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Abstract 

 
The main objective of this analysis is to investigate the stresses& deflections of drive shaft subjected to 
combine bending & torsion. Then checking for fatigue life as well as comparing the results with analytical 
calculations to verify accuracy of the results. Drive shaft is a critical component used in paper converting 
machines. It carries a load of two vacuum rollers weighing around 1471N and rotates at 1000 rpm, also 
subjected to reaction force of knife cutter and gears. This shaft has key slots and at the area of change in cross 
sections giving rise to localize stress concentration. Hence there is a scope of analyzing this part to predict its 
fatigue life and damage. 
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1. Introduction 
 
A shaft is a rotating member usually of circular cross-section (solid or hollow), which is used to transmit power and 
rotational motion in machinery and mechanical equipment in various applications. Elements such as gears, pulleys 
(sheaves), flywheels, clutches, and sprockets are mounted on the shaft and are used to transmit power from the 
driving device (motor or engine) through a machine. In deciding on an approach to shaft sizing, it is necessary to 
realize that a stress analysis at a specific point on a shaft can be made using only the shaft geometry in the vicinity of 
that point. Thus the geometry of the entire shaft is not needed. In design it is usually possible to locate the critical 
areas, size these to meet the strength requirements, and then size the rest of the shaft to meet the requirements of the 
shaft-supported elements. 
 
When you submit your paper print it in one-column format, including figures and tables. In addition, designate one 
author as the “corresponding author”. This is the author to whom proofs of the paper will be sent. Proofs are sent to 
the corresponding author only. 
 
 The deflection and slope analyses cannot be made until the geometry of the entire shaft has been defined. Thus 
deflection is a function of the geometry everywhere, whereas the stress at a section of interest is a function of local 
geometry. For this reason, shaft design allows a consideration of stress first. Then, after tentative values for the shaft 
dimensions have been established, the determination of the deflections and slopes can be made.  
Most shafts are subjected to fluctuating loads of combined bending and torsion with various degrees of stress 
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concentration. For such shafts the problem is fundamentally fatigue loading. Failures of such components and 
structures have engaged scientists and engineers extensively in an attempt to find their main causes and thereby offer 
methods to prevent such failures 

 1.1 SHAFT STRESSES 
Bending, torsion, and axial stresses may be present in both midrange and alternating components. Axial loads are 
usually comparatively very small at critical locations where bending and torsion dominate, for a rotating shaft with 
constant bending and torsion, the bending stresses completely reversed and the torsion is steady. The fluctuating 
stresses due to bending and torsion are given by 
 

�� = 
�
�  = 

���
�		
      (1) 

 
The stress analysis process for fatigue is highly dependent on stress concentrations. Stress concentrations for 
shoulders and keyways are dependent on size specifications that are not known the first time through the process. 
Fortunately, since these elements are usually of standard proportions, it is possible to estimate the stress 
concentration factors for initial design of the shaft. 

 

1.2 DEFLECTION CONSIDERATIONS 
Deflection analysis at even a single point of interest requires complete geometry information for the entire shaft. For 
this reason, it is desirable to design the dimensions at critical locations to handle the stresses, and fill in reasonable 
estimates for all other dimensions, before performing a deflection analysis. Deflection of the shaft, both linear and 
angular, should be checked at gears and bearings. Allowable deflections will depend on many factors, and bearing 
and gear catalogs should be used for guidance on allowable misalignment for specific bearings and gears. 
 
For shafts, where the deflections may be sought at a number of different points, integration using either singularity 
functions or numerical integration is practical. In a stepped shaft, the cross sectional properties change along the 
shaft at each step, increasing the complexity of integration, since both M and I vary. Fortunately, only the gross 
geometric dimensions need to be included, as the local factors such as fillets, grooves, and keyways do not have 
much impact on deflection. 
 
A deflection analysis is straightforward, but it is lengthy and tedious to carry out manually, particularly for multiple 
points of interest. Consequently, practically all shaft deflection analysis will be evaluated with the assistance of 
software. Any general-purpose finite-element software can readily handle a shaft problem. This is practical if the 
designer is already familiar with using the software and with how to properly model the shaft. Special-purpose 
software solutions for 3-D shaft analysis are available, but somewhat expensive if only used occasionally. 
 
For hand calculation, shaft deflection can be calculated by using double integration formula, 
 

	��
	�= 

�
��dx      (2) 

1.3 OVERVIEW OF FATIGUE 
The majority of component designs involve parts subjected to fluctuating or cyclic loads. Such loading induces 
fluctuating or cyclic stresses that often result in failure by fatigue. About 95% of 
all structural failures occur through a fatigue mechanism. The damage done during the fatigue process is cumulative 
and generally unrecoverable, due to the following: 
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It is nearly impossible to detect any progressive changes in material behavior during the fatigue process, so failures 
often occur without warning. 
Periods of rest, with the fatigue stress removed, do not lead to any measurable healing or recovery. 
Fatigue, or metal fatigue, is the failure of a component as a result of cyclic stress. The failure occurs in three phases: 
crack initiation, crack propagation, and catastrophic overload failure. The duration of each of these three phases 
depends on many factors including fundamental raw material characteristics, magnitude and orientation of applied 
stresses, processing history, etc. Fatigue failures often result from applied stress levels significantly below those 
necessary to cause static failure. 

1.4 FINITE ELEMENT METHOD (FEM) 
FEA as applied in engineering is a computational tool for performing engineering. It includes the use of mesh 
generation techniques for dividing a complex problem into small elements, as well as the use of software program 
coded with FEM algorithm. In applying FEA, the complex problem is usually a physical system with the 
underlying physics such as the Euler-Bernoulli beam equation, the heat equation, or the Navier-Stokes 
equations expressed in either PDE or integral equations, while the divided small elements of the complex problem 
represent different areas in the physical system. 
It includes the use of mesh generation techniques for dividing a complex problem into small elements, as well as the 
use of software program coded with FEM algorithm. In applying FEA, the complex problem is usually a physical 
system with the underlying physics such as the Euler-Bernoulli beam equation, the heat equation, or the Navier-
Stokes equations expressed in either PDE or integral equations, while the divided small elements of the complex 
problem represent different areas in the physical system. 
 

2. DESIGN OF DRIVE SHAFT 
 

          
Figure 1 Loaded drive shaft assembly 

                                                                                    Figure 2 free body diagram 
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                                 Figure 3 Bending & shear force diagram 

 

Table 1: Shaft material properties 
Material Yield strength 

in Mpa 

UTS in Mpa Hardness 

HB 

Shear 

modulus in 

Gpa 

Young’s 

modulus in 

Gpa 

1040 Medium 

carbon steel 

370 585 185 80 200 

 

2.2 ANALYTICAL CALCULATIONS 

2.2.1Min. diameter of shaft under combined bending and torsion  

 

D = ��.�
�� ��K�M�� � �K�T��


          (3)  

d =30 mm, taking factor of safety = 2, d = 60mm 

2.2.2 Deflection of shaft 
Bending moment at any section distance x from A is given by  

 
�� 
�!� = 

"
#$dx      (4) 

By double integration and applying boundary conditions we get 
 

@ B, y = 0.23mm, @ C, y = 0.247mm and @ E y = 0.02mm 
 

Deflection is too great at location C, the needed shaft diameter is given by equation: 
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4/1

all

oldd
oldnew y

yn
dd =  (5) 

Where dn  is the design factor = 0.5 

y&''  is the allowable deflection at that location = 0.0523 mm 

d)*+ = 73 mm 

So we will increase the diameter at the point where vacuum rollers are mounted to 73mm. 

2.2.3 Slop of shaft 
	�
	 = 

�
��dx = Ө        (6) 

By integration and applying boundary conditions we get 
 
@ B, Ө = 0 .00087rad, @ C, Ө = 0.00013 rad and @ E Ө = 0.00102 rad 
 
For tapered roller bearing max allowed slop is 0.0005 to 0.0012 and calculated slops are less than this, hence 

design is safe. 
 
 

2.2.4 Bending and shear stress acting on shaft 

 

Ϭ = 

���,
�	
   , Ʈ = 

�-�.
�	
        (7) 

2.2.5 Equivalent stress/von Mises stress 

 

�/0  = ��123� �	3�5�&!��       (8) 

     

 σ*7= 33.4 Mpa 

 

2.2.6 Endurance strength 

 
S* = K'9&� x K:;<* x K:=>? x K�*�@x K>*';&A;';�  x K� x K:�>*::	B9)B*)�>&�;9) x S*C  (9) 

K'9&� = 1 (Bending Load),  

K:;<* = 1.24dGH.�HI for 2.79 ≤ d ≥ 51 mm = 0.78 

K:=>? J	4.51S=�GH.�-� = 0.82 
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K�*�@ = 1 for T ≤ 450°C 

K>*';&A;';�  = 0.90 

K� = 
�
L? = 

�
�.MN = 0.53 

K:�>*::	B9)B*)�>&�;9) = 1+q (k?-1) = 1+0.82(1.89-1) = 1.73 

S* = 167 Mpa 

 

2.2.7 Number of Cycles  
Estimated Fatigue Life 

 
Infinite Life- 1000RPM (Average operating speed)=16.66 cycles/second 
5 year life @ 7 hour operating time per day approximately 48384000 seconds of use 
16.66 x 48384000=8.06 x 10^8  cycles to failure for infinite life 

 

N = �	PQ3 	�
RS
,          (10) 

                  (11) 

2.2.8 Fatigue Damage Factor 

 
Fatigue damage factor = 

#!@*B��	';?*	B B'*
TB�=&'	';?*	B B'*  =  

M.H-	!	�HU
�.��	!	�HSV = =0.4 <1 

 

3. FEM STUDY USING SOLIDWORKS SIMULATION 

            
Fig. 4 FEM stress plot shows max stress of 44 Mpa at the center              Fig. 5 FEM deflection plot shows max deflection of 0.06mm at the 

center 
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Fig. 6 Fatigue Life plot shows max. Fatigue life of 1x10^11 cycles                   Fig.7 Fatigue damage plot shows 0.7 which is less than unity 

 

                        

Fig. 8 Close look at the mesh control at the critical junctions                                              Fig. 9 Feature tree showing desired inputs for FEM 
analysis 

4. CONCLUSIONS 

Table 2: Comparison of results 
Parameter Analytical results FEM results 

Max Stress in Mpa 33.41 42 
Deflection in mm 0.029 0.06 
Fatigue Life in cycles 8.0 x 10^8 1 x 10^11 

Fatigue Damage 0.4 0.7 
 
Based on FEM results it is found that max stresses found at the bearing junction because of change of cross section 
and small radius at the junction.  
 
Geometry of shaft is modified by introducing a step at both side of the shaft before bearing junction and giving max. 
Radius, so that stress concentration could be minimized at the bearing junction.  
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After rechecking stress levels reduced by major amount and fatigue life and damage is calculated by Simulation and 
they found to be very much within the limits. 
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