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Abstract: Belt conveyor is used for the transportation of
material from one location to another. Belt conveyor has high
load carrying capacity, large length of conveying path, simple
design, easy maintenance and high reliability of operation. This
paper discuss about study of design procedure and analysis of
inclined type belt conveyor system for coal loading application.
The paper shows design calculations of conveyor, trajectory of the
material on conveyor, power and belt design and stresses on
pulley due to belt tensions at and slack and tight side. The results
comprises of capacity, power calculations on pulley, stress
analysis on pulley drive shaft, on components of belt conveyor
and its effect. The Belt conveyor used for coal processing industry
is considered to have a design capacity is 250 TPH and speed of
the conveyor to be 115 ft. /min. Geometrical modelling has been
done using Catia V5R20 and finite element analysis is done in
Solid works 2018. This paper discusses the conveyor design and
weight optimization. Material weight reduction is accomplished
using ASHBY charts and ASME standards and finally weight
optimisation and performance index has been discussed.

Keywords: Inclined Belt Conveyor, Ashby chart, Performance
index, Weight Optimization, Analysis, modelling

I INTRODUCTION:

Belt conveyor is most populous equipment in such system
to achieve material flow from start to end point. Belt
Conveyor system is also used in materia transport in
foundry shop like supply and distribution of molding sand,
moulds and removal of waste. This paper provides to design
the conveyor system used which includes belt speed, belt
width, motor selection, belt specification, shaft diameter,
pulley, gear box selection, with the help of standard model
caculation.! During the project design stage for the
transportation of raw materials or finished products, the
choice of the method must favour the most cost-effective
solution for the volume of material moved; the plant and its
maintenance; its flexibility for adaptation and its ability to
carry avariety of loads and even be overloaded at times.

Manuscript received on May 25, 2020.
Revised Manuscript received on June 29, 2020.
Manuscript published on July 30, 2020.
* Correspondence Author

Mr .Utkarsh Kamble!, BTech Student, MIT Academy of Engineering,
Pune

Mr Shubham Paturkar?,
Engineering, Pune

Ms. Pooja Swami®, BTech Student, MIT Academy of Engineering,
Pune

Mr. Shivam Mawade, BTech Student, MIT Academy of Engineering,
Pune

Prof.M. SDholkawala, Asst. Professor,
Engineering, Pune

Mr. Anand Bhise, Engineer, Mechatol Solutions Ltd.

BTech Student, MIT Academy of

MIT Academy of

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: A2412059120/2020©BEIESP
DOI:10.35940/ijrte.A2412.079220
Journal Website: www.ijrte.org

707

. LITERATURE SURVEY:

The belt is moved by the electric power. The belt conveyor
improves the efficiency and also prevents the drawback of
theroller conveyor mechanism.

Belt conveyor consists of two or more pulleys, with a
continuous loop of material. One or both of the pulleys are
powered, moving the belt and thus moving the coal forward.
The powered pulley is a drive pulley while unpowered is
idler. In industry there are two types of bel conveyor oneis
used for material handling (for transporting Agriculture
materials) and the other one is used for transporting bulk
meaterial. Performance index is crucial for material selection,
using the ASHBY standards and its chart, materia is
filtered. It was found that Titanium aloy has less self-
weight than Al1SI-4340 by 47.36%, however AlSI-4340 was
found to be having less deflection and stress conditions as
compared to Titanium alloy. Also Titanium aloy has high
performance index as compared to any other materia
proving to be optimum for the given design consideration.
Asfar as cost consideration A1S1-4340 is available at lower
cost as compared to the Titanium aloy as per the
requirement of end user.

i, PROBLEM STATEMENT:

The following design specifications for the belt conveyor
system has been assumed for analysis in the presented
paper: Belt conveyor of inclined type, having design
capacity 250 TPH for coa processing industry. Also
selection of appropriate materia to fit a FoS of 10 to 13.
Speed of the conveyor will be 115 ft. /sec, with vertica
travel of 15.6 ft. And study of stress analysis on conveyor
shaft.

Additional Inputs:

Bulk Material Density, (DEN)=80 lbs/ft3
Bulk Material Repose Angle, ( X) =15deg
Belt Width, (W) =20in
Belt Speed, (S) =115 ft/min
Idler Angle, (Y) =45 deg
Edge of Pileto Edge of Belt, (G) =1.0in
Edge of Idler to Edge of Belt, (H) =0.6in
A1, A2, A3 are respective areas as shown in Figure 1.

Centre of Gravity (CG1l, CG2)= 344 and 7.11 in
respectively.

Centre of Gravity of bulk

material (CGma)= 4.3 in
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Figure 1: Capacity Calculations
Calculations:

Capacity:

Belt Conveyor Weight Capacity,
(TPH) — volume capacity*Material Density*60
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Figure 2: Trajectory of material

PULLEY

GRAVITY
TAKE-UP

Tension in tight side (Tt)
Tensionin slack dlide (Ts)

OUTPUTS: -
Minimum conveyor motor power,

(P) =

ForcexVelocity
3300

FcxFs*xT xS
e x 33000

P =50 hp

(P) =

T= Equivalent Tension in conveyor belt

. Shaft Diameter Calculations:
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Figure 3:Sectional view of shaft assembly
Conveyor belt tight side tension Tt = 3048 Ibs
Conveyor belt slack sidetension Ts= 902 Ibs
Slack side angle of belt SA = 90 deg
Tight side angle of belt TA = 15 deg
Pulley diameter PD = 30in
Distance between bearing and pulley (A) =8in
Distance between bearings B =40 in
Belt width BW =20in

ASME Code’
The ASME Code eguation for power shafting diameter D is:

D3 = =% « [(Kb * Mb)? + (Kt » Mt)?]°5

TT*SS
Allowable shear stress: Ss= 8000 lbs/in? for shaft
without keyway.
Allowable shear stress: Ss = 6000 lbs/in?> for shaft with
keyway.

Length of conveyor (LC) This allowable stress Ss applies to commercial steel shafting

and takes into account the effects of fatigue.
The bending shock, Kb and torque shock, Kt load factors
are given below.

Angle of inclination (A)
1. Distancetravelled horizontaly,

(X1) = S*At;oc"” = 115*16*;0515 Mb is the applied bending moment and Mt is the torque at
the same point on the shaft.
X1 = 1.85 ft. Table 1:Shock factorsfor loadings
2. Distance travglled verticr;\IIy, (YD) For rotating shafts Kb Kt
MEESCIIL . Gradually applied load 15 10
Y1=-15.6ft. Sudden(minor) loading 1.5-2.0 1.0-1.5
Sudden(heavy) loading 2.0-3.0 15-2.0

e Power Calculations:
Allowable Stress (Ss) = 6000 Ibs/in?
Bending Moment (Mb) = 20300 in-lbs
Kb= 2.0, Kt= 1.5, Torque (Mt)
=722 in-lbs

Conveyor drive efficiency, (€) = 80%
Loading chute factor, (Fc) =1.1

Start acceleration factor, (Fs) = 1.15
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Dmin= 3251 il’l
Material Selection:

The material selection is done using the Digita Logic
Method, the processis as follows:

1. Screening of material on the basis of 4 parameters
namely Function(to bear bending and torsional load),
Objective(To reduce weight), Variable(density and area),
Constraint(Force and length)

2. Selection of property chart. ASHBY charts are
used for selecting the family of materials, it is done on the
basis of Objective of the part.

3. Again based on objective a performance index is
finalised using the specific formulas given by ASHBY
charts, which is then used for calculating the slope (0).

4, Using the dope a line is marked on the selected
property chart and then all the families are selected that fall
ontheline.

5. After thisusing ASM standards the composition of
materialsis selected. These are called candidate materials.
6. ASME standards are used to compare properties of

candidate materials like after heat treatment process.
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Figure 4: Ashby Chart

7. Table no 2 shows the candidate materials along
with their calculated performance index

comparing various properties related for the design of the
belt conveyor:

Table 2: Performance Chart

MATERIAL PERFORMACE
INDEX
S304 54.57
1S2062 53.55
CARBON STEEL 1020 57.44
PLAIN CARBON STEEL-1020 58.456
C1045 57.89
45C8 69.89
40C4 56.83
AlSI-4340 87.53
AL ALLOY 2024-T6 354
TI ALLOY -6Al-4V 77.33
ALUMINIYM 601 22.96
AlSI-4140 58.77
AlSI-1020 54.37
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8. It is clear from the Table no 2 that the most
suitable material for this design is AlSI-4340 with a
performance index of 87.53.

9. Followed by Ti Alloy (performance index 77.33)
and 45C8 (performance index 69.89).
10. Following are the 4 basic parameters that were

used for the selection of the material:
Table 3: Screening Process

Material Screening

Function To support bending and
torsional loading

Objective To reduce mass and increase
strength

Constraint Length, Force

Variable Density, cross sectional area

Finite Element Analysis

Analysis is done on the components of the Belt conveyor
designed in the CATIA V5R20 using the Solid works
2018.The components were subjected to different loads to
check the failure of the geometric model.

Following are the results of the analysis on the drive shaft:

Considering AlISI 4340 material the maximum stress
acting is 56 MPawith aweight of 19.29 kg.

van Mises (N/mm”2 (MPa))

56039
51,369

_ 46699

_ 42029

- 31359
=T nes
L 28019
| 23.349
| 18.630

_ 14010

sl = 9.340
4.670
0.000

— Yield strength: 710.000

Figure5: Stressanalysisof AlSl 4340
The maximum deflection in the drive shaft is 0.027 mm.
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Figure 6: Deflection in AlSI 4340
The minimum Factor of Safety isfound out to be 12.6.
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Figure 7:Factor of Safety for AlSI 4340

Considering other materials we get
comparable values:

2000
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the following

Table 4: Comparison of Results of candidate materials

MATERIAL [WEIGHT OF SHAFT|  MAXSTRESS | MINIMUMFOS | DEFLECTION
2062 | 189077kg | 56065 Njmm | 421 0.028 mm

PLAIN CARBON STEEL-1020| 193251kg | 56.065 Njmmé2[MPs)] 659 0,026 mm
4508 | 192%6kg 56065 Njmma2 [MPa]] 9.98 0.027 mm

AsH30 | 10276kg  [56039 Njmme2(MPa| 1267 0.027 mm
TIAUOY-6AHV | 10.8751kg  56.046 Njmma2 [MPa)] 1 [ 0053 mm

As Titanium alloy gives very significant weight reduction,

here are the results of analysis for Titanium alloy.
Stress analysis:

: von Mis es (N/mm A2 (MP3))

56046
II[ 51376
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Figure 8:Stressanalysisfor Ti Alloy

The maximum deflection of the drive shaft is 0.053 mm.
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Figure 9: Deflection in Ti Alloy
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And the minimum Factor of safety offered is 14.76.
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Figure 10:Factor of Safety in Ti Alloy

Hence this material is also supporting the load, the only
drawback is that this material is costlier than the other
chosen material i.e. AlSI 4340.

Considering the Idler Roller Assembly we have the
following results with AlS| 4340:

The maximum stress developed is 86 MPa.

Figure 11: StressAnalysisin Al S| 4340

Maximum deflection of the assembly is0.171 mm.

Figure 12: Deflection in Al Sl 4340

V. CONCLUSION

From the Table of comparison of results given above,
with those results, it can be inferred that Titanium
Alloy materia gives a considerable weight reduction to
the system with supporting all the loadings.

Ti aloy is very costlier than the other material with a
higher performance index.
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e Ti aloy also it exceeds the required range of factor of ,\'A’:J?J'AaOESN::“i d_iS SE‘eChanin" edm?]i”ee; _ ISfUdieU]'c in
. . andl. e complet er diploma from
safety that is from 10 to 13 and hence the material solapur and came to pune for pursuing BTech degree in
neglected. mechanical stream. During her graduation she gone
e Thus, due to the requirements AISI-4340 is thus the through successful events. In addition to core knowledge
: ; e e : she holds hobby of reading novels. She did two
most suitable mateﬂgl'for speaﬂed conditions if there internships while graduating Her attitude for gaining
were no such condition Ti aloy can be the most knowledge helped her to to work in different fields
suitable material for the system with respect to weight
reduction.
e From this paper we can also see the process to
effectively select a materia for any loading conditions
or any other applications.

REFERENCES

1. Ms. Saydi Todkar, PG Student, Prof. Milind Ramgir, Associate
Professor, JSPMs RSCOE Tathwade “Design of Belt Conveyor
System”, International Journal of Science, Engineering and Technology
Research,(IJSETR) Volume 7, Issue 7, July 2018, ISSN: 2278 -7798.

2. “Design and Analysis of Belt Conveyor System of Sugar Industry for
Weight Reduction”, JETIR (ISSN-2349-5162)

3. “Design, Analysis and Weight Optimization of Belt Conveyor”,
International Journal of Scientific Engineering and Applied Science
(IJSEAS) - Volume-1, Issue-5, August 2015
1SSN:2395-3470

4. V.B.Bhandari “Design of Machine Element,” Tata McGraw Hill
publishing company, eighth edition (2003).

5. Susmitha “Design of shaft using Concept In design of machine
element”.

6. CEMA (Conveyor Equipment Manufacturers Association) “Belt
Conveyors for Bulk Materials”, Chaners Publishing Company, Inc.

7. Konakala Naga Sri Ananth , Vaitla Rakesh , Pothamsetty Kasi
Visweswarao,” Design And Selecting the Proper Conveyor-Belt”
International Journal of Advanced Engineering Technology

8. LubosKudelas, “Energy Requirements and Optimization the Transport
Route of Belt Conveyors”, The International Journal of Transport &
Logistics

9. MissS. S. Vanamane and Dr. K. H. Inamdar, “Design of Belt Conveyor
System used for Cooling of Mould ”, International Conference on
Sunrise Technologies.

AUTHORSPROFILE

Utkarsh Kamble is a Mechanical Engineer who
completed his 12th in Sainik School and did his
graduation in MIT Academy of Engineering, Pune.
During graduation he has undergone various
projects that were mechanical as well as electrical
based. He has undergone internships too one of

: ’,"‘ them being at Dyna Biotech company, which is an
|

international manufacturing company. Apart from
his academic life he hasinterest in reading books and novels.

Shubham Paturkar is a passionate mechanical
engineer studied in MIT alandi. He completed his
education till 12th in Aurangabad and then came

Pune for pursuing BTech degree in mechanical

stream. He also did two of his internship from

MNC Kohler which is engine manufacturing

company and Hind industries. Where he did work

on project His attitude for gaining knowledge
helped him to work in different fields.

Shivam Malwade is a mechanical engineer studied
in MITAOE Alandi.He completed his 12th from
Shiv chatrapati college Aurangabad M aharashtra and
cameto to pune for pursuing BTECH in mechanical
stream. During his graduation, he gone through
various successful projects and events. In addition to
core knowledge he holds the hobby of sketching and
designing. His remarkable eminence at sketching
and designing are an epitome of his imagination and innovation. He did
three internships during his graduation period which were in pure core
mechanical organization. His captivity, illumination and interest in multi-
dimensional fields, helped him to seek knowledge from every field.

Retrieval Number: A2412059120/2020©BEIESP Published By:
DOI:10.35940/ijrte.A2412.079220 711 Blue Eyes Intelligence Engineering
Journal Website: ww.ijrte.org and Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

