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Abstract— Drum Pulley Assembly used for material 

handling, conveyor systems, the most critical region for fatigue 
damage and failures are reported at the weld joint connecting 
plate and shell, hub and endplate as well as seam weld in drum 
shell. A failure analysis based on stress life approach may be 
useful for predicting the life time of weld in the structure. This 
study presents an upcoming methodology in new three 
dimensional Finite Element Model to calculate the fatigue life 
of weld. Ansys 12.1 simulation software uses stress-life 
method, based on a static non-linear Structural analysis. The 
weld material S-N curve were experimentally determined by 
the Fatigue testing of the dumbell specimen as per 7608 
standard. This study assumes that a flaw exist in weld due to 
welding process, material in-homogeneity, air voids, slugs or 
impurities in weld, improper surface machining and many 
more. This material curve  is used in simulation to get more 
accurate results. Thus the fatigue life prediction with the 
material curves from experimentation will give us more 
accurate and close to actual failure results. 

 
KEYWORD: Drum Pulley Analysis, Fatigue Life by S-N 
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I. INTRODUCTION  

Failures due to fatigue in welded structures lead to loss of 
life and substantial costs. Remedies to this situation include the 
introduction of various standards and fatigue design codes. The 
foundation of such codes rely, in some cases, on old concepts 
that do not easily translate to the output from modern computer 
programs and are also limited to rather simplified structures. 

The development of new generations of products means, in 
general, increased capacity, increased speed and increased 
demands on life. Improved maintenance and higher utilization 
place additional demands on the supporting structures.   

The requirements in society towards improved functionality 
and minimizing of Life Cycle Cost (LCC); force companies to 
design structures with reduced weights and “optimum” fatigue 
resistance. Actions to meet these demands are to introduce high 
strength steel, weld and/or surface improvement technologies 
and high productivity manufacturing technologies. The 
introduction of high strength steel in structures normally means 
higher stress levels and, hence, an increased sensitivity to 
defects, deviations in weld geometry (e.g. penetration, throat 
thickness, undercuts) and variations in material strength. 

Expertise in developing and manufacturing fatigue loaded 
welded structure with low LCC is a key aspect in order to stay 
competitive. Shorter development time for new products means 
that it is important to make the correct design and fatigue 
assessment early on in the project. 

A better understanding of the limits of the different fatigue 
design methods and the influence of fatigue strength due to the 
weld quality will improve the development of new fatigue 
loaded products. The understanding of the link between weld 
quality and the welding process would enable manufacturers to 

increase the utilization of high strength steel in fatigue loaded 
welded structures.   

Being able to determine the rate of crack growth, an 
engineer can schedule inspection accordingly and repair or 
replace the part before failure happens. Being  able  to predict  
the path of  a  crack helps  a designer  to incorporate  adequate  
geometric  tolerance  in  structural  design  to  increase  the  
part  life.  

 
II. Objectives 

The  aims at design validation of a drum pulley assembly 
and fatigue analysis of weld joint which is most probable part 
to fail against fatigue.  Hence it needs to find out the stresses in 
various components by nonlinear static analysis of the drum 
pulley assembly. Currently there are two models for the same 
application working under same conditions hence needs to 
suggest a model which will survive for a longer life. 
The following are the main objectives  

 Conventional design criteria:- 
The conventional design procedure against static strength, 

fatigue strength is set for client use. Manufacturing criteria’s 
that should be satisfied during fabrication of assembly are also 
mentioned here. 

 Non-linear Static Structural Analysis:-  
To carry out non-linear static analysis of the conveyor 

pulley assembly using ANSYS Classic Version 12.1. This is 
done to find out safe value of resultant displacement (stiffness) 
and Von Misses stresses. A special attention is required to get 
convergence of non-linear system and then validation of 
converged results. 

 Fatigue Life Calculation:- 
To carry out the fatigue life prediction of welded joint using 

conventional methods. (S-N approach Method) 

 Conclusions:- To conclude results obtained by each 
process and make a final remarks for the benefits of 
company and society. 

III.  THEORY OF DRUM PULLEY    

 The cost of a catastrophic failure in this power range can 
have grave consequences on personnel safety and on the plants 
profit and loss statement.  

 Manufacturers differ on the following criteria: 

 Types of stresses that are important 

 Fatigue stress range criteria 

 Allowable stress limits in welded and non-welded 
members, 

 Allowable load limits on the pulley components 

 Material surface finish criteria in critically stressed 
areas 

 Materials of construction and their limitations 

 Fabrication techniques, constructed tolerances and 
tolerance controls. 
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IV. DESCRIPTION OF COMPONENTS OF DRUM PULLEY 

 
Figure 1.  Components of Drum Pulley Assembly(9) 

The main components of a pulley for a conveyor belt 
application are shown in Figure 1. 

 Shell 
 End-disk And Hub Assembly 

 Locking Mechanism 

 Shafts 
 Lagging 
 

A.  Design Criteria’s for Pulley Components  

The stress criteria comprise of static and fatigue strength 
analyses. These stress criteria consist of setting limits on both 
the maximum stresses and on the stress range that can occur in 
different components of the pulley (shell, disk, hub and shaft). 
The three dimensional stress fields consist of radial, tangential 

and axial stresses, which are analyzed in the pulley. 

B.  Static Strength Criteria 

While evaluating ductile materials, yield strength of the 
material is usually used as the failure criteria. In the case of 
brittle materials, like cast iron, which do not have a yield point, 
the ultimate strength of the material is used as the failure 
criteria. In general the Distortion Energy Theory for 
performing static strength analyses is used. This theory is 
meant for ductile materials as it predicts the initiation of yield. 
The Von Misse's stress is used in the theory. For a tri-axial 
stress state, the Von Misses stress is defined in terms of the 
principal stresses as:  

 

𝜎𝑣𝑜𝑛−𝑚𝑖𝑠𝑠𝑒𝑠 = [0.5 ∗ {(𝜎1 − 𝜎2)
2 +

(𝜎2 − 𝜎3)
2 + (𝜎3 − 𝜎1)

2}]0.5
   

 
 
Principal stresses σ1, σ2 and σ3 are normal stresses that act 

on planes that do not carry any shear stress. Maximum and 
minimum principal stresses act on mutually perpendicular 
planes, and are the algebraically largest and algebraically 
smallest normal stresses to be found at a paint in a given stress 
field.  

According to this theory, yielding occurs when the Von 
Misses stress equals the yield stress. Experiments have shown 
that the distortion-energy theory predicts yield with the greatest 
accuracy amongst the accepted stress theories. The design 
criterion uses the Distortion Energy theory with a multiplier of 
0.7 which accounts for probabilistic conditions such as 
variations in metallurgy, metal porosity, inclusions, and other 
uncertain conditions. This multiplier of 0.7 is slightly higher 
than the 0.6 to 0.66 multiplier used for welded structures. Thus 

the maximum acceptable Von Misses’ stress in the shaft, end-
disk and shell is (0.7 X yield stress of the component).  

C. Fatigue Strength Criteria 

1) Shell 
In the case of most pulleys, the largest range stresses in the 

shell are usually in the tangential or hoop direction and occur 
close to the centreline of the pulley. Pulleys with wide shell 
faces may have the largest range stress in the axial direction 
due to bending in a region close to the shell/disk connection. 
The British Standard BS5400 Part 10 is used to determine the 
allowable stress ranges for the circumferential and seam welds 
in the shell for infinite fatigue life as shown in Figure 2. 

 
 

Figure 2.  Circumferential and Axial Weld Classifications(9) 

2) Weld 
Shell Circumferential Welds have an allowable axial stress 

range of 77 MPa (11165 psi) (Class C weld) and allowable 
hoop stress range of 100 MPa (14500 psi) (Class B weld). 
These values apply if the welds are full penetration and have 
been ground flush and proven free of defects. If they are not 
ground flush and proven free of defects, the allowable axial 
stress range reduces to 55 Mpa (7975 psi) (Class D weld) and 
the hoop stress range to 77 MPa (11165 Ps) (Class C weld).  

Shell Axial Seam Welds have an allowable axial stress 
range of 100 MPa (14500 psi) (Class B weld) and hoop stress 
range of 77 MPa (11165 psi) (Class C weld) if they are full 
penetration and have been ground flush and proven free of 
defects. If not, the allowable axial stress range reduces to 77 
MPa (11165 psi) (Class C weld) and hoop stress range to 55 
MPa (7975 psi) (Class D weld). These allowable stress ranges 
are for 10 million load cycles with a 97% confidence level. 
Radiographic and/or a full ultrasonic inspection must be 
performed to evaluate the welds. 

 
 

3) Disk 
For most pulleys, the largest fluctuating or range stresses in 

the disk are in the radial direction and are due to end-disk 
bending. The fatigue strength criteria used here is that the 
maximum stress should not exceed the endurance stress, Se, for 
infinite life. The endurance stress, Se is dependent on 
numerous factors including material type, surface finish, stress 
concentration effects, type of loading, failure mode, etc. A 
conservative endurance stress of 40% of yield stress (20% for 
shear) is used for ductile materials to account for the following 
possibilities, some of which are difficult to quantify:  

Unlimited number of starts and stops  
Dynamic loads  
Irregularities in lagging thickness  
Material buildup  
Overloading of the conveyor  
 

4) Shaft 
As the pulley rotates the shaft contact pressure under the 

locking device changes at the inside and outside shoulders. The 
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alternating stress introduced due to this can lead to fatigue 
failure if the range is large. Therefore limits are placed on how 
large this range stress can be this range stress should not 
exceed the limits imposed in the modified Goodman diagram. 
 

V.  NON-LINEAR STATIC STRUCTURAL ANALYSIS OF A 

DRUM PULLEY ASSEMBLY 

Mathematically, the finite element method (FEM) is used 
for finding approximate solution of partial differential 
equations (PDE) as well as of integral equations. The solution 
approach is based either on eliminating the differential 
equation completely (steady state problems), or rendering the 
PDE into an equivalent ordinary differential equation, which is 
then solved using standard techniques such as finite 
differences, etc. 

In solving partial differential equations, the primary 
challenge is to create an equation which approximates the 
equation to be studied, but which is numerically stable, 
meaning that errors in the input data and intermediate 
calculations do not accumulate and cause the resulting output 
to be meaningless. The Finite Element Method is a good choice 
for solving partial differential equations over complex domains 
or when the desired precision varies over the entire domain.  

 To perform an accurate analysis a structural engineer 
must determine such information as structural loads, geometry, 
support conditions, and materials properties. The results of 
such an analysis typically include support reactions, stresses 
and displacements. This information is then compared to 
criteria that indicate the conditions of failure. Advanced 
structural analysis may examine dynamic response, stability 
and non-linear behaviour. 

Performing a Static Analysis 
Following are the steps in brief to perform a static analysis: 

1) Build Geometry 
2) Define Material Properties 
3) Generate Mesh 
4) Apply Loads 
5) Obtain Solution 
6) Present the Results 

 

B. Solid model details 

   
 

Figure 3.    Exploded View of Meshed Drum Pulley Assembly 

TABLE I.  DIMENSIONS OF VARIOUS COMPONENTS  

 
 

 

TABLE II.  MATERIAL PROPERTIES OF COMPONENTS 

 
 

C. Meshing 

The process for generating a mesh of nodes and elements 
consists of three general steps:  

 Set the element attributes. 

 Set mesh controls (optional). Hyper mesh offers a large 
number of mesh controls from which you can choose 
as needs dictate. 

 Meshing the model. 
It is not always necessary to set mesh controls because the 

default mesh controls are appropriate for many models. 
Alternatively, you can use the Smart Size feature to produce a 
better quality free mesh. 

Following are details of the elements used for meshing of 
given assembly. 

a) SOLID186 Element 

b) SHELL181 Element 

c) TARGE170 Element  

d) CONTA174 Element 
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Figure 4.  Boundary Conditions 

D. Result Interpretation 

Von misses stress = SEQV i.e. equivalent stress. 

 
Where, σx, σy, σz are the corresponding stresses in X, Y and 

Z directions. 
The von Mises Criterion, also known as the maximum 

distortion energy criterion, octahedral shear stress theory, or 
Maxwell-Huber-Hencky-von Mises theory, is often used to 
estimate the yield of ductile materials. The von Mises criterion 
states that failure occurs when the energy of distortion reaches 
the same energy for yield/failure in uniaxial tension. 
Mathematically, this is expressed as,  

 

 
This equation represents a principal stress ellipse as 

illustrated in the following Figure 
         

        

Figure 5.  Von-Mises Criteria 

Also shown on the Figure 5 is the maximum shear stress 
criterion (dashed line). This theory is more conservative than 
the von Mises criterion since it lies inside the Von Misses 
ellipse.  

In addition to bounding the principal stresses to prevent 
ductile failure, the von Misses criterion also gives a reasonable 
estimation of fatigue failure, especially in cases of repeated 
tensile and tensile-shear loading. 

E. Result Plots 

1) Deformation Plot 
Following figures are the Total Deformation Plots for 

different parts of the Drum Pulley Assembly. 
 

 
Figure 6.  Total Displacement of assembly 

       

Figure 7.  Total Displacement of Drum 

        

Figure 8.  Total Displacement of Weld 

       

Figure 9.  Displacement Plot of End disks 

        

Figure 10.  Displacement Plot of Locking Device 

         

Figure 11.  Displacement Plot of Shaft 

2) Equivalent (Von-Misses) stress plot 
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Figure 12.  Stress Distribution for the total Assembly 

       

Figure 13.  : Stress Distribution in Drum 

     

Figure 14.  Stress Distribution in Weld 

     

Figure 15.  Stress Distribution in End Disks 

       

Figure 16.  Stress Distribution in locking device 

          

Figure 17.  Stress Distribution in Shaft 

F. Result Table 

Result table is prepared with the current design criteria for 
static strength and fatigue strength as discussed. On the basis of 
these criteria safe or failure limit is also discussed here.  

Static strength criteria = 0.7 x Syt 
Static strength criteria (for weld) = 0.6 x Syt 
A fatigue strength criterion is given for life of 1 E +06 

cycles with 97% confidence level.  
 

TABLE III.  NON-LINEAR STATIC STRUCTURAL ANALYSIS  RESULT TABLE 

 

 

VI. CONCLUSIONS 

1. This work succeeds to predict the fatigue failure of 
drum pulley assembly, with the analytical background 
of concepts, its analogy in simulation software and 
analytical calculations to validate the concept of 
analysis. 

2. The drum pulley assembly has complex type of 
loading hence it is impossible to obtain analytical 
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solution. Also, there are many limitations to perform 
experimental analysis like cost of an assembly, cost of 
experimental setup, time required for fatigue testing 
and hence overall testing cost required is very high. 
Hence only simulation was done which is less 
expensive and more accurate.  

3.  At the end it is concluded that the design is strong 
enough to sustain 0.5 millions cycle for operating 
loading conditions with various cracks. The failure 
cause can be stated as the bad quality of weld 
material, improper welding, occurrences of multiple 
cracks, overloading, improper surface preparation, too 
much corrosive environment variables may have 
amplified the stress intensity by 20 times. At this 
amplified stress intensity weld component has failed 
to survive 0.5 millions cycles. 

4.  This simulation concept is not yet thoroughly 
implemented in industry as well as in academics 
because the simulation software’s like ANSYS which 
are designed and developed on fatigue failure  
concepts are in initial stage of development. But 
definitely this will be the future asset of fatigue 
prediction for all FEA engineers. 
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