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ABSTRACT

One of the major equipment in material handling is roller
conveyor. As the roller conveyors are not generally subjected
to complex state of stress they can be designed by providing
higher factor of safety it leads to unnecessarily increase in
material cost. This can be reduced effectively by separately
designing conveyor part and testing whole assembly for
transient and mode shape analysis for critical parts.

Keywords—About four key words or phrases in
alphabetical order, separated by commas.

l. INTRODUCTION

A conveyor system shown in Fig 1.1 is a common
piece of mechanical handling equipment that moves
materials from one location to another. Conveyors are
especially useful in applications involving the
transportation of heavy or bulky materials. Conveyor
systems allow quick and efficient transportation for a wide
variety of materials, which make them very popular in the
material handling and packaging industries. Many kinds of
conveying systems are available, and are used according to
the various needs of different industries. There are chain
conveyors (floor and overhead) as well. Chain conveyors
consist of enclosed tracks, I-Beam, towline, power & free,
and hand pushed trolleys.

Fig : 1.1- Roller Conveyor

Conveyor systems are used widespread across a range of
industries due to the numerous benefits they provide.

e Conveyors are able to safely transport materials
from one level to another, which when done by
human labor would be strenuous and expensive.

e They can be installed almost anywhere, and are
much safer than using a forklift or other machine
to move materials.

e They can move loads of all shapes, sizes and
weights. Also, many have advanced safety
features that help prevent accidents.

e There are a variety of options available for
running conveying systems, including the
hydraulic, mechanical and fully automated
systems, which are equipped to fit individual
needs.

1. OBJECTIVEOF PRESENT STUDY

The following are the objectives of the study:

1. Study existing roller conveyor system and its
design.

2. Geometric modeling of existing roller
conveyor.

3. To carry out linear static, modal, transient
and optimization analysis of existing roller
conveyor.

4. Modification of critical conveyor parts for
weight optimization.

5. To carry out analysis of modified design for
same loading condition.

6. Recommendation of new solution for weight
optimization.

I1l. SCOPEOF PRESENT STUDY
1. Check design of existing conveyor system.
2. Simulation method applied to optimize
parameters web thickness, flange thickness,
web height, roller thickness and shaft
diameter.
150 simulations for linear static Analysis.
150 simulations for modal Analysis.
Optimization of conveyor assembly for
weight reduction.
6. Comparison between existing and optimized

design.

gk w

IV. METHODOLOGY

TRANSIENT DYNAMIC ANALYSIS (By using Ansys 14.5)
Transient dynamic analysis (sometime called
time-history analysis) is a technique used to determine the
dynamic response of a structure under the action of any
general time —dependent load. This type of analysis is used
to determine the time-varying displacement, strain and
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forces in a structure as it respond to any combination of
static transient and harmonic load. The time scale of the
loading is such that the inertia or damping effect is
considered to be important.
MODAL ANALYSIS (By using Ansys 14.5)

Modal analysis is used to determine the vibration
characteristics (natural frequencies and mode shapes) of a
structure or a machine component while it is being

designed. It also serves as a starting point for another Fig : 4.2 Critical Mode Shape
more detailed analysis, such as a transient dynamic
analysis a harmonic response analysis or a spectrum PROCEDURE TO PERFORMING FULL
analysis. Modal analysis also used to determine the natural TRANSIENT DYNAMIC ANALYSIS
frequencies and mode shapes of a structure. The natural ]
frequencies and mode shapes are important parameter in * Build the Model N
the design of a structure for dynamic loading condition. + Establish Initial Conditions
Allowable Limit. « Set Solution Controls

 Set additional Solution Options
Excitation Frequency 50 Hz. * Apply the Loads
Maximum deflection 1.8 mm. e Save the Load configuration for the current load
Maximum stress 70 MPa. Step

Repeat Steps 3-6 for Each Load Step
Save a Backup Copy of database
Start the transient solution

« Exit the solution processer
Deflection Plot :

IV. EXSITING MODEL PARAMETERS

Fig.: 4.3 — Maximum Deflection on Step 1 Transient
Analysis.

Fig : 4.1- Existing Model Details. D s
Table 4.1 Critical Parameters of Existing Assembly
Natural Frequency 60.383 Hz. Fig.: 4.4 — Maximum Deflection on Step 5 Transient
Maximum deflection 0.3mm. Analysis.
Maximum stress 32.76MPa.
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Fig.: 4.5 — Maximum Deflection on Step 5 Transient
Analysis.

Stress Plot :
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Fig.: 4.6 — Maximum Stress on Step 1 Transient
Analysis.
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Fig.: 4.7 — Maximum Stress on Step 20 Transient
Analysis.

As we can see from the results obtained that the factor of
safety is higher and there is scope of optimization by
reducing the factor of safety used in design, we can
redesign the system which will give us comparatively less
weight, further material and cost saving.

So optimization is to be done and suitable channels are to
be selected from available channels. As we can have
higher deflections and stresses than present values, we will
redesign the system for those values which are safer as
well as will reduce weight of the system.
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Again the values should match the standard channel values
so that the channels would be easily available in market, so
redesigning the system for available channels.

Optional Channels available are:

ISMC 75 x 40 ISJIC 75 x 22
ISMC 100 x 50 ISJC 100 x 45
ISMC 125 x 65 ISJC 125 x 50

V. DESIGN ANALYSIS AFTER WEIGHT
REDUCTION

After studying number of iteration for various Parts of
roller conveyor a optimized design can be selected on the
basis of following parameter.

Max Deflection (mm)

M Deflctizn,
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Fig.: 5.1 Roller Thickness V/S Deflection

Max. Stress (N mm2)
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Fig.: 5.2 Roller Thickness V/S Stress

Max. Deflaction (mm)

/

Fig.: 5.3 Web Height V/S Deflection
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Fig.: 5.4 Web Height V/S Stress.

Similarly after finding suitable values of other component

following parameters are selected for weight reduction
Sg' Name of Component Weight (kg)
1 C- Channel for Chassis 25.49
2 Rollers 74.54
3 Shafts 19.359
4 Bearing 2.7944
5 C- Channel for Supports 6.9516
Total Weight of the assembly 129.135

Table 5.1 Parameters of Optimized Design

Modal Analysis

Fig. 5.5 : Natural Frequency Of Optimized Design

Transient Analysis

ANSYS

APR 1S 2014
10:55:20

Fig.5.6 Maximum Deflection On Step 1 Transient
Analysis Of Optimized Design
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Fig.: 5.7 Maximum Deflection On Step 1 Transient
Analysis Of Optimized Design

Fig.5.8 maximum Stress on Step 1Transient Analysis of
Optimized Design

ANSYS

MAY 24 2014
15:10:21
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Fig.5.9 Maximum Stress on Step 30 Transient Analysis
of Optimized Design

V1. VALIDATION
. Validation:

Validation or verification, in engineering is, “confirming
that a product or service meets the needs of its users.’

Software results should be compared with appropriate
theoretical results whenever possible. In most cases, one
would use theory to obtain order-of-magnitude estimates
rather than to make a head-to-head comparison since
presumably FEA is being used because a theoretical
solution is not available.

Numerical solution method is approximate method. The
results obtained from FEA analysis depend on the mesh.
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An important step in the analysis is to make sure that the
mesh resolution is adequate for the desired level of
accuracy. This is done by refining the mesh and comparing
results obtained with different levels of mesh resolution.
So the numerical result has to be compared with either
analytical results or with experimental results, to ensure as
per requirement working and the safety of the component.

11.2Validation for Conveyor Assembly:

Numerical solution is done for optimized model and the
results are compared with the experimental results.

Actual physical model is done for validation using
optimized design parameters and it is found that the design
is working safely.

Compare to existing design the changes are made in three
parts viz. C-channel for chassis, C-channel for support and
roller.

As the parts in which changes are made in existing
design are standard so made easily available in market and
are assembled for testing on which 350 kg load is applied
and safety is checked.

The weight of the physical model is slightlyless than
the optimized model values, shown in below table.

Table 6.1 Weight of Assembly

Weight | Weight V\Ef('g)ht

Sr. | Name of (kg) (kg) Woraing

No. | Component | Existing | Optimized )

Design Design Physical

Model

1| SClmes | a6z | 2549 | 2225
or Chassis

2 Rollers 111.1181 74.54 67.25

3 Shafts 20.7421 19.359 18.75

4 Bearings 2.994 2.7944 2.994

5 | C-channelsfor | 1q g3 6.9516 6.900
Supports
Total Weight

of Conveyor 194.40 129.135 118.144
Assembly

- Optimized design values are used in actual physical
model build up.

Detail comparison of Optimized design Analytical and
Working physical model:-

1) The C- Channel for chassis used is ISJC 100
whose weight by analytically is 25.49 kg and
compare to that with physical is 22.25 kg.

2) The C- Channel for support used is ISJIC 75
whose weight by analytically is 6.95164 kg
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and compare to that with physical is 6.900
kg.

3) The roller whose dimensions are D = 65 mm
previously it was 70mm has74.54 kg weight
by analytical calculations while it has 67.25
kg weight in actual.

4) The shafts analytically having weight 19.359
kg which in actual is 18.75kg.

e The overall change in analytical values and
physical values are 8.5 %.

e The difference in the weight is due to the case of
manufacturing the components at lower limit
values compare to the software where real values
are used.

VII. CONCLUSION

1) Result of linear static analysis shows the
difference between maximum deflection and
stress in existing and optimized design is
negligible.

2) Result of transient analysis shows there is
negligible  difference  between  maximum
deflection and stress in existing and optimized
design.

3) Even there is some difference in deflection and
stresses of existing and optimized design, but it is
in permissible limit.

4) As deflection and stresses are in permissible limit
for optimized design, it is safe for given
application and gives reduction of 65.27 kg. Table
12.1 shows weight reduction due to optimized
design.

5) Critical parameter which reduces the weight are
C-channels, roller outer diameter and roller
thickness.

6) Optimized design has 66.43% weight that of
existing design as shown in table 12.2.

7) 33.57% weights reduced due to optimization i.e.
33.57% material is saved.

Table 7.1 Effect of Optimized design on maximum
deflection, stresses and natural frequency

Desian Max. Def Natural Max. Stress
g (mm) Freq. (Hz) (N/mm?)
Existing 0.327 60.383 32.762
Optimized 0.570 55.563 63.276
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Table 7.2 Weight reduction and material saving due to

Optimized Design

3 -
%Material YoMaterial
. required save
. Weight compared
Design compared to
(kg) o to
Existing L
design EX|s_t|ng
design
Existing 194.40 100 --
Optimized 129.135 66.43 33.57
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