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I. INTRODUCTION

In tropical and subtropical regions, sugar cane is a
grass of the genus Saccharinwhich is grown
approximately producing 4000 lakh metric tons of
raw sugar worldwide. For extraction of juice, the
three roller mills are which consists of three rollers
i.e. Top, Feed and Discharge rollers. These rollers
are carried on heavy shafts running in their bearing
placed in pair of headstocks or casing, which are
bolted on a bed plate. These three rollers are housed
in a heavy cast steel frame known as “Mill Head
stock” or “Mill housing”.

The bearings are supported in sugar mill head stocks
in which rollers rotate at various speeds. The size of
the head stocks is important as they have to carry
the forces experienced by the rollers for different
capacities. In the Factory, sugar cane are placed and
fitted on the elevator which takes them to the cane
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crushing mill where the juice is squeezed out. The
cane mill consists of two parts: the crushing rollers
& squeezing rollers. ™

The revolving knives are sometimes followed by
crushing rollers. The crushing rollers are arranged in
pairs and the squeezing rollers in three-one at top
and two at bottom. At the start of the season, the
three rollers of a mill are fixed relative to each other
and their positions in the housing are adjusted. The
grooving of squeezing rollers is done to grip the
cane and to allow passage ways to juice. The
bearing which carry the rollers are able to slide
andthe rollers are pressed together by hydraulic
pressure so that each top roller exerts constant
pressure on the lower roller. The pressure developed
during milling depends on the layer of bagasse.
Generally in sugar plant sugar cane passes from first
mill to last mill to provide maximum extraction of
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juice from bagasse. In larger mills the total pressure

will be distributed over a large area of the bagasse.
[11]

Fig 1.Conventional Three Roller mill Assembly [1]

It is highly desirable that the structural integrity of
mill head stock should be maintained as they play
an important role in the sugar industry. The finite
element method is a powerful tool to furnish an
accurate solution to a large class of engineering
structural problems, which involve considerable
geometric complexity and various load types.
However finite element models of various levels of
sophistication depend on the requirement of the
problem considered. The accuracy of a good Finite
Element model should be validated with the
experimental values. Upon satisfaction the model
can be used for further design development with
confidence. Considering the above three roller mill
can prove the best option because it requires trash
plate. Hydraulic load is transferred & distributed to
the Mill head stock in different section.™*?

This has been shown in the Fig.1. Three rollers have
better drainage capacity because of its high
extraction efficiency & less juice absorption by
bagasse, easy operation & maintenance, simple
horizontal adjustment of mill setting, large
bearingjournals which provides acceptance of high
mill loads. Therefore in sugar industry it is very
essential to design three roller conventional mills as
it has got above advantages. ™!

Il. LITERATURE REVIEW

It depicts attempt towards research work carried out
in the area of analysis and feature driven
optimization of Headstock of Sugar mill, it is found
that an evolutionary research has been done and
keeps on expanding in this topic. A quite good
amount of research work is found available on
various areas of Headstock analysis and optima-
zation.

The advantages of using ©¥407”X80” mill head
stocks by designing & analysis by ANSYS
software. ™ In this study theoretical study has been
done considering the Bending moment & force
polygon diagrams. Bending moment factor which
helps in finding actual results. By changing various
parameters the performance of mill headstocks is
studies using static structural analysis & the same
are compared with above theoretical results. Based
on results the optimum design is proposed. ANSYS
software is used to calculate principal stresses,
deformation of mill head stock. The stress values
calculated theoretically as well as ANSYS is nearer
and that too much less than the principle & tensile
stress value. From above results & mill head stock
parameters is safe. Therefore the conventional sugar
mill head stock is suitable for Dia. 40”x80” mill
size.

The advantage of using two roller sugar mill over
three roller sugar mill by designing and analysing it
with FEA techniques. The roller mill needs to be
designed in order to satisfy the condition of keeping
number of stages same while maintaining optimum
crushing rate. In this study theoretical analysis has
been done considering simply supported beam with
two conditions i.e. determinate beam and
indeterminate beam. By comparing results of above
two conditions one factor has been calculated i.e.
Bending moment factor which helps in finding
actual results. By changing various parameters the
performance of roller mill is studied using FEA
software and the same is compared with above
theoretical results. Based on results the optimum
design is proposed. ANSYS software is used to
calculate stress-strain state of roller mill. The stress
value calculated theoretically as well as from FEA
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are nearer and that too much less than the allowable
stress value. From above results and discussions it is
concluded that two sugar roller mill for above same
parameters is safe. Based on the above advantages it
is proposed to have two roller sugar mill.
Sugarcane roller mill is the vital part of sugar
industry. The main objective of milling is to
separate the sucrose-containing juice from the cane.
The extraction of juice in a mill is achieved by
squeezing prepared cane between two rolls. Finite
Element Method is a numerical technique used to
carry out the stress analysis. In this method the solid
model of the component is subdivided into smaller
elements, constraints and loads are applied to the
model. Geometrical model is created using 3D
modelling software CATIA V5. The static analysis
of each component is carried out using analysis
software ANSYS WORKBENCH. The results for
maximum shear stress on the top, feed, discharge
roller are calculated analytically and compared with
the results from software. Static analysis of all three
rollers is done using different materials for
analysing the variation in results. Maximum shear
stress value for top, feed and discharge roller is less
than yield strength in shear of material so, all three
shafts are safe. As the value of maximum Shear
stress is very less than yield strength in shear of
material, so there is scope for weight optimization.
[3

The basic three-roller mill designed and developed
in early 1900s incorporated two compressions in the
mill  with  high frictional work between
compressions over the trash plate. Three roller mills
which are used for extraction of juice consist of
three rollers i.e. Top, Feed and Discharge rollers.
Sugarcane is being fed into top and feed rollers
which further passes through top and discharge
roller along with trash plate. This trash plate is
having a downside that 25% of total hydraulic load
is shared by this trash plate in overcoming friction
and remaining 75% only the useful one, i.e. 25%
hydraulic load is shared by feed roller and 50% is
shared by discharge roller. Today, heavy-duty
shredders and fibrizors prepare the sugarcane with
up to 90% open cells before it is fed to the mills. As

a result, frictional work over the trash plate is no
longer necessary, so eliminating the trash plate was
an obvious choice for engineers. Considering above
pitfalls two roller mills can be the best option
because it doesn’t require trash plate and any trash
plate adjustment and replacement. Two roller mills
consist of only two rollers i.e. top and bottom roller.
100% of hydraulic load is available for compression
at bottom roller. Hydraulic load required is 70% of
same size conventional 3-roller mill which is not
shared and directly transferred to the bottom roller.
2-roller has better drainage because of its simplicity;
capital cost is 12% less than traditional mill, no
slippage and less juice absorption by bagasse. In
this, shaft of bottom roller is a critical part which
should be designed. From results that Weight of
Solid Shaft= 14087 kg , Weight of Hollow shaft =
10721 kgand discussions it is concluded that two
sugar roller mill with hollow shaft is preferable one
and it offers much greater safety factors against
failures.[

The material optimum distribution paths and the
topology optimization results are obtained by Opti-
Struct software which meets the engineering
constraints. The analysis provides optimization
methods and ideas for the headstock of rotation
mechanism. The material optimum distribution
paths and material optimum thickness is calculated
here by software, but there are many issues to be
considered in the actual project, such as the casting
technology, the installation requirements and so on.
So it is needed to continue on studying.

There are many external causes of shaft failure
which can be eliminated by changes in mill design
and operation, such as an improvement in the tailbar
coupling, and limitation of the hydraulic loading.
But in the final analysis, it is evident that the major
causes of failure originate on the surface of the roll
shaft. "Tender Loving Care" of the surface of the
shaft can therefore be rewarded by a much longer
life for the shafts. One of the areas in which this
care can be applied with great effect is in adequate
planning of the roll repairs and reshell programme
for the annual off crop. Whenever the persons
involved in repair and machining are pressed for
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time, mistakes which escape notice until a failure
occurs can easily be made. Provided all the
precautions enumerated in this paper are carefully
observed there is no reason why every roll shaft
should not give a minimum life of 10 million tons
of cane. Theoretical analyses of shaft stresses and
fatigue stress concentration factors have been
carried out to determine whether present shaft
design, machining practices, material specifications
and shell assembly techniques are satisfactory and
whether they can be improved. The feasibility of
using adhesive to fix the shell to the shaft is
discussed and some recommendations to users and
manufacturers on roll shaft and shell specification,
design, assembly and operation are given. ™!
Residual stress measurement is of critical
significance to in-service security and the reliability
of engineering components, and has been an active
area of scientific interest. It offers review of several
prominent mechanical release methods for residual
stress measurement and recent developments,
focusing on the hole-drilling method combined with
advanced optical sensing. Some promising trends
for mechanical release methods are also analysed.
Non-destructive methods include several well
established techniques that are all relatively
expensive. X-ray diffraction can only be used as a
surface  measurement technique for certain
crystalline materials and is sensitive to surface
preparation. Magnetic testing methods can only be
used on magnetic materials and are based on the
changing relationship between stress and the
magnetization curve in the process of ferromagnetic
saturation. And ultrasonic testing is simple in
principle, and is suitable for depth varying residual
stress measurements although there are still some
difficulties to overcome such as distinguishing
sound velocity changes caused by materials defects
or stress. [°!

The premature failure of journal bearings
encountered in sugar mills has been analysed. The
causes of Dbearing failure are identified by
simulating the operating conditions and conducting
controlled experiments on a fully automated Journal
Bearing Test Rig with provisions for varied

combination (i.e. load, speed, and lubricating oil) of
operating conditions. The results of performance
behaviour (i.e. coefficient of friction, change in
surface roughness and weight loss) of the bearings
as observed in these experiments have been
reported. The theoretical and experimental results
indicate the existence of boundary lubrication
conditions in sugar mill journal bearings. To
mitigate the problem of relatively high wear,
lubricating oil with boundary additives have been
tried and results are reported. "

In the present work ANSYS 13 has been used for
analysis of knuckle joint with modified material and
varying loads. Many systems used in industries use
knuckle joint which is combination of two
materials: cast iron and stainless steel. Here we are
proposing the modification of one of the material
that is changing cast iron into a composite polymer
material. The proposed system has many advantages
over other system such as making the device,
simpler and having maximum safety and is eco
friendly. The analysis of the system proves all the
above features mention above. The reason for
considering polymer is that property of polymer is
mostly similar to the property of metal. Composite
polymers are characterized by a high flexibility
material. The revolutionary evolution in technolog-
ies in last year allowed reducing stress and strain. [©
The overall subject is the frequent failure analysis of
output shaft of gear motor used for cold rolling mill
to drive the Pay-off Four-HI (Horizontally inserted).
One end of that shaft is connected to the claw
coupling to the drive of the Pay-off four-HI .By
considering the drive system forces and torque
acting on the output shaft are determine using which
the stresses occurring at the failure section are
calculated . Stresses analysis is also carried out with
analytical method and comparing these results with
the software results that is done using the ANSYS
software after getting all the different parameter
redesign of shaft is done and again analysing the
shaft using ANSYS and hope that shaft may
torsional Rigid. !
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I11. COMPANY SURVEY

The survey was carried out in Kadwa sugar factory
located at Nashik, Maharashtra, India. Fig 2, Fig 3
and Fig 4 shows side view, front view and Top view
of actual Headstock in Kadwa Sahakari Sakhar
Karkhana, Nashik respectively.

1/}

Fig 4. Top view of $50”X ¢ 100” sugar mill

IV. METHODOLOGY AND 3-D MODEL OF
HEADSTOCK USING FINITE ELEMENT
SOFTWARE

Fig 5 shows complete methodology of work .FEA
consists of a computer 3 D model of a material or
design that is stressed and then it is analysed for
particular results. It is used in new product design,
and existing product refinement. A company is able

to verify a proposed design will be able to perform
to the client's specifications prior to manufacturing
or construction. Modifying an existing product or
structure is utilized to qualify the product or
structure for a new service condition. In case there
is structural failure, FEA may be used to help to
determine the design modifications to meet the new
design condition. There are generally two types of
analysis that are used in industry: 2-D modelling,
and 3-D modelling. While 2-D modelling has
simplicity in nature and allows the analysis to be
run on a relatively normal computer, it tends to
yield less accurate results. 3-D modelling, however,
produces more accurate results while sacrificing the
ability to run on all but the fastest computers
effectively.

Within each of these modelling schemes, the
algorithms (functions) can be put which may make
the system behave linearly or non-linearly. Linear
systems are far less complex and generally do not
take into account plastic deformation. Non-linear
systems do account for plastic deformation, and
many also are capable of testing a material all the
way to fracture. FEA uses a complex system of
points called nodes which make a grid called a
mesh. This mesh is programmed to contain the
material and structural properties which define how
the structure will react to certain loading conditions.
Nodes are assigned at a certain density throughout
the material depending on the anticipated stress
levels of a particular area. Regions which have large
amounts of stress usually have a higher node density
than those which experience little or no stress. The
mesh acts like a web of spider in that from each
node, there extends a mesh element to each of the
adjacent nodes. This web of vectors carries the
material properties to the object, creating many
elements. A Finite Element analysis consists of
three stages; Pre-processing, processing, and post
processing. A complete finite element analysis
software is a logical interaction of these three
stages. ('
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Detailed survey of sugar mill to understand milling process

AV 4

To identify manufacturing process i.e. casting

N

Identify materials ,Headstock - Grey Cast Iron & Pins -
Structural steel

e

Identify components of assembly i.e. shaft, roller mill,
bearings, knuckle joint, pins etc.

NS

FEA Analysis of Knuckle joint and validating it with
theorotical calculation.

AV

FEA Analysis of Headstock

N

Thickness optimization of headstock & its FEA analysis

Fig 5. Methodology for work
1) Pre-processing:
Pre-processing is something which is done before
processing your analysis. The processes such as
nodal coordinates, finding out of the connectivity,
boundary conditions, loading and information of
material comes under Pre-processing. The
preparation of data require considerable effort if all
data are to be handled manually. If the model is
small, the user can often just write a text file and
feed it into the processor, but as the complexity of
the model grows and the number of elements
increase, writing the data manually can be very time
consuming and error-prone. Therefore it is
necessary with a computer pre-processor which help
with mesh plotting and boundary conditions
plotting. We can change loads, boundary conditions,
mesh and element properties and material. All this
is done graphically to minimize the chance of error.
The only limitation is that you cannot draw
geometry by your own; you have to select one of the
pre-generated geometries.
2) Processing
The processing stage involves stiffness generation,
stiffness modification, and solution of equations,
resulting in the evaluation of nodal variables. This is
a typical "black box"-operation, as the user will see
little of what is going on. We feed data from the
pre-processor, and get data out.

3) Post processing:

The post processing stage deals with the
representation of results. Typically, the deformed
configuration mode shapes, temperature, and stress
distribution are computed and displayed at this
stage.

Fig 6. 3D Model of Sugarcane Mill Headstock
The 3 D model shown in Fig 6 is made by actual
dimensions given in AutoCAD design. The model is
divided into two parts. One is body and one is pins.
The body is made of Grey cast Iron and pins are
made of structural steel and mass of original
headstock is 40468 kg.

V. MESHING OF 3D MODEL
Meshing is divided into two parts.

Yogini .V. Deore et al IIMEIT Volume 05 Issue 04 April 2017

1) Body
2) Pins
Fig 7. Meshing of Headstock
Fig 8.Meshing for body.
Page 1555




pins
06-04-2017 20:20

I pins

x
2e+003 (M)
z

Fig 9.Meshing for pins.

Fig 7 shows complete meshing of Headstock. The
scoping method used is Named selection which is
divided in body and pins. Thus, Fig 8 shows the
Meshing of Body of Headstock made of Grey Cast
Iron. In Fig 9, the Meshing of pins is shown which
is made of structural steel. Table 1 depicts the
Meshing method used i.e. Tetrahedrons, where the
size of body is 65mm and pins is 25mm.The no. of
nodes are 212663 and no. of elements is 123475.
The behaviour of Meshing is soft.

Tablel. Details of Meshing

1e+003

Scoping Method-Named Selection

Body | Pins
Method Tetrahedrons
Behaviour Soft

Element Size | 65 mm | 25 mm
Nodes 212663

Elements 123475

Mesh Metric None

VI. BOUNDARY CONDITIONS & LOADS

The three coordinate systems are generated. The
remote force of 50 KN is applied on them in
outward direction. Then the graph is plotted of
displacement versus force which holds a linear
relationship. Condition for analysis is fix +
frictionless.

Fig 10. Coordinate systems for Headstock
Fig 12 shows Headstock with; remote force applied
is 50 KN in outwards in X direction with certain

angle. Fig 13 shows Headstock with, remote force
applied is 50 KN in outwards in Y direction with
certain angle. Fig 14 shows Headstock with remote
force applied is 50 KN in outwards in negative or

EE Remote Force: S0000 ™
te Force 2: 50000 M
te Farce 3: 60000 M

o
224003 (mm)
) z

111111

Fig 11. All Remote forces applied on headstock
assembly

Fig 12. Headstock with, remote force applied is 50
KN in outwards in X direction with certain angle

Time:1. s

06-04-2017 15:40

Il Rermota Force 2@ 60000 N
carm

ponents: 0,50000,0. M
Location: -1 04358-008, -1.138-004, 310, m

1e+003

Fig 13. Headstock with, remote force applied is 50
KN in outwards in Y direction with certain angle.

D: fix+frictionless
Rernote Force 3

Time: 1. s
06-04-2017 19:40

»
2e+003 (mrm}
z

Fig 14.Headstock with remote force applied is 50
KN in outwards in negative or opposite X direction

1e+002
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VII. THICKNESS OPTIMIZATION

The mass of original Headstock is 40468 Kg. This
mass is quite large, due to which the material
required is also very high, because of which the
ultimate cost is high. Hence we carried out much
iteration of various thickness sizes to find out the
stress which the headstock can sustain and whose
value is below maximum shear stress of cast iron
material. This stress is 125 MPa .The original
thickness of headstock is 620 mm. Thus, we started
thickness from 60 mm and reduced it by 5 mm.
simultaneously the stress and deformation was
increasing. At thickness of 20 mm, the stress came
to be 132.14 MPa which is greater than maximum
shear stress and hence it is not acceptable. So we
select thickness of 21 mm with stress of 92.545
MPa , which is safe . The mass for 21 mm thickness
is 6286.4 Kg.

Table 2 shows various thicknesses with their mesh
sizes, number of nodes, elements, and
corresponding deformation and equivalent (von-
mises) stress values.

VIII. RESULTS AND DISCUSSIONS

a) Stresses and deformation for Original Headstock
Assembly.

Fig 15 shows Maximum shear stress which is
1.7101 MPa. Von —Mises or Equivalent stresses for
pins which are made up of structural steel material,
with maximum value of 2.9628 MPa and minimum
of 0.014489 MPa is shown in Fig 16. Total
Deformation of Headstock, with maximum
deformation of 0.06491 mm and minimum
deformation of 0 mm as seen in Fig 17. Fig 18
shows equivalent stress for Headstock which is
2.9628MPa.

b) Stresses and deformation for optimized thickness
of 21mm for the Headstock Assembly.

Maximum shear stress for headstock body is 52.368
MPa as seen in Fig.19. Equivalent stresses (Von —
Mises) for pins is 4.7058 MPa as seen in Fig.20.
Total deformation of Headstock is 2.6754 mm as
shown in Fig 21. Fig.22 shows Equivalent stress for
optimized Headstock is 92.545MPa which is less
than maximum shear stress.

Table 2. Results of Thickness optimization

MESH SIZE RESULTS
SR

NO | FORCE(KY) | THICKNESS(mm) | MASS(KG) | BODY(mm) | PINS(mm) | NODES| ELEMENTS | DEFORMATION(mm) | STRESS(MPa)
NE] ] (GO 50 187348 | 10048 | 033208 133
IE] 080 |70 5 197386 | 116810 | 0.34871 14637
INE] 50 130460 | 70 5 165051 | 115061 | 0.45008 14534
'RE] [ 9350 |70 b5 104309 | 114460 | 0.54901 2067
HE] 0 07970 |7 b5 05153 | 114853 | 0.68407 26197
E 3 %406 |65 5 100334 | 122350 | 0.9068% 37951
NE 5 FGRIED 5 197032 | 11592 | 1789 31345
E] 3 B33 |6 1 W 13 | L20s 30376
NE] ) G317 |68 5 203797 | 119063 | 23596 34950
|30 b} 864 |6 5 02663 | 13475 | 26754 9155
HE] 0 Q004 |70 b5 198609 | 116449 | 28433 L

D: fix+rictionless

Maximum Shear Stress
Type: Maximum Shear Stress
Unit: MPa

Time: 1

06-04-2017 19:44

1.7101 Max
1.5201

1.3301

1.1401
0.95007
0.76006
057004
0.38003
018002
2.5301e-6 Min

H
2e+003 {mm)
z

Fig 15 .Maximum shear stress

D: fix+frictionless
Eguivalent Stress for pins

Type: Equivalent (von-Mises) Stress
Unit: MPa

1e+003

Time: 1
06-04-2017 15:47

2.0628 Max
26352
23076
188 \
1.6524
1.3248
0.95726 \ s
066967
0.34208
0.014480 Min
e {
*
a 2e+003 (mm)
z

1e+003

Fig 16. Von —Mises or Equivalent stresses for pins

D: fix+frictionless
Total Defarmation
Type: Total Deformation
Unit: mm

Tirme: 1

08-04-2017 19:50
0.06491 Max
0.057698
0.050485
0.043273
0.036061
0.028849
0021637
0014424
0.00721232
0 Min

x
2e+003 (mm)
z

Fig 17.Total Deformation of Headstock in mm.

1e+003
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D: fxff -:lunless
ggggggggggg
Tvpe Equlvalenl (von-Mises) Stress

UE 0a- 201 720:3%

2.9628 Max
26336
2.3044
1.9752

1.648

1.3168
0.98761
0.65841
0.32921
4.5206e-6 Min

*
2e+003 (mm}
z

Fig 18. Equivalent stress for Headstock

R: optimise_21mm_mesh 65 25
aximum Shear Stress for bod
Sty

1e+003

Time: 1
06-04-2017 20:39

52.368 Max
46.540

4073

34.912

20.092

23275

17.456

11.637

5.8187
0.00011851 Min

®
2e+003 (mm)
z

Fig 19. Maximum shear stress for headstock body

1e+003

optimi
Equwalenl SI ess for pins
Type: Equivalent ivon-Mises) Stress
U IMF‘a

1
DE 42017 20:31

4.7058 Max
4185
2.6642
31435 \
26227
21019
1.5811 s \
1.0604
|
0.5396
0.018836 Min
- -
“ N
%
o 2e+003 (mm)
z

1e+003

Fig 20. Equivalent stresses(Von —Mises ) for pins

R: optimise_21mm mesh _65,25
Total Deformation of bod:

Type: Total Deforma tian

unit: mm

Time
DE-Da-zm 7 20:32

2.6754 Max
2.3781
2.080%
1.7836
1.4883
1.1891
0.89173
0.59453
0.20726

0 Min

x
2e+003 (mm)
z
1e+003

Fig 21. Total deformation of Headstock

B aptimise_29mm_mesh_05,25
nt 5

1
0B-04-2017 20:33

02,545 Max
82283
71.98
61,697
51,414
41,131
20,849
20,566
10,283
0.00020526 Min
®
Ze+003 (AR
x

Fig 22.Equivalent stress for Headstock

Te+003

Table 3.Comparison of original and optimized
headstock.

Sr Original Headstock

) Parameter g with 21 mm

No Headstock .

thickness
1 Thickness (mm) 620 21
2 Mass(Kg) 40468 6286.4
Maximum shear

3 stress(MPa) 1.7101 52.368
Total Deformation of

4 Headstock(mm) 0.06491 2.6754
Von Mises stress for

3 oins(MPa) 2.9628 4.7058
Von Mises stress for

5 Headstock(MPa) 2.9628 92.545

Remote force
6 applied(KN) 50 50

Table 3 is showing comparison of parameters for
both i.e. original headstock and headstock with
optimized thickness of 21 mm.

IX. CONCLUSION

The FEA Analysis is carried on sugarcane
headstock and following conclusions are found out.
1. The Von Mises stress for original headstock is
2.9628 MPa whereas for headstock with 21 mm
thickness is 92.545 MPa. This shows that the
optimized headstock has high stress which is less
than the Maximum shear stress i.e. 125 MPa. Hence
the optimized Headstock is safe.

2. The maximum shear stress for original headstock
is1.7101 MPa, whereas for optimized headstock is
52.368 MPa which is less than maximum shear
stress calculated by shear stress failure criteria i.e.
125 MPa.

3. The Von Mises stress for pins made by steel is
4.7058 MPa, which is less than 125 MPa i.e.
Maximum shear stress for failure. Hence pins are
also safe.

4. The weight for original Headstock is 40468 Kg,
whereas for the optimized headstock weight is
6286.4 Kg. This shows that there is considerable
weight reduction which is safe with respect to
stresses calculated.

5. Thus as the weight is reduced from 40468 Kg to
6286.4 Kg, the material required will be less.
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6. Ultimately the cost required for cast iron material
is optimized.
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