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Abstract: For the past five decades, Peterson‘s elastic stress concentration factor (SCF) charts had been used as design tool for shoulder filleted shafts 
loaded in tension, bending and torsion. The demand for accurate data pertaining to the elastic stress concentration is rapidly increasing in the 
economical product design and development cycles. On the other hand, the use of finite element analysis (FEA) is becoming more popular, but the 
designers are still using the design charts of SCF because the notch stresses need to be calculated accurately without consuming time for meshing and 
refinement required to model the regions where  stress concentration is expected to be high. The designers are often dependant on SCF for the 
standard geometries [1] to support this. The primary objective is to analyze the influence of taper on the SCF of a filleted shaft in tension. The 
comprehensive FE analyses were carried out over an ample range of shoulder filleted shaft geometries with varying taper in tension to evaluate elastic 
SCF and    von-Mises SCFs. These finite element results are presented in the common graphical form and verified with the values published for several 
geometries in the literature. Also, the results reported in this paper demonstrate that there has been a significant reduction in the SCFs of shoulder 
filleted shaft with taper. 
 
Index Terms: Finite element analysis, stress concentration factor, shouldered shaft with taper, tension.   

——————————      —————————— 

1 INTRODUCTION                                                                     

The design of a machine member subjected axial, bending 
and torsion, it was assumed that the cross-sections are 
uniform throughout and no deviations occurred in the member 
under consideration. But it is quiet difficult to design machine 
members, without allowing some changes in the cross-section. 
Moreover, the design of machine member requires the 
presence of grooves or notches, fillets, holes, keyways or 
physical discontinuities. These are inevitable in the design. 
Whenever a machine member changes the shape of its cross-
section, the stresses produced at these discontinuities are 
different in magnitude from those calculated by elementary 
formulae. These localized stresses results to a crack, during 
service condition, which may lead to failure of the machine 
part. This unevenness in the stress distribution caused by the 
unexpected changes in cross-section or form is called ‗Stress 
Concentration‘. The stress concentration depends on the 
geometry and material. The effect of stress concentration 
reduces due to local deformation or yielding in ductile 
materials subjected to static loads and hence it is not a serious 
problem in ductile materials. But it will be a serious problem for 
brittle material, cracks may be initiated at these local 
concentration of stress and further propagate to the rest of the 
cross-section that leads to the failure of the material. But the 
stress concentration is always a serious problem in ductile 
materials that are subjected to cyclic loads because the 
ductility of the material is not effective in relieving the 
concentration of stress caused by cracks. The sources of 
stress concentration in machine elements: 

i. Geometrical discontinuities such as holes, cavities, 
notches, fillets and grooves 

ii. Metallurgical discontinuities such as those arising from 
crack-both internal and external, flaws, inclusion and 
cavities in welding which may introduce materials of 
different elastic properties, compared to the parent 

material. 
iii. Load discontinuities such as concentrated loads arising in 

contact between (a) wheel and rail (b) balls and races of 
a ball bearing and (c) gear teeth. 

The effect of stress concentration cannot be completely 
removed but can be reduced to some degree. This is achieved 
by providing a specific geometric shape to the machine 
member. The novelty of this paper is to investigate the effect of 
taper on stress concentration of shouldered shaft made of 
ductile material subjected to static axial load for various 
geometry parameters. 

 
2 LITERATURE 
It is not possible to completely eliminate the presence of stress 
concentration, but it can be mitigated to some extent. Hence, 
the stress concentration became a critical parameter that 
needs to be evaluated and led to the increased focus of quite 
a large number of researchers in reducing concentration of 
stress by introducing a specific geometric shape to a machine 
element. The elastic SCFs in graphical form from the 
experimental results were first published by Peterson in 1953. 
These charts had become powerful tool for designing the 
machine elements by the industry for more than 40 years and 
are being used in many mechanical design text books and 
reference books (e.g., Shigley & Mischke [2],  Norton [3]). The 
investigations of Tipson et al. [4] indicated that the SCFs are 
underestimated by as much as 40% in tension and 21% in 
bending in comparison with Peterson‘s elastic SCFs. Also, 
Tipson [5] demonstrated the SCFs of shoulder filleted shaft 
subjected to torsion are same as that of with Peterson‘s 
results. Further the author has established empirical relation 
for the location of maximum stress in addition to the maximum 
principal and von-Mises SCFs for tension, bending and torsion 
loading cases respectively. The photoelastic technique 
developed by the ―Structures Committee of the Royal 
Aeronautical Society‖ has been used by I M Allison [6], to 
calculate the elastic SCF associated with shouldered shafts 
loaded in tension. Further, the study was extended to bending 
[7] and torsion [8] loads. The results reveal that there is 
decrease in SCF as the shoulder depth increases for all the 
three forms of loading. The investigations of Gabriele Virzi 
Mariotti et al. [9] demonstrated that the SCF calculated for 
collar and shouldered shafts subjected to axial and bending 
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loads using both finite element (FEM) and boundary element 
(BEM) methods are very much correlated with the data in 
literature obtained by the photo elastic technique. The AlfaK 
software developed by Adis J. Muminovic et al. [10] using C# 
language to assess the SCFs and found the results are with 
good agreement with the numerical data. The investigation of 
L. E. Gooyer et al. [11] reported that the SCFs of shoulder 
shaft geometries under axisymmetric tensile loading were 30% 
higher than those given in [1]. 
 

3  PROBLEM DEFINITION AND MTEHODOLGY 
The SCF is based on the nominal stress in the smaller 
diameter of the shoulder filleted shaft. The theoretical SCF Kt 
used throughout this paper is therefore defined as: 
 
 

 

where,  Maximum stress induced in the shaft 

Nominal stress at the smaller diameter of 

shaft under the same loading conditions 
 
 
 

 
 
 
 
 
 
 
 
 

Figure1: Geometry of shouldered shaft with taper and fillet 
 
FE analyses of shouldered shaft geometries were conducted 
using Ansys software, version 19.0. The geometry of the shaft 
is designated by five dimensions as shown in figure 1. A set of 
174 different geometries were investigated for six taper angles 

with three different ratios of D/d (1.05  D/d  3), four different 

ratios of r/d (0.01 r/d  0.3) and for different ratios of DT/d (1  

DT/d  3). The Fig. 2 demonstrates that geometries were 
modeled using PLANE82 (8-node quadrilateral axisymmetric 
structural solid elements) and a constant pressure (tensile 
stress) applied at the small end of the shaft. The dimensions 
L1 and L2 (L1/d = L2/d = 2.5) are selected in such way that the 
stress state in the neighborhoods of the notch root is not 
affected. 

 
4 RESULTS AND DISCUSSIONS 
The convergence of solutions is achieved through the 
refinement of optimum mesh size until the difference between 
maximum stresses computed by successive decrements was 
less than 0.1%. 

a) Axisymmetric model of the shaft 
 

b) Fine mesh at taper and fillet 
 

Figure 2: Details of the mesh in the axi-symmetric model of 
the shaft 

 

  

 
Figure 3: Shaft with taper and fillet loaded in tension showing 

BCs 
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Figure 4: Von-Mises stress plot 
 
The results of SCFs for the various DT/d ratio and taper 

angles () of shoulder filleted shaft obtained through FE 
analysis are tabulated in Table 1 to 3 and shown in the 
graphical from figure 5 to 7. 

 
TABLE 1 

FEA RESULTS FOR D/d = 1.5 r/D = 0.2 
Ratio 
DT/d 

Taper angle () 

15 30 45 60 75 

1.3 1.5615 1.5611 1.56125 1.5609 1.56 

1.4 1.5625 1.5611 1.562 1.5609 1.5607 

1.5 1.5625 1.5611 1.562 1.5609 1.5607 

 
 

Figure 5: SCF chart for D/d = 1.5 r/d = 0.2 (Kt vs DT/d) 
 

TABLE 2 
FEA RESULTS FOR D/d = 2.0 r/D = 0.2 

Ratio 
DT/d 

Taper angle () 

15 30 45 60 75 

1.3 1.595 1.593 1.59 1.584 1.57 

1.4 1.596 1.594 1.592 1.59 1.578 

1.5 1.597 1.5945 1.5935 1.593 1.587 

1.6 1.598 1.596 1.596 1.594 1.593 

 

Figure 6: SCF chart for D/d = 2.0 r/d = 0.2 
 

TABLE 3 
FEA RESULTS FOR D/d = 2.5 r/D = 0.2 

Ratio 
DT/d 

Taper angle () 

15 30 45 60 75 

1.3 1.604 1.598 1.595 1.584 1.568 

1.4 1.604 1.6 1.598 1.59 1.577 

1.5 1.604 1.601 1.599 1.595 1.586 

1.6 1.604 1.602 1.6 1.6 1.595 

 

Figure 7: SCF chart for D/d = 2.5 r/d = 0.2 
 

From the above figure 2 to 4, it is evident that the Kt increases 

with an increase in DT/d ratios for a specific taper angle (). 

Further, Kt decreases with an increase in taper angle () for a 
specific vale of DT/d ratio. Hence, the results are good 
agreement with basic theory of mitigating stress concentration 
at the neighborhood of discontinuity in the machine members. 
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Figure 8: SCF chart for the variation of Taper angle () for 
different DT/d ratios for D/d = 1.5 & r/d = 0.2 

 
 

Figure 9: SCF chart for the variation of Taper angle () for 
different DT/d ratios for D/d = 2.0 and r/d = 0.2 

 

Figure 10: SCF chart for the variation of Taper angle () for 
different DT/d ratios for D/d = 2.5 and r/d = 0.2 

 

 

The values of Kt with varying taper angles () for specific DT/d 
ratios are shown in the fig 8, fig 9 and Fig.10 above. It has 
been demonstrated that the SCF reduces with increase taper 

angle () for given DT/d ratio and decreases with decrease in 
DT/d ratio at given taper angle of the specimen.\ 

 

4 CONCLUSION 
The stress distributions in shoulder filleted shafts subjected to 
tension has been analyzed using Finite Element Analysis software 
ANSYS and the SCFs were calculated. These results from the 

analysis were compared with the prominent SCF charts [1] and [4] 
reveals that the: 

 SCF of shoulder filleted shaft without taper subjected to 
tension are found to be 30% higher than those given in [1]  

 SCF of shouldered shaft without taper subjected to tension 
are found equal to those given in [4] 

 SCF of shouldered shaft with taper for tension is reduced 
considerably 5 – 10% than those given [4] 

 
Therefore, the results of reliable FEA-calculations for one or more 
geometric configurations covered in [1] can be published in order to 
improve the accuracy and/or the amount of basic design data. 
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