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Abstract— Belt conveyor system is the transportation of 

material from one location to another location. Belt 

conveyor has high load carrying capacity (upto 30000 t/h), 

large length of conveying path (upto 3-4 km), simple design, 

easy maintenance and high reliability of operation. Belt 

conveyor system is also used various industries such as the 

material transport in foundry shop like supply and 

distribution of moulding sand, moulds and removal of 

waste, coal and mining industry, sugar industry, agricultural 

industry, bagasse industry, fuel industry etc. In this paper 

the study is carried out on a rice mill short length conveyer 

to meet the requirement of higher speed in production. In the 

process or manufacturing industry, raw materials need to be 

transported from one manufacturing stage to another. 

Material handling equipment are designed such that they 

facilitate easy, cheap, fast and safe loading and unloading 

with least human interference. For instance, belt conveyor 

system can be employed for easy handling of materials 

beyond human capacity in terms of weight and height. This 

paper discusses the design calculations and considerations of 

belt conveyor system for rice sacks using 3 rolls idlers, in 

terms of size, length, capacity and speed, roller diameter, 

power and tension, idler spacing, type of drive unit, 

diameter, location and arrangement of pulley, angle and axis 

of rotation, control mode, intended application, product to 

be handled as well as its maximum loading capacity in order 

ensure fast, continuous and efficient movement of rice sacks 

while avoiding fatalities during loading and unloading. 

Key words: Belt conveyor system, Idler, Loading, Material 

handling equipment, loading, Belt 

I. INTRODUCTION 

Whenever the bulk material requires continuous 

transportation belt conveyors supply a reliable means. If the 

handling rate and total quantity warrant, they usually are the 

most economical. All lifting and conveying machines can be 

divided by their operating principles into two large groups: 

(i) Intermittent motion, (ii) Continuous motion 

intermittent motion includes all types of cranes, lifts; surface 

transport means (trucks, loaders, and prime Movers), aerial 

tramways and cable ways, scrappers and the like.  

Continuous motion includes conveyors, pneumatic 

and hydraulic transport means etc. which may generally 

called continuous transport machines or conveying 

machines. [1]  

Continuous machines are characterized by non-stop 

motion of bulk or unit loads along a given path, without 

halts for loading and unloading. The principle purpose of 

continuous conveying machine is to transport loads along a 

particular path. At the same time they can distribute loads 

among a number of destination points, deliver them to 

stores, transfer products from one technological operation to 

another and ensure the desired pace of a production process. 

[1]  

Belt conveyors are employed for conveying various 

bulk and unit loads along horizontal or slightly inclined 

paths and for transporting articles between various 

operations in production flow lines.  

Belt conveyors are used as the principle 

components of some complex machines such as wheel 

excavator, conveyor bridges and much other type of hoisting 

and conveying machines [3].  

Belt conveyors are used for various applications 

such as material transportation in foundry shop, rice 

industry, coal and mining industry, sugar industry, 

automobile industry, Bagasse industry, fuel supply system 

of electric power stations etc.  

II. DESIGN OF BELT CONVEYOR SYSTEM  

From this literature working and design specification of belt 

conveyor system are used. The requirement to overcome 

given problem in rice mill industry the belt conveyer system 

requires following specifications: 

Material to pass= Rice sacks 

Width = 0.5m  

Load carried in each bag = 25-30kg  

Rice density= 800 Kg/m3 

Length of conveyor, L= 3 Meters  

Height of conveyor, H=1.2 Meters  

Inclination angle= 200 

Sack Size= 615×463×250mm  

General Rice Temperature=35 degrees  

Sack rate= 240 Sacks /hr. 

In our application, the system requires an adhesive 

belt in order to convey sacks on an upward slope it will 

support by slider belt.  So a rubber/polyester is a good 

choice for this condition. From Dunlop conveyor belt 

selection handbook, we selected belt with following 

specifications. [6] 

Belt required data:-  

Thickness, t = 1.5mm  

Belt mass, m= 2kg/𝑚2 

Tensile force = 7 𝑁/𝑚𝑚 

Maximum tensile = 11 𝑁/𝑚𝑚 

Friction coefficient, Fp = 0.15  

Friction coefficient on slider bed, fb = 0.2 

Minimum pulley diameter = 75 mm  

A. Belt Selection (Assumed)  

Pulley diameter   =200mm  

(Higher than minimum rated pulley diameter; final value of 

pulley to be validated in step 2)    

Pulley width = 500mm 

Belt wrapping angle = 1800 
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B. Operational Forces and Torque 

The tension in the belt is at its max level at full load and 

acceleration to its rated speed at top.  

1) The time for accelerated ‘La’ is to be short enough for, 

To minimum over load 

2) To maximize conveyer output and long enough 

3) To prevent load 

4) To minimize motor load 

For our application, we assume t=3sec  

Pulley speed,  

W = 
1000∗𝑠

30∗𝑑𝑝
 

=
1000×27.09

30×200
 

∴ W = 4.65 rad/sec 
Pulley acceleration, 

a =
𝑤

𝑡𝑎
 

=
4.65

3
 

∴ 𝑎 =  1.55rad/ 𝑠𝑒𝑐2 
Pulley weight,  

Wp =7833
𝑘𝑔

𝑚3 ×  𝜋 ∗ 𝑑𝑝2 𝑤𝑝

4
 

       = 7833 ∗ 𝜋 ∗ 0.22 ∗
0.500

4
 

Wp= 123.04 kg per pulley 

Pulley mass inertia (Jp),  

     𝐽𝑝 = 2 (
𝑊𝑝 ∗ 𝑑𝑝

2

8
) 

         = 2 (
123.04 ∗ 0.22

8
) 

∴𝐽𝑝= 1.2304 𝑘𝑔 − 𝑚2 

Belt weight,  

Wb=  
𝑚∗𝑊𝑏(2∗𝐿𝑏+𝜋∗𝑑𝑝)

1000
 

=
2 ∗  0.5 ( 2 ∗ 6.874 +  π ∗ 0.2)

1000
 

∴𝑊𝑏= 7.188 𝑘𝑔 

Belt mass inertia,  

𝐽𝑏 =
𝑊 ∗ 𝑑𝑝

2

4
 

∴  𝐽𝑏 = 0.005 
𝑘𝑔

𝑚2
 

Load mass inertia,  

J   =
𝑤×𝑑𝑝2

4
 

=
120 × 0.22

4
 

J = 1.2 kg∗𝑚2 

Total mass inertia 

𝐽𝑡  =  𝐽𝑝  + 𝐽𝑏 + 𝐽 

= 1.2304 +0.005+1.2 

∴𝐽𝑡=2.4354 𝑘𝑔∗𝑚2 

Acceleration torque,    

Ta = Jt *a 

= 2.3454 ∗ 1.55 

∴𝑇𝑎= 3.77 N*m 

Friction force,  

Fp = 9.81 (w+ m*𝐿𝑏∗𝑤𝑏)Fb* Cos ( ) 

= 9.81 (120 + 2∗ 6.876 ∗ 0.5) * 0.2  Cos (20) 

∴ Fp = 233.91 N 

Friction torque, 

Tf= 
𝐹𝑓×𝑑𝑝

2
 

=
233.91×0.2

2
 

∴Tf= 23.39 Nm 

 Lifting force, 

FL = W (sin ) 

= 120 (sin20) 

∴ FL = 41.04 N 

Lifting torque,  

T = 
𝐹1∗ 𝑑𝑝

2
 

=
41.04∗0.2 

2
 

T =4.104 N 

Total torque, 

Tt = Ta + Tf+ T 

= 3.77 + 23.39+ 4.104 

Tt= 31.264 Nm 

Power,  

P = Tt * W 

= 31.264*4.65 

∴𝑃 = 145.37 𝑤𝑎𝑡𝑡≅ 0.191𝐻𝑃 

 Belt tension, 

Tension in carrier side,  

F1=  {𝑇𝑡
𝑑𝑝

2

⁄ } {1 − 1/(2.718)2}⁄  

=  {31.264
0.2

2

⁄ } {1 − 1/(2.718)2}⁄  

F1 = 2614.00 N 

Tension in return side,  

F2 = F1/(2.718)2 

F2 = 723.37 N 

Belt stress,  

𝜎𝑏= 
𝐹1

𝐿𝑏
 

=
2600

500
 

∴𝜎𝑏= 5.228 N/mm 

Belt safety factor,  

Sfd= 
𝑇𝑚

𝜎𝑏
 

= 
11

5.228
 

∴Sfd = 2.1040 

So selected belt is adequate. 

From motor torque,  

𝐹𝑚 =  
2 ∗ 𝑇𝑡

𝐷𝑠

 

=  
2 ∗ 31.264

0.1
 

∴𝐹𝑚= 625.28 N 

So pulley pitch diameter = 𝐷𝑠= 101 mm  

Along the conveyor axis,  

𝐹𝑥 = 625.28 N 

So angle between them is 180’ 

Distributed belt force,  

Q= 
(𝑓1+𝑓2)

𝐶
 

=(2614+723.27)

432
 

Q = 7.7251 N/mm load. [2] 

C. Design of Pulley and Drive   

Pulley deflection under maximum load  
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Ip=
𝜋(𝑑𝑝

4−𝑑𝑖
4)

64
 

∴Ip = 0.000027 m4 

Deflection,  

𝑦 =  
{5 ∗ (𝑓1 + 𝑓2) ∗ 𝑤𝑝

3}

[384 ∗ (2.07 ∗ 1011) ∗ 𝐼𝑝]
∗ 1000 

=  
{5 ∗ (2614 + 723.37) ∗ 123.043}

[384 ∗ (2.07 ∗ 1011) ∗ 0.000027]
∗ 1000 

y = 0.0003 mm 

The maximum deflection is smaller than belt. So 

pulley will able to track belt. [2] 

1) Drive Shaft Design 

Speed of pulley, 

Distance travelled by conveyor in one minute = Distance 

travelled by conveyor pulley  

27.496 * 4 = 0.2 * x 

Where,   x = RPM of belt conveyor pulley 

x = 549.92 

As the conveyor pulley is directly coupled with 

pulley from belt drive. So speed of driven pulley i.e. N2 = 

549.92 rpm. 

 N2 = 549.92 rpm ≅ 550 𝑟𝑝𝑚 

From standard manufactures catalogue, we select 

motor with following specifications, 

Motor speed,  

Nmotor = 720 rpm 

Motor power,  

Power = 0.5 Hp 

The speed of driver pulley must be exactly equal to speed of 

electric motor.  

N1 = Nmotor = 720 rpm 

Speed ratio,  
𝑁2

𝑁1

=  
𝐷1

𝐷2

 

550

720
=  

𝐷1

𝐷2

 

0.7638 =  
𝐷1

𝐷2

 

We have motor specifications,  

Power = 0.5 Hp = 0.373 KW 

Motor speed = 720rpm  

So as per usual load of drive select cross section symbol of 

‘A’ It has following specifications, [7] 

 Cross-section symbol :- A  

 Usual load of drive :- 0.20 – 5 KW 

 Minimum pulley pitch diameter (d) :- 75 mm  

 Nominal pitch width (W) :- 13 mm  

 Nominal thickness (T) :- 8 mm  

 Angle :- 40  

Diameter of large pulley,  

𝐷 = 𝑑 ∗
𝑛1

𝑛2

 

Where,  

 D = Diameter of larger pulley (mm)  

 D = Diameter of smaller pulley (mm)  

 𝑛1= Speed of smaller pulley (rpm)  

 𝑛2= Speed of larger pulley (rpm)  

∴ 𝐷 = 75 ∗ 
720

550
 

∴ 𝐷 = 98.1818 𝑚𝑚 

But, from standard pulley dimension select pulley diameter 

with diameter 100 mm.  

∴𝐷 = 100 𝑚𝑚 

With new pulley diameter calculate speed of larger pulley,  

𝐷 = 𝑑 ∗
𝑛1

𝑛2

 

∴  𝑛2 = 𝑛1 ∗
𝑑

𝐷
 

= 720 ∗
75

100
 

∴  𝑛2 = 540 𝑟𝑝𝑚 

Centre distance (C):-  

Speed ratio,  

𝑖 =  
𝐷

𝑑
=  

100

75
= 1.333 

𝐶

𝐷
= 1.778 

∴ 𝐶 = 𝐷 ∗ 1.778 = 100 ∗ 1.778 = 177.8𝑚𝑚 

Nominal pitch length of belt,  

𝐿 = 2 ∗ 𝐶 +
𝜋

2
∗ (𝐷 + 𝑑) ∗

(𝐷 − 𝑑)2

4 ∗ 𝐶
 

=2 ∗ 177.78 +
𝜋

2
∗ (100 + 75) ∗

(100−75)2

4∗177.78 
 

∴ 𝐿 = 631.35 𝑚𝑚 

From standard manufactures catalogue the length of belt, L 

= 630 mm  

∴𝐶𝑚𝑖𝑛= 104.25 𝑚𝑚 

∴𝐶𝑚𝑎𝑥= 2 ∗ (𝐷 + 𝑑) 

= 2 ∗ (100 + 75  

∴𝐶𝑚𝑎𝑥= 350 𝑚𝑚 

∴ Centre distance,  

𝐶 = 𝐴 +  √𝐴2 − 𝐵 
Where,  

𝐴 =  
𝐿

4
− 𝜋 ∗

𝐷 + 𝑑

8
 

∴ 𝐴 = 88.77 𝑚𝑚 

B=
(𝐷 − 𝑑) 2

4
 

B= 78.125 

∴ 𝐶 = 𝐴 + √𝐴2 − 𝐵 

  = 88.77 + √88.772 − 78.125 

∴ 𝐶 = 177.09 ≅ 180 𝑚𝑚 

Maximum allowance for adjustment of centers for two 

transmission pulley,  

2) Lower Limiting Value 

=𝐶 −  
1.5

100
∗ 𝐿 

=180 − 
1.5

100
∗ 630 

= 170.55 mm 

3) Higher Limiting Value 

𝐶 + 
3

100
∗ 𝐿 

180 +  
3

100
∗ 630 

= 198.9 mm 

 Initial belt tension: 
0.5

100
∗ 𝐿 𝑡𝑜 

1

100
∗ 𝐿 

0.005*630 to 0.01*630 

Belt speed,  

𝑘𝑤 =  (0.45 ∗ 𝑠−0.09 −
19.62

𝑑𝑜

− 0.000765 ∗ 𝑠2) ∗ 𝑠 
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Where,  

 KW: - Maximum power in KW 

 S: - Belt speed in m/sec    

 𝑑𝑜: - Equivalent pitch diameter in mm  

0.191 =  (0.45 ∗ 𝑠−0.09 −
19.62

125
− 0.000765 ∗ 𝑠2) ∗ 𝑠 

∴𝑆 = 3 m/sec 

Arc of contact,  

𝐴𝑂𝐶 = 2 ∗ cos−1 (
𝐷 − 𝑑

2 ∗ 𝐶
) 

= 2 ∗ cos−1 (
100 − 75

2 ∗ 180
) 

AOC = 172.03  

So correction factor as per arc of contact,  

Fd = 0.86 

As application is medium duty application, so correction 

factor for high torque motors with up-to 10 hr. is,  

Fa = 1.2 

Fc = 0.96 

No. of belts = 
𝑝∗Fa

𝑘𝑤∗Fc∗Fd
 

Where,  

 P: - Driver power = 0.373 KW 

 Fa: - Correction factor according to service = 1.2  

Fc: - Correction factor for to length = 0.96  

Fd: - Correction factor for arc of contact= 0.86 KW: - Rating 

of V belt = 0.75 KW 

No. of belts = 
0.373∗1.2 

0.75∗0.96∗0.86
 

No. of belts = 0.72 ≅ 1  

III. LIMITATION OF STUDY  

The construction of a belt conveyor system requires high 

capital base. This is a major constraint that limits this work 

to design only and as such performance evaluation cannot be 

carried out on the belt conveyor system. However, the 

research work provides design data for development of belt 

conveyor system for industrial uses.  

IV. CONCLUSION  

The major components and its parameters like belt capacity, 

belt width, and effective belt tension, power, and motor 

speed, diameter of shaft, idler spacing and diameter of 

pulley were designed successfully by using standard practice 

such as CEMA standard, Fenner Dunlop handbooks, 

available theories and software.  

From the belt company’s details the effective belt 

tension observed was 11 N/mm and from theoretical results 

the effective belt width and power was found to be 7.22 

N/mm. So the results got from calculation found to be good 

agreement with the theoretical results.  

The components like different types of pulleys 

namely drive pulley, tail pulley, pressure pulley, snub pulley 

and hold down pulley etc., carrying and return idlers, frame 

structures, and columns were also designed successfully 

with the required dimensions and also from motor speed, 

power required, diameter of pulley, diameter of shaft the 

horizontal foot mounted electric motor was selected from 

manufacturer’s catalogue.  

The advanced control switches like pull cord 

switch, zero speed switch were used to control the motion 

and to reduce the frequency of accidents in belt conveyor 

system. 

V. NOMENCLATURE  

Symbol Description 

C Belt Capacity 

V Belt Speed 

L Length of Conveyor 

H Height of Conveyor 

W Total weight of the conveyor 

Wm Weight of Material per unit run 

Wb Weight of Belt per unit run 

Te Effective belt tension 

P Power 

Mt Torsional moment 

M b Bending Moment 

D Diameter of pulley 

F External force 

G Gravitational acceleration 

N Speed of motor 

D Diameter of shaft 

Τ Total Torque 

σut Ultimate tensile strength 

σyt Yield strength 

J Moment of Inertia 

δ max Maximum deflection 

Table 1: 
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