.  

 

Figure 4. Board Hoarding Truss Span over Roads. 

 

 

Figure 5.  Loaded Geometry. 

TABLE III. 

TYPE OF LOADS ACTING ON BOLTED JOINT FLANGE CONNECTION. 

Components  Load Type  Nature of Load  Load (Unit)  

Bolt Number 1  Pretension  Compressive  59028 N  

Bolt Number 2  Pretension  Compressive  59028 N  

Bolt Number 3  Pretension  Compressive  59028 N  

Bolt Number 4  Pretension  Compressive  59028 N  

Bolt Number 5  Pretension  Compressive  59028 N  

Bolt Number 6  Pretension  Compressive  59028 N  

Flange Fitting Bending 

Moment  

Sagging  225.97 Nm  

Truss  Shear force  Horizontal and 

Axial  

4459.10 N  

 

V.  ANALYSIS 

To know the physical behaviour of any geometry under 

different types of loads and fluids, experiment work needs 

to be required that is not very easy task or even time and 

money consuming, so for high accuracy within the less 

time, analysis is done through various Software [8]. In this 

study analysis has been done with the use of ANSYS 13 

which is a software package for finite element analysis that 

can be utilised for a multitude of purposes. Finite Element 

Analysis is a numerical method for breaking the complex 

system into its component elements. 
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A. Static Structural Analysis   

It is used to determine the value of stresses, 

deformations, strains, strain energies under static loading 

condition. ANSYS used for evaluating the linear and non-

linear static analyses [7]. In static analysis several 

properties of material are needed such as Poisson’s ratio 

and young’s modulus. After applying load over the 

geometry, desired results needed to be inserted under 

solution option and then solved it through Mechanical 

APDL. When varying loads act on model then the dynamic 

analysis is performed. Modal analysis is one of the 

dynamic analyses which is also proceeded in this paper. 

B. Modal Analysis 

Modal analysis is mainly used for determining the 

vibration properties of a machine or structure component, 

such as mode shapes and natural frequencies, and use them 

to form a mathematical model for its dynamic 

characteristics. The modal data is the information about the 

characteristics, and the mathematical model that has been 

created is referred to as the modal model of the system. A 

more comprehensive dynamic study, such as a harmonic 

response or a full transient dynamic analysis, can start with 

a modal analysis. While modal analysis is one of the most 

fundamental types of dynamic analysis in ANSYS, it can 

take more time to calculate than a standard static analysis. 

To significantly minimize the problem size and solution 

time, a reduced solver is utilized, which leverages 

automatically or manually generated master degrees of 

freedom. 

VI.  RESULTS AND DISCUSSIONS 

After analyzing the Flange using ANSYS R13, 

Maximum to Minimum values of total deformation, Von 

mises stresses, Total deformation in different mode shapes 

and an optimized shape have been achieved, the unit of 

total deformation is in millimeter and unit of Von mises 

stress is MPa. In the Geometric view of Ansys window at 

the left side there shown one spectrum of colours which is 

describing the position and value of deformations and 

stresses at different nodes in geometry. Red colour zone 

showing maximum total deformations while blue zone is 

showing minimum total deformations. 

A. Static Structural Analysis Results 

 

Figure 6. (a)  Total Deformation. 

 

Figure 6. (b) Equivalent (Von-Mises) Stress. 

 

TABLE IV. 

Max and Min Total Deformation and Equivalent Stress in Static Loading 

Condition. 

S. No  Result Criteria  Maximum  Minimum  

1  Total Deformation (mm)  0.21299  0  

2  Equivalent Stress (MPa)  902.52  0.00021071  

 

B. Modal Analysis Results 

Under application of dynamic loads, shape of the 

geometry changes and fluctuates at natural frequency, 

different types of shape mode have been achieved [6]. In 

this study 6 different type of Mode shapes of flange at 

different natural frequencies have been shown below. 

 
(a) 
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(b) 

 

 
 

(c) 

 

 

 
 

(d)  

 

 
 

(e)                                                                                       

 

 
 

(f) 

 
Figure 7. (a) to (e) 6 different mode shapes at 6 different natural 

frequencies. 

 

TABLE V. 
MAX TOTAL DEFORMATION IN DIFFERENT MODE SHAPE AT 

CORRESPONDING FREQUENCY. 

Mode Shape Frequency (Hz) Max Total Deformation (mm) 

Mode Shape 1 1878.10 12.526 

Mode Shape 2 1177.90 35.091 

Mode Shape 3 1177.90 35.105 

Mode Shape 4 686.49 17.444 

Mode Shape 5 248.45 24.045 

Mode Shape 6 248.44 24.048 

 

 
Figure 8. Maximum Total Deformation at six different mode shapes. 

 

 
Figure 9. Frequency at six different mode shapes. 
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C. Topological Optimized Geometry  

Over the past time, civil and mechanical engineers 

intending to reduce the weight of already designed 

structures while retaining mechanical properties and 

strength on employing topology optimization. Topological 

optimization is a mathematical/analytical technique for 

optimizing the spatial distribution of materials within a 

specific domain. In this paper, optimization of Flange has 

been done in order to get efficient design. Mass reduction 

is the selected constrained and consequently 50% weight 

reduction of the original design has been achieved through 

ANSYS.  

 

Figure 10. Optimized Design of Flange after 50% weight reduction. 

VII.  CONCLUSIONS 

Static structural analysis, Modal Analysis and 

Topological Optimization of Flange using super austenitic 

stainless steel has been achieved. While studying the 

previous papers, Flange material used and analyzed was 

Alloy steel, but in this study, analysis has been done on 

material which is having high yielding strength and having 

high corrosion resistant. In result values of deformation and 

stresses in are quite lesser as compared to Alloy steel and 

to compensate the high economical value of Super 

Austenitic Stainless-Steel Optimization has been done. 

Consequently, performance has been increases with respect 

to yielding and corrosion in same economy.  
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