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Abstract—The present project is based on the concept of CAD-CAE and its industrial application. CAD- CAM is very wide field which began 

with automotive industries and then it spread up in almost all the industries like medical application; mechanical engineering; civil 

engineering; marine services and such others. Mechanical engineers mainly concern with core industrial processes like manufacturing of steel, 

forging, casting and many such others. How CAD-CAM-CAE provides assistance and how it can be beneficial to the industry is always been a 

question mark. For this project pulp washer press in paper industry is reverse engineer for modeling and perform stress analysis on it, for 

knowing stress distribution, failure causes and its optimization. 

“Time is money” this phrase became most important phrase for all industries. Now a day, as the market is volatile and life cycle of product 

is very less which cause frequent changes in a product to meet with customer requirement. To sustain a market most of the industries are trying 

to developed a new concepts or product with less time and the best possibility of the production. This is possible now a day due to emerging 

technology called CAD-CAM-CAE. A detailed Finite Element strength analysis can provide valuable information about mechanical stresses in 

the overall assembly of the pulp washer press. This information is especially useful in regions where the experimental data are barely possible 

to gather. Mechanical stresses are analyzed using applied torque, in the roller and other mechanical components. The resulting 

displacement/stress fields may be utilized for the evaluation of operational conditions i.e. stress on hollow shaft of pulp washer press as well as 

strength and failure resistance of the assembly. Such information contributes to a detailed understanding of the mechanical stresses and failure 

analysis in pulp washer press assembly under pulp washing operation in paper industry, which is a prerequisite for further optimization of pulp 

washer press design. 
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I. INTRODUCTION  

In India, three main raw materials sources are used to 

manufacture paper are Wood account for 30%, Waste Paper 

39% and Agro based Raw Materials 31%. The current Global 

requirement is to protect the environment and saving of trees 

to control Global warming which is the threat to mankind. 

Paper Mills are responding to this call of the day and using 

Paper recycling process to fulfill the need of paper. Paper 

recycling is the process of turning waste paper into new paper 

products. Paper Mills produces the finest quality wood free 

and chlorine free paper with state of art technology and 

machines. The Paper products can be used for making Note 

Books, Text Books, Novels, Examination Material, Envelopes, 

Computer Stationery, Annual Reports, Journals, Diaries, 

Leaflets, Calendars, Writing pads, Photocopying etc. Paper 

Mills believes that the workspace plays a very major role in 

the productivity of an employee therefore the campus has a 

unique state-of- the- art infrastructure well equipped with the 

latest technology. Products are Printer paper, News Print, 

Coated Paper, Carbonless Paper, Pearl Graphics Paper, Color 

Craft Paper, Insulation Craft Paper, Disposal Glass Paper, 

Invitation Card Paper, Fax machine paper, Boards for files, 

books, packaging boxes etc. 

Paper and Paperboard Production Process: 

The paper manufacturing industry converts raw materials, 

primarily waste paper, agricultural waste and wood into 

various paper and board products. Lignin (one of the major 

constituents of wood, which gives strength, is removed by 

mechanical or chemical process known as pulping and the 

pulp fibres are bound together again to form end product. The 

wood can be either from coniferous trees (softwood) or from 

broad leaved trees (hardwood). Softwoods are preferred for 

papermaking as they have longer fibres which give stronger 

pulp. Hardwoods are favoured for corrugated board and 

newsprint. The other sources of pulp includes, recycled fibres 

(newspaper, cardboard, computer paper etc.) and agricultural 

waste. A range of chemicals are required for pulping, 

depending on the process being used. In paper and board 

making fillers and additives are used to create product with the 

required physical characteristics. Biocides, bleaches, barriers, 

coatings and dyes are also used to produce desired brightness, 

finish and colour. 

a) Mechanical pulping: 

Logs are debarked mechanically in a revolving drum or 

hydraulically using high pressure jets. After debarking, the 

Logs are mechanically reduced to their constituent fibers, 

either by forcing the logs against the grindstone, or by 

chipping it into pieces about30 mm square and 5 mm thick. 

The chips are washed to remove mineral or metallic particles 

and passed to a refiner which reduces them to their constituent 

fibers. Mechanical pulping or thermo mechanical pulping 

processes are used. The pulp is cleaned by adding water and 

then thickened by removing dirty water. The thickened pulp is 

then sent to pulp storage tank as unbleached pulp, prior to 

bleaching and stock preparation. Potentially the pulp can then 

be dried for transport and use off site. Mechanical pulp has 

lower strength than chemical pulp because the fibres have 

been mechanically shortened. And it has high residual content. 

Mechanical pulp is used for paperboard and newsprint. 
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b) Chemical pulping: 

Chemical pulp production is limited but chemical pulping 

results in a lower yield than mechanical pulping, but the 

quality of pulp is better since the fibres are not damaged. 

Chemical pulping operation involves cooking the chips in a 

solution comprising sodium hydroxide and sodium sulphate 

called ‘white liquor’ at elevated temperature and pressure for 

1-2 hours. Then chips are washed to remove residual liquor 

i.e. ‘black liquor’ screened and cleaned of any remaining 

impurities. The recycling of black liquor is an integral part of 

process. 

c) Bleaching and Drying: 

All pulp requires bleaching to remove residual lignin 

before paper and board making commences. For mechanical 

pulp, hydrogen peroxide, sodium hydrosulphite or 

formamidine sulphuric acid are typically used for bleaching. 

Chlorine was widely used in the past but it affects 

environment. In chemical pulping, majority of lignine has 

been removed in the pulping stage and bleaching is basically a 

continuation of the process. Sodium hypochlorite or hydrogen 

peroxide may be used for brightening chemically pulped 

fibers. After bleaching pulp is washed and thickened in where 

chlorine has been used for bleaching, chemicals are added to 

remove residual chlorine. 

d) Refining and chemical addition: 

The manufacturer of paper pulp begins with ‘slushing’ 

which turns the pulp into aqueous slurry that allows fibers to 

be dispersed. The pulp is then treated by mechanical refining. 

During this process, Clusters of fibers are brushed out and cut 

to a more uniform length, thereby further increasing their 

adhesion. 

e) Sizing: 

Sizing is a process of coating the fibers and filling the 

pores of the paper or board. This can be done at refining stage, 

by addition of rosin, aluminum sulphate, starch or water glass. 

Fillers, additives, dyes are also added to improve strength and 

quality of paper and board. 

f) Paper formation and pressing: 

Papermaking machines are based on the fourdrinier 

machine of the early 19
th

 century. The pulp is distributed 

under pressure on to a moving fine mesh screen called the 

wire. The wire is continuous, and the fibres form a sheet while 

water is removed by gravity and suction. The surface of the 

paper may be sprayed with glue like substances such as rosin 

and wax emulsions to size the paper. The sheet is then passed 

through a number of presses to remove excess water and to 

force the fibres closer together. 

g) Drying, smoothing, rolling and storage: 

Residual moisture is removed and further fibre bonding 

occurs in the drying section of the machine. Here the paper is 

passed through a series of steam heated cylinders. It may be 

coated, further dried and possibly calendered, a process in 

which sheet is pressed between metal rollers to reduce 

thickness and smooth surface.  Finally the sheet is removed 

from the machine on to a reel. Final products such as paper, 

paperboard, cartons, boxes and bags are most likely to be 

stored on reels or in boxes in bulk, in a warehouse and then 

transferred to dispatch area for transport via truck or train. 

Introduction to Pulp Washer Press: 

A pre-study is conducted to get acquainted with the pulp 

washing, and understand the associated problems. This study 

has resulted in a number of goals and demands. In the pulp 

washing press pulp to be washed is fed between the rotating 

cylinders, so that pulp passes along a curved track around the 

pressing roll, being thereby pressed several times. Washing 

liquid is fed to the pulp at one or several points along its track 

of movement, between the pressings and / or at the pressing 

position. Washing thus takes place partly as diffusion and 

partly as a displacement washing process. Washing is efficient 

and reduces the breaking of pulp fibers down to a minimum. 

After the pre-study of failures in pulp washer press, one was 

selected to continue working with optimization of pulp washer 

press design. The selected problem is further evaluated 

through personnel visit to the Laxmi paper and board industry 

and use of CAD and FEM software thus the solution is found 

out from the result. 

II. LITERATURE REVIEW 

A.A. Adekunle, S. B. Adejuyigbeb & O.T. Arulogunc.:  

In time past, designs of shafts were conservative in 

approach as relatively low working stresses were and where 

high stresses are involved; greater shaft dimension is 

employed for such design. This approach necessarily made the 

production cost high as quite a lot of materials are involved in 

such production. The primary reason for such approach is to 

safeguard the shaft failure in most operations. Unfortunately, 

the mechanism of failure mode was not well understood and 

because most of the applications in which shafts are employed 

are of great importance, which in some cases affects life 

negatively (i.e. involving loss of lives) and distortion of 

operations. Despite all these developments, designers are still 

faced with the problems of working with large numbers of 

formulas, computations and iteration procedures involved in 

the design of shafts. These have made the design procedures 

of shafts both cumbersome and rigorous, hence time 

consuming. This problem becomes more pronounced if the 

designer is interested in seeing the effects of the variation of 

one or more design parameter, this means he has to start again 

from scratch. Fortunately, these problems can be overcome if 

the various advantages, utilities and flexibilities which modern 

high speed microcomputers offer are put into good use in the 

design of shafts. This study was carried out to design shaft 

under various loading conditions using Computer Aided 

Design, and results gotten proved that it saves wastage of 

materials, and it safes time as well. A software package (or 

program) was developed using the formulas initially derived 

and a numerical procedure for computing the deflection using 

the double integration methods. The Programming language 

used was Visual Studio C.  This objective was achieved in part 

as the program so developed satisfactorily handle designs 

based on strength and safety of the shaft. 

Pramod J. Bachche, R.M.Tayade: 

Centrifugal pump is world one of the oldest water pumping 

devises. The current work deals study Shaft of centrifugal 

pump for static and dynamic analysis. As we know roto 
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dynamic machineries are designed keenly as there is lot of 

fluctuation in the loads and speeds. The shaft is analyzed by 

using finite element analysis technique for stresses and 

deflections. The total work is carried out in two stages first 

stage is static analysis. In this stage pump shaft is analyzed for 

stresses and deflection and same results are verified using 

graphical integration method. And second for dynamic 

analysis, in this stage result obtained by static analysis are 

used to calculate dynamic forces coming in pump shaft. Again 

shaft is analyzed in dynamic input condition and results are 

verified by using graphical integration method. The software 

used for the finite element meshing is HYPERMESH and 

solver used is RADIOSS. Result values obtained for deflection 

and stresses are compared in both cases. Result obtained by 

graphical method and FEA are nearly similar and are in 

acceptable limits. For given selected shaft the study is carried 

out for following parameters. a) Static and dynamic deflection 

of the pump shaft is determined using finite element analysis. 

b) Stresses developed in pump shaft for static and dynamic 

condition using finite element analysis. c) Static and dynamic 

deflection of the pump shaft using graphical integration 

method. 

Problem Defination:  

The shaft of pulp washer press having flywheel and 

pulley is subjected to heavy torque and bending load. Existing 

shaft is made hollow to reduce weight. Torque is applied using 

5 HP, 3 phase AC motor and belt drive mechanism. It is found 

that sometimes shaft fails at flange and pulley locations under 

shear stress. Failure of shaft causes complete breakdown of 

manufacturing process and requires 6 hours for replacement. 

The shaft has weak design due to hollow shape, key ways and 

steps causing stress concentration. The aim of this project is to 

find out stresses in shaft of pulp washer press and generating 

solution to minimize breakdown. 

Aim: - 

The aim of the project is to study the failures in pulp 

washer press and follow the procedure of reverse engineering 

for modeling then performing stress analysis and optimization 

of its components. 

Objectives:-  

1. Study the pulp washer press operation. 

2. Model pulp washer press using CAD software. 

3. Analyze the stress distribution across the pulp shaft carrying 

flywheel and belt pulley. 

4. To compare analytical results with analysis software result. 

5. Study of materials for shafts subjected to torsion and 

bending. 

6. Developing several alternatives to reduce stress 

concentration in shaft. 

III. METHODOLOGY 

1. Detailed study of pulp washer press has been done.  

2. Focusing on the available specifications of pulp washer 

press. 

3. Modeling of pulp washer press using CAD software from 

data obtained from the reverse engineering. 

4. Using existing materials and its properties for components, 

the analysis is carried out. 

5. Stress analysis of hollow shaft subjected to torque and 

bending load is performed by using FEA software ANSYS. 

6. Stress distribution Analysis of shaft for locations of high 

stress value. 

7. Modifications in existing design of shaft and changes in 

material to reduce stress concentration. 

8. Stress distribution analysis of newly designed shaft and 

comparison with existing shaft. 

Introduction to modeling software:- 

PTC Creo, formerly known as pro/ENGINEER, is a 

3D CAD/CAM/CAE feature-based associative solid modeling 

software. Pro/ENGINEER is a computer graphics system for 

modeling various mechanical designs and for performing 

related design and manufacturing operations. The system uses 

a 3D solid modeling system as the system uses a 3D solid 

modeling system as the core, and applies the feature-based, 

parametric modeling method. In short, Pro/ENGINEER is a 

feature -based, parametric solid modeling system with many 

extended design and manufacturing applications 

manufacturing applications. Pro/ENGINEER was the first 

CAD system entirely based upon feature-based design and 

parametric modeling. Today most software producers have 

recognized the advantage of this approach and shifted their 

product onto this platform. 

 
Fig. 3D colour Model of Pulp Washer Press 

 
Fig. Driving Shaft of Pulp Washer Press 

https://en.wikipedia.org/wiki/3D_modeling
https://en.wikipedia.org/wiki/CAD
https://en.wikipedia.org/wiki/Computer-aided_manufacturing
https://en.wikipedia.org/wiki/Computer-aided_engineering
https://en.wikipedia.org/wiki/Solid_modeling
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Analytical Calculations for design of driving shaft 

Available Data: 

1) Motor Power (P) = 5 HP = 3.73 KW =  3.73 x 10
3 
 W 

2) Weight of Flywheel (Wf) = 1948N 

3) Weight of Pulley (Wp) = 93 N. 

4) Radius of Pulley (R) = 60 mm. 

5) Outer Diameter of shaft (D0) = 100 mm. 

6) Inner Diameter of Shaft (Di) = 50 mm. 

7) Permissible Shear stress (Fs) = 50.75 MPa. 

8) Coefficient of friction of belt and pulley (µ) = 0.3 

9) Angle of contact between belt and pulley  (Ɵ) = 180
0
 

Solution: 

We Have, 

P= 5 HP =3.73 KW = 3.73x 10
3
 W 

But, P = 2πNT/60 

Thus, T = P x 60 / 2πN 

T = 3.73 x 10
3 
x 60 / (2π x 60 ) 

T = 509.1 Nm = 509.1 x 10
3
 N.mm 

Let,   T1 = Tension in tight side of belt  

T2 = Tension in slack side of belt  

T1/T2 = e
µƟ  

= e
(0.3 x π )

 = 2.5 

T = (T1-T2) x R 

509.1 x 10
3
 = (T1-T2) x 60 

509.1 x 10
3
 = (2.5 T2-T2) x 60 

Thus T2 = 5656.66 N 

And T1 = 2.5 x T2 = 2.5 x 5656.66 = 14141.66 N 

Bending Moment Calculations (M)  

M = (Wf x 350) + (T1 + T2 + Wp) x 550 

M = (1948 x 350) + (5656.66 + 14141.66 + 93.09) x 550  

M = 11622065 N.mm 

Equivalent Twisting Moment Te 

( Te) =  ) 

Te   =    [ (509.1 x 10
3 
) 

2
 + 11622065

2
  

Te = 11633210.119 N.mm But,  

 Te = π Fs Do
3
(1- k

4
) / 16                                ( k = Di/D0 = 

0.5) 11633210.119 = 3.14 x Fs x 100
3
 x (1- 0.5

4
) / 16 

Fs  =  63.22 N/mm
2
 Shear stress acting on shaft is more than 

permissible shear stress thus shaft may fail due to combined 

twisting and bending load. 

If outer diameter Do is increased to 110 mm 

11633210.119 = 3.14 x Fs x 110
3
 x (1- 0.5

4
) / 16 

Fs = 44.53 x (1-0.5
4
) = 47.49 N/mm

2 

Shear stress acting on shaft is less than permissible shear 

stress thus design of shaft is safe to carry bending and torsion 

force. Above calculations shows that shear stresses in existing 

shaft with 100 mm diameter are 63.22 N/mm
2
, thus shaft may 

fail due to torsion and bending. If external diameter of shaft is 

changed to 110mm shear stress value reduces to 47.49 N/mm
2
 

and shaft design may become safe. 

IV. ANALYSIS OF DRIVING SHAFT USING FEA SOFTWARE  

 
Fig. ANSYS Driving Shaft Model 

 

 
Fig. Model Mesh Figure 

 
Fig. Model Static Structural Force 1 

 
Fig. Model Static Structural Force 5 
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Fig. Model Static Structural Figure 

 

 
Fig. Model Static Structural Solution Total Deformation 

 

 
Fig. Model Static Structural Solution Equivalent Stress (shaft 1) 

 
Fig. Model Static Structural Solution Equivalent Stress (Modified shaft) 

V. CONCLUSION  

The present project is based on steady state analysis of 

driving shaft of pulp washer press. Effect of many factors like 

notch sensitivity, crack propagation, vibrations, shocks, 

varying torque ,friction, temperature changes, inertia effect are 

eliminated to get required results. High level FEA and 

Simulation software can be used to get more accurate results. 

In actual practice sometimes failure of gears, studs, belt drive, 

keys and rollers also takes place which leads to machine 

breakdown. FEA methods can be used to optimize these 

components and will help to improve productivity.  
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