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Abstract 
 Paper production is one of the leading zones in the industrial world. And in-turn, paper 

machine is one of the greatest inventions of human and thus it grows to the successive updated level. 

Failures can come in any manufacturing systems. Identification of the failure and rectifying it is a 

work of a good engineer. This is an analysis project where there is a failure in the shaft of yankee 

roller in paper machine installed in an industry named Seshasayee Papers and Boards Limited, Erode. 

The shaft specifications are well studied and the causes of the defect are identified. EN 8 steel  is the 

material which is currenlty used in this industryas the shaft material.   The diameter of the shaft and 

the material of the shaft has been varied and compared for the stress and defelection analysis.  The 

failure analysis has been done theoretically and also by using FEA analysis software. The anlaysis 

shows that O1  tool   steel   has  less deflection and  low stress than EN 8 steel. 
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I.  INTRODUCTION& LS 
In this paper we gave a result for the 

failure of shaft in the yankee roller in paper 

machine. We experinced this problem in the 

paper machine installed in Seshayee Paper and 

Boards Ltd., A Yankee rolleris used in the 

production of paper. On the Yankee roller,the 

paper goes from approximately 42–45 dryness to 

justover 89% dryness.It is an idle roller and runs 

due to felt tension. The purpose of the roller is to 

transfer the felt from the wet section to the paper 

machine.The shafts are inserted in the roller by 

means of interference fit. 

II.  RAW MATERIAL 
Originally, the Company's paper 

plant was planned to use bagasse as the primary 

raw material, combined with 20% bamboo fibre. 

Bagasse was obtained from a nearby sugar mill 

using oil-fired boilers as a substitute. With the 

dramatic rise in oil prices in 1970-71, the 

Company switched to the use of hardwood 

during its expansion in 1978. The raw material 

composition changed dramatically, with bamboo 

and hardwood accounting for 60% and 40% of 

total raw material use, respectively. Soon after, 

the company began to notice difficulties in 

obtaining bamboo. It introduced another digester 

in 1981, raising the share of hardwood in the 

furnishing mix to 80% and limiting the use of 

bamboo to just 20%.There was renewed concern 

about hardwood supply with the commissioning 

of more wood-based industries in Tamilnadu. 

The Company agreed at this time to restructure 

its use of bagasse, which was seen as the most 

secure source of fibre for the entire industry, as a 

long-term strategy.  

Ponni Sugars and Chemicals Limited 

was marketed as the captive source for bagasse 

supply in 1984. To transition to the use of 

bagasse, it introduced bagasse handling systems 

and modernised PM-1 and PM-2. The Company's 

current Paper Machines are furnished with a 55 
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percent bagasse and 45 percent hardwood blend. 

Since the Indian paper industry will continue to 

be hampered by the problem of raw material 

supply, the Company's vast experience in 

handling bagasse is expected to be one of its 

major competitive advantages. The furnishing for 

the new Paper Machine is manufactured waste 

paper and imported pulp from far east countries, 

Europe, and the United States. A limited amount 

of captive pulp processing is supplemented. 

 

III.  PULP TO PAPER CONVERSION 
Initially the pulp is sent through the 

wire section where the water in the pulp gets 

removed. Now the pulp gets segregated into a 

paper form. This is then sent to the felt section 

where the water is absorbed in the felt and the 

vacuum strip is used to take the water from the 

felt. Then finally the paper is sent to the dryer 

section where there is only 3-4% of water 

content at the exist. 

 

IV. LITERATURE REVIEW 

Raut et al. proposed the on-

site/laboratory failure mode determination using 

fractography, metallographic and mechanical 

testing followed by chemical analysiss. The 

determination of root failure cause needs 

complete information about the equipment's 

design, operation, maintenance, history and 

environment. The failure analysis of shaft is done 

initially by modelling of shaft with the existing 

dimension followed by finding out the various 

load and stresses on the shaft. The next step 

includes the failure analysis of existing shaft 

followed by redesigning the shaft. 

Dejan et al. explained the failure of a 

28 MW hydro turbine shaft. The paper focuses 

on how a shaft can fail due to fatigue, as well as 

various types of fatigue cracks and their causes. 

The shaft's expected life was 2,00,000 hours, but 

it was only operational for 1,63,411 hours. It was 

determined that the shaft failed due to a 

combination of factors: Corrosion safety in the 

critical radius area is inadequate. High levels of 

tension at the start and end of the cycle. 

Increased critical radius indicates that stresses 

are spread over a wider region.  

Shubham Basu has offer that in most 

of the cases shafts failed due to cracks initiated 

along the keyway region as a result of high stress 

concentrations caused due to sharp edges having 

no or very less stress relief radius which gives 

rise to high notching effect in those regions along 

with fatigue stress cycles finally leading to shaft 

failure.Improper lubrication, overloading of 

shaft,misalignments,incorrect assembly, wrong 

maintenance should be taken care to avoid shaft 

failure. 

 

V.  PROBLEM IDENTIFICATION 
The wet press section is used for 

drying the paper which is the pre final process in 

paper manufacturing. The shaft operates 

throughout the year but the shaft failure occurs 

periodically for the paper industry, this is one of 

the major unsolved problems in the industry. So 

there is a shaft replacement once in three months. 

Due to this problem the maintenance cost 

increases and production comes to still. 

VI.  SPECIFICATION 

Name of the component         : 

 Shaft in Yankee roller 

User     : 

 Seshayee paper and boards ltd 

Assembly    :

 Shaft connected to roller by 

interference fit 

Output speed             : 

 303.11 rpm 

Shaft length    : 

 555 mm 

Diameter of shaft at failure     :  75 

mm 

Shaft material   :  EN 8 

Equivalent AISI grad              : 

 SAE/AISI 1040 

Working temperature              : 

 50°C 

 

VII. 3D MODEL OF SHAFT 
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VIII. ANALYSIS PROCEDURE 

The shaft is very difficult to design 

in ANSYS as it is stepped shaft. Hence the 

shaft is designed using PRO-E software. PRO-

E is designing software used to produce the 

stepped shaft in three dimensions.  

PTC Creo, formerly known as 

Pro/ENGINEER, is a 3D CAD/CAM/CAE 

feature-based, associative solid modeling 

software  

Creo Elements/Pro offers a range 

of tools to enable the generation of a complete 

digital representation of the product being 

designed. In addition to the general geometry 

tools there is also the ability to generate 

geometry of other integrated design disciplines 

such as industrial and standard pipe work and 

complete wiring definitions. Tools are also 

available to support collaborative development. 

Creo Elements/Pro can be used to 

build a fully digitalized 3D model of 

manufactured products. The models include 2D 

and 3D solid model data that can be used for 

finite element analysis, rapid prototyping, 

tooling design, and CNC manufacturing in the 

future. Without conversion, all data is 

associative and interchangeable between the 

CAD, CAE, and CAM modules.With 

completely associative engineering drawings 

and revision control details, a product and its 

entire bill of materials (BOM) can be 

accurately modelled. Creo 

Elements/associativity Pro's feature allows 

users to make design adjustments at any point 

during the product creation phase, and 

downstream deliverables are automatically 

updated. This capability enables concurrent 

engineering, which streamlines product 

development processes by allowing design, 

research, and manufacturing engineers to 

operate in tandem. 

Using PRO-E software, a stepped shaft 

with different diameters of 40mm, 45mm, 

50mm, 60mm, and 75mm is constructed. We 

may stretch the shaft to a specific length by 

using the extrude option. Then, after 

developing the shaft design, save the file in 

IGES format so that we can easily import it 

into ANSYS. 

 

ANSYS Software 
 Hence the Yankee roller shaft 

fails periodically, we have decided to change 

the material of the shaft. We have made the 

analysis through ANSYS 16.2 version software. 

If you've ever seen a rocket launch, flown in an 

aircraft, driven a vehicle, used a tablet, touched 

a mobile device, crossed a bridge, or worn 

wearable technology, chances are all of have 

used a product that was developed using 

ANSYS software. ANSYS is the world's 

leading engineering simulation company. 

Ansys engineers assist the world's most 

creative businesses in providing their 

consumers with dramatically improved 

products. They assist them in solving the most 

challenging design problems and engineering 

products that are only restricted by their 

imagination by providing the best and broadest 

portfolio of engineering simulation tools. 

ANSYS is a piece of software that can be used 

to perform both thermal and structural analysis.

  

The term structural (or structure) 

includes civil engineering structures like 

bridges and houses, as well as military, 

aeronautical, and mechanical structures like 

ship hulls, aircraft bodies, and machine 

housings, as well as mechanical components 

like pistons, machine parts, and equipment. 

The external forces acting on the shaft are 

included in the structural review. The tension 

due to felt on the roller is 15N/cm. The self-

weight of the roller is about 1 ton ie.1000kg. 

These are the external forces acting on the shaft. 

 The deflection and stress are 

mainly due to the vibration and continuous 

load acting on the shaft. Here the optimum 
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temperature is about 500 C. Thus the shaft is 

not affected by the surrounding temperature 

and hence there is no need for thermal analysis. 

So we have gone for structure analysis. By 
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IX. ANALYSIS ON DIFFERENT 

MATERIALS 
The following images are analyzed 

by ANSYS where the material of the shaft is 

changed and deflection and stress are found out.

Deflection and stress of EN 3A 
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So we have gone for structure analysis. By 

giving different material property, the 

deflection and stress are produced in the shaft 

was found. 
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IX. ANALYSIS ON DIFFERENT 

The following images are analyzed 

by ANSYS where the material of the shaft is 

changed and deflection and stress are found out. 

 

Deflection and stress of EN 8M

Deflection and stress of W1

 

Deflection and stress of EN 8
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giving different material property, the 

deflection and stress are produced in the shaft 

Deflection and stress of EN 8M 

stress of W1 

Deflection and stress of EN 8 



International Journal of Scientific Research and Engineering Development

ISSN : 2581-7175                                

 

 

Deflection and stress of EN 1A

Deflection and stress of CK 45 
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Deflection and stress of EN 1A 

Deflection and stress of A2

 Deflection and stress of H11 

 

Deflection and stress of O1 
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Deflection and stress of A2 
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X.  CALCULATIONS 
 The values obtained by software 

analysis are verified by theoretical calculations. 

The shaft specifications and load conditions are 

taken into calculation. Since the shaft failure is 

due to deflection the calculations are done to 

find out the theoretical values and to compare 

them. To find out the deflection various 

parameters are required which are calculated 

below. The deflection is formulated as simply 

supported beam with uniformly distributed 

load. 

Roller rpm    = Meter per 

minute / π × d 

Meter per minute  = 200 m 

Diameter  d = 0.210 m 

Roller rpm   =          200/ 

π×0.210 =   200/0.6594 

Roller rpm   = 303.11 

rpm 

Deflection              D        = 5 P L
4
 / 384 EI 

Where,      

P = Load on the shaft,L = Length of the shaft,E 

= Young’s modulus, I = Moment of Inertia. 

CALCULATION TO FIND LOAD 
Load    P      =

 Tension due to felt + Weight of the 

roller 

Tension     T =         

Torque × Length of the shaft 

Torque       t     =  15 

N/cm  

Tension       T     = 15 

× 23 = 345 N 

Weight of the roller        W       =

 250 Kg  = 2452.5 N 

Load      P =       345 + 

2452.5 =       2797.61N 

Moment of Inertia     I            =         

Mr
2
 / 2 

 

CALCULATION TO FIND MASS 
Mass                     M              =        Density × 

Volume 

Density            D =        7.548 × 10
3
 kg / 

m
3
 

Volume  V               =        V1+V2+V3+V4+V5 

Since there are five different diameters in the 

shaft, volume for respective diameter is 

calculated. 

V1 =πr
2 

h  = 0.000064089 m
3
 

V2 = πr
2 

h  =           

0.000117691 m
3 

V3 = πr
2 

h  =

 0.000054979 m
3
 

V4 = πr
2 

h  =

 0.000113097 m
3
 

V5 = πr
2 

h  =

 0.001599267 m
3
 

V        = V1+V2+V3+V4+V5 

= 0.000064089 + 0.000117691 + 

0.000054979+ 0.000113097 + 

0.001599267 

V = 0.001949123 m
3
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CALCULATION TO FIND DEFLECTION 

DEFLECTION FOR EN 8 

Mass   M = Density × Volume =    

7845 × 0.001949123 

M =    

15.29087 kg 

Moment of Inertia I             =        Mr
2
/2 

For calculating the moment of inertia, the 

radius is taken as 54mm as an average for the 

total shaft. 

Moment of Inertia       I         = 

 15.29087× 27
2
 / 2

 =      

5573.522115 mm
2
 

Deformation           D       =  5 

P L
4
/ 384 EI 

Since the load is acting per unit length, the load 

is divided by the length of the shaft on which 

the load is acting upon.                                      

 D =         

1.3742 mm 

 

DEFLECTION FOR O1 

Mass   M        = Density × Volume =    

7830 × 0.001949123 

M =     

15.26163309 kg 

Moment of Inertia I                =        

Mr
2
/2 

For calculating the moment of inertia, the 

radius is taken as 54mm as an average for the 

total shaft. 

Moment of Inertia       I         = 

 15.26163309 × 

27
2
/ 2 =      5562.86526 

mm
2
 

Deformation           D       =  5 

P L
4
/ 384 EI 

Since the load is acting per unit length, the load 

is divided by the length of the shaft on which 

the load is acting upon.                                      

 D =         

1.2867 mm   
Since the analytical and theoretical values have 

some deviation, the results are given in the 

following table with deflection values are in 

the descending order. 

 

 

COMPARISON OF ANALYTICAL AND 

THEORETICAL ANALYSIS 

 

 

ANALYSIS WITH INCREASED 

DIAMETER AND SHEAR STRESS 
Though the results were satisfying 

there was an alternate way of increasing the 

diameter. So the diameters of the materials 

were increased from 75mm to 85mm and new 

analysis was carried out. Finally the two results 

can be compared and a better and suitable 

solution is be given. 

 

S. 

No 
Material 

Density 

kg/mm
3
 

Young’s Modulus  

N/mm
2
 

Stress 

N/mm
2
 

Deflection  

mm 

Analytical Theoretical 

1 EN3A 7.87e
-6

 1.86e5 1711.54 1.10898 1.4729 

2 EN8M 8e
-6

 1.93e5 1772.67 1.07289 1.3964 

3 EN8 7.87e
-6

 2e5 1711.54 1.03135 1.3742 

4 A2 7.86e
-6

 2.03e5 1695.03 1.01440 1.3513 

5 W1 7.87e
-6

 2.05e5 1711.54 1.03135 1.3364 

6 EN1A 7.85e
-6

 2.05e5 1711.54 1.00620 1.3398 

7 CK45 7.87e
-6

 2.06e5 1711.54 1.00132 1.3299 

8 H11 7.80e
-6

 2.1e5 1695.03 0.980585 1.3163 

9 O1 7.83e
-6

 2.14e5 1695.03 0.962256 1.2867 
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Deflection and stress of EN 3A at 85 mm

 

Deflection and stress of EN 8M at 85 mm

 

Deflection and stress of EN 8 at 85 mm
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Deflection and stress of EN 3A at 85 mm 

 
Deflection and stress of EN 8M at 85 mm 

 
Deflection and stress of EN 8 at 85 mm 

Deflection and stress of A2 at 85 mm

 

Deflection and stress of W1 at 85 mm

 

Deflection and stress of EN 1A at 85 mm
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Deflection and stress of A2 at 85 mm 

Deflection and stress of W1 at 85 mm 

of EN 1A at 85 mm 
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Deflection and stress of CK 45 at 85 mm

Deflection and stress of H 11at 85 mm

 

By increasing the diameter the 

deflection has increased a bit. But the stress 

value has been decreased. This is because when 

diameter is increased the area will also be 

increased. We know that,Stress =  Load/ Area

Hence when the area increases the 

stress value automatically decreases as the load 

is constant. The detailed comparison is given in 

the following table between results of 75mm 

and 85mm. 
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Deflection and stress of CK 45 at 85 mm 

 
Deflection and stress of H 11at 85 mm 

 

Deflection and stress of O1 at 85 mm

By increasing the diameter the 

deflection has increased a bit. But the stress 

decreased. This is because when 

diameter is increased the area will also be 

increased. We know that,Stress =  Load/ Area 

Hence when the area increases the 

stress value automatically decreases as the load 

is constant. The detailed comparison is given in 

following table between results of 75mm 

CONCLUSION 
The major causes of failure of shaft 

are the vibration and radial load. These loads 

are acting over the shaft during its operation 

and lead to the shaft failure. The failure of shaft 

can be reduced by redesigning the shaft. 

Redesigning of shaft can be obtained by either 

increasing the diameter of shaft or by changing 

the material properties of shaft.By increasing 

the diameter of the shaft only the stress is 

reduced due to increase in area where

deflection increases. From the Mathematical 
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Deflection and stress of O1 at 85 mm 

The major causes of failure of shaft 

are the vibration and radial load. These loads 

are acting over the shaft during its operation 

and lead to the shaft failure. The failure of shaft 

duced by redesigning the shaft. 

Redesigning of shaft can be obtained by either 

increasing the diameter of shaft or by changing 

the material properties of shaft.By increasing 

the diameter of the shaft only the stress is 

reduced due to increase in area whereas the 

deflection increases. From the Mathematical 

and 
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ANSYS results, the redesigning of shaft is 

advisable by changing the material of shaft. The 

results show that O1 toolsteelshows 

lessdeflection and stress than EN 8 steel which 

is currently in use. Thus O1 tool steel is advised 

for better and enhanced shaft life period. 
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