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Abstract— Companion flange is used as assembly part with 

universal drive shafts in vehicle transmission system. It 

allows connection of a flange yoke to another type of 

connection, for proper torque transfer. The current work 

studies the various researches conducted in optimizing 

design and material of companion flange using numerical 

and experimental techniques. The study also includes 

manufacturing process involved, stresses and application of 

FEA software in analysis of companion flange. 
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I. INTRODUCTION 

An automotive drive shaft transmits power from the engine 

to the differential gear of a rear wheel drive vehicle. The 

drive shaft is usually manufactured in two pieces to increase 

the fundamental bending natural frequency because the 

bending natural frequency of a shaft is inversely 

proportional to the square of beam length and proportional 

to the square root of specific modulus which increases the 

total weight of an automotive vehicle and decreases fuel 

efficiency. So, a single piece drive shaft is preferred here 

and the material considered is to be stainless steel because 

of its high strength.  

 
Fig. 1: Companion Flange 

Drive shafts are carriers of torque and are subject to torsion 

and shear stress, equivalent to the difference between the 

input torque and the load. They must therefore be strong 

enough to bear the stress. Companion flanges can be 

supplied as individual components or as assemblies with 

universal drive shafts. It allows connection of a flange yoke 

to another type of connection, for proper torque transfer. 

II. LITERATURE REVIEW 

M.Abid [1] discussed on parametric study of behavior of 

flanges with different surface profiles. Stresses in flanges 

and bolts are obtained by varying flange thickness, taper 

angle and bolt prestress but keeping the flange dimensions 

(hub length and hub thickness) constant. He concludes that, 

to achieve ‘no-leak’ condition from a flange joint, a flange 

having positive taper angle, elliptical hub, and thickness at 

least six times the bolt diameter is required.  

 
Fig. 2: Flanges with different surface profiles [1] 

Vishwanath V. H [2] discussed analysis of Bolted 

flange connections by implementing the design method for 

gasketed bolted flanged connections as per ASME Boiler 

and Pressure Vessel Code and validated the results with 

finite element analysis software ANSYS.  Axial, radial and 

tangential stresses are obtained by varying flange thickness 

from 44.4 mm to 55 mm; bolt preloads are varied from 35 % 

of yield strength to 75% in step of 5% and to obtain uniform 

stress numbers of bolts are varied from 6, 8 and 12 bolts. 

 
Fig. 3: Stresses in Flange [2] 
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Toshiyuki [3] discussed   the characteristics of a 

pipe flange connection with a spiral-wound gasket. The 

contact stress distribution and the new gasket constants are 

obtained by using the axi-symmetrical theory of elasticity 

and the finite element analysis taking account a hysteresis 

and non-linearity of the gasket. The experiments were also 

conducted to measure an amount of gas leakage and a 

variation in axial bolt force, in results it was found that 

contact stress distribution tends to be uniform as Young’s 

modulus of the gasket decreases and the gasket thickness 

increases. stress distributions in the pipe flange connections 

were analyzed by using FEM. 

 
Fig. 4: A pipe flange connection with a spiral-wound gasket 

subjected to internal pressure [3] 

Hichem Galai et al. [4] proposed an analytical 

model of metal-to-metal contact flange joints beyond the 

bolt circle. It provides additional considerations compared to 

the other method developed by them while designing 

flanges. Besides being more comprehensive, the model 

based on the plate theory gives more confidence on its 

ability to predict flange separation and increase in the bolt 

load during operation.  

Koji Kondo et al. [5] focused their study on the 

tightening coefficient developed by the impact of wrenches 

and bolt preload. A finite element analysis approach was 

used to determine the gasket stress during bolt tightening 

and results are compared with fundamental gasket 

characteristics. The experiments were conducted and bolt 

forces are measured during tightening process and evaluated 

the sealing performance using the bubble leak testing.   

G. Mathan et al. [6] conducted experiments on 

gasketed flange joint and analysed bending loads in flange 

joints through FEA considering the nonlinear properties of 

the gasket. The contact stress distributions observed has 

significant variation along the gasket width and also in bolts 

under bending load and results were well compared with the 

experimental studies. 

Tan Dan Do et al. [7] proposed an analytical 

approach to determine the effect of bolt spacing and its 

impact on flange design based on the theory of circular 

beam. The model was tested for different bolted joints by 

varying number of bolts, flange and gasket stiffness. The 

analytical results were compared with FEA and suggested 

that the thickness of the flange and the stiffness of the gasket 

have a great effect on stress distribution. In this paper, a 

parametric study of the behavior of flanges and stresses in 

bolts are analysed and results were discussed. 

Alkelani [8] proposed an elastic interaction model 

for clamp load loss of gasket flanged joint. The model can 

characterize the effects of gasket stiffness, gasket thickness, 

bolt spacing and tightening pattern on the clamp load loss of 

gasketed flange joint caused by elastic interaction. 

Kumakura [9] studied the effect of tightening 

sequences for bolted joints using multiple bolts. The study 

showed that multi-pass tightening can make the bolt tension 

of each bolt more uniform. 

P. M. Desai [10] discussed on design, analysis and 

optimization of body flange & cover flange by using FEM 

approach and its validation by analytical as per ASME 

Code. Numerical Simulation techniques are used for 

analysis of ring type flange. The result of numerical 

simulation overcomes the limitation of analytical approach 

which is observed from the results of suggested model. The 

optimum Value of thickness of Cover Flange and Body 

Flange are 48 mm and 90 mm respectively.  

 
Fig. 5: Modelling and Analysis of Flange [10] 

D. H. Vardhan et al. [11] performed the java 

computation for mechanical design on dimensions of the 

various flange couplings. In the work they considered 

standard materials for the elements and also gave provision 

to change the material and stresses in the machine members. 

With the help of java they computed the couplings in shorter 

duration with precise values. With this program any one 

could compute the dimensions of the coupling with in 

fraction of seconds. 

D. B. Shah et al. [12] performed parametric 

modelling and drawing automation for flange coupling using 

excel spreadsheet. In the work he integrated commercially 

available packages Autodesk Inventor with Microsoft excel 

spreadsheet for creation of modelling and manufacturing 

drawing. Various product variants of the flange coupling 

have been executed by parametric designing concept in 

Inventor. Then he used one feature crated in Inventor 

software the 3D modelling and manufacturing drawings 

would be generated automatically and efficiently. I. J.  

Jadeja et al. [13] developed GUI based design 

software in VB Environment to Integrate with CREO for 

design and modelling using case study of coupling. They 

reviewed the procedural steps involved in the design of 

couplings and the development of the software package 

using visual basic as a tool for the design. This system is 

carried out on the case study of flange coupling and standard 

design equation being carried out together with the use of 

programming software and used CREO as modelling 

software after getting output from the designing software.  

R. T. Salunkhe et al. [14] designed and carried out 

analysis of coupling using ANSYS. The project presented 

the concept of reducing maximum shear stresses by adding a 
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new material between shaft and hub. The modelling of rigid 

flange coupling was done in CREO 2.0 and analysis of rigid 

flange coupling was carried out with the help of ANSYS 15 

Software for calculated torque. They concluded that the 

shear stresses developed in the flange coupling with Ti alloy 

ring were less than the shear stresses developed in coupling 

without Ti alloy ring 

Jeong Kim, Joo-Cheol Yoon ,Beom-Soo Kang [15] 

had investigated a modelling technique of the structure with 

bolted joints, four kinds of finite element models are 

introduced; a solid bolt model, a coupled bolt model, a 

spider bolt model, and a no-bolt model. All the proposed 

models take into account pretension effect and contact 

behaviour between flanges to be joined. Among these 

models, the solid bolt model, which is modelled by using 3D 

solid elements and surface-to-surface contact elements 

between head/ nut and the flange interfaces, provides the 

best accurate responses compared with the experimental 

results. In addition, the coupled bolt model, which couples 

degree of freedom between the head/nut and the flange, 

shows the best effectiveness and usefulness in view of 

computational time and memory usage. Finally, the bolt 

model proposed in this study is adopted for a structural 

analysis of a large marine diesel engine consisting of several 

parts which are connected by long stay bolts. The 

conclusions are summarized as the followings.  

In order to generate a finite element model for the 

structure with a bolted joint, a solid bolt model, coupled bolt 

model, spider bolt model, and no-bolt model were 

suggested. Among them, the solid bolt model could most 

accurately predict the physical behaviour of the structure. 

In the case of shear loading, since the contact 

characteristic between interfaces is predominant, distinction 

with a difference in stress distribution, especially 

neighbouring the bolted joint, is expected according to the 

bolt models.  

From the result of static analysis, the coupled bolt 

model and the spider bolt model can save 62% and 49% of 

the computational time, and 21% and 19% of the memory 

usage compared to the solid bolt model. Therefore, in view 

of effectiveness and usefulness, the coupled bolt model is 

also recommended 

Nomesh Kumar, P.V.G. Brahamanandam and B.V. 

Papa Rao [16] investigated the stresses in the bolts of the 

bolted flange joint of the pressure vessel so that bolts/studs 

should not be failed during proof pressure test. Bolted flange 

joints perform a very important structural role in the closure 

of flanges in a pressure vessel. It has two important 

functions:  To maintain the structural integrity of the joint 

itself, and to prevent the leakage through the gasket 

preloaded by bolts.  One flange is having a groove for the 

gasket, and other flange is flat connected by a number of 

bolts/studs. The preload on the bolts is extremely important 

for the successful performance of the joint. The preload 

must be sufficiently large to seat the gasket and at the same 

time not excessive enough to crush it. The flange stiffness in 

conjunction with the bolt preload provides the necessary 

surface and the compressive force to prevent the leakage of 

the gases contained in the pressure vessel. The gas pressure 

tends to reduce the bolt preload, which reduces gasket 

compression and tends to separate the flange faces. Due to 

flange opening, bending has been noticed in the bolt. Hence 

the bolts/studs should be designed to withstand against 

preload, internal pressure load and bending moment. Due to 

existence of Preload, internal pressure and bending moment 

at a time, the bolt behaviour is nonlinear which cannot not 

be evaluated by simple mathematical formulas. 3-

Dimensional finite element analysis approach is only the 

technique which shows some satisfactory result. The 3-

dimensional cyclic analysis has given the value of axial 

forces and stress induced due to these axial forces. It also 

has given the value of bending moment on each bolt/stud. 

This bending moment divided by the sectional modulus of 

the stud to obtain bending stresses in the bolt/stud. The total 

stresses in each bolt/ stud is the sum of axial stress and 

bending stress. The deflection of bolt due to internal 

pressure is obtained in FEA. The total stresses and bending 

stresses in the bolt/stud pressure is also obtained in FEA. 

The axial stress in the bolt/stud due to pretension, the 

contact gap and stresses in flange. 

III.  CONCLUSION 

Various researches are conducted to determine stresses, its 

effects on flange life and parameters effecting pressure, 

shear stress, and fatigue life of flanges. The findings have 

shown that magnitude of load applied, flange geometry and 

material are major factors which determine the life of 

flange. The study also discusses about application bolted 

flange joint in pressure vessels. 
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