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 Abstract: In this paper a weight operated material handling device (WOMHD) is designed and fabricated. A WOMHD is 

a kind of weight operated material handling device which does not require any external source of energy for its operation. 

That is a weight can be transferred from one place to another without using any external source of energy. A mathematical 

relation is also derived between various variables. This helps us to understand the variation of different variables on the 

performance of WOMHD. Experiments are performed on the machine and a graph is plotted between theoretical and 

practical values after getting the data from the experiment. 
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1. INTRODUCTION 

Material handling equipment and systems are crucial to many companies that need to handle and store bulk material. 

Generally, material handling equipment refers to equipment designed to move, control, protect or store material through various 

processes at warehouses and facilities. You can find this equipment used across many different industries, making it very versatile.  

Material handling devices are used in different fields such as agriculture, construction, distribution, manufacturing and warehousing 

[1].  Material handling devices are important as they provides greater efficiency, reduced wastage, better use of warehouse space, 

increased employee safety and helps us to lower the costs of varies operations in working and management.  

Different material handling equipments requires different sources of energy to operate. Therefore the objective and scope of this 

work “Weight Operated Material Handling Device (WOMHD)” is to create a material transfer model that can advance forward 

on a flat surface horizontally without using any external source of energy. This model obtains the drive to move forward by the 

potential energy of the load to be carried.  

 

2: REVIEW OF LITERATURE SURVEY 

A WOMHD may be designed in varieties of ways according to the load, distance and space requirement and involved parts may be 

selected accordingly. But generally a WOMHD contains following elements:- 

 Compression springs 

 Rack and pinion arrangement  

 Sprocket and chain system 

 Wheels 

 Platform for load placement 

Basic design for WOMHD is shown below in Figure-1. 

2.1 Review of Papers: 

In Literature survey we discussed some papers, but each one of having some features and limitations as follows:- 

Figure 1:  Basic Design of WOMHD [10] 
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Table 1: Review of Papers 

Research Paper Features analyzed Limitations 

1.  MD. Muztahid Hasan*, Md. 

Rafiquzzaman, Salman Polock,  

“Design and Fabrication of Self-

Weighted Material Handling 

(SWMH) Equipment” [7]   

 

 Methodology and principle 

for WOMHD is discussed 

 WOMHD is fabricated 

 Its performance is evaluated 

during loading and 

unloading process 

 No mathematical 

relationship between various 

variable has been derived. 

 Problem present in the 

WOMHD are not discussed. 

 No optimization has been 

proposed. 

2. Mahesh Kadam1, Kedar 

Kesarkar 2, Shubham Narvekar 3, 

Prashant Gurav 4, Tanmay 

Chaudhari 5, Vyankatesh Koshti,  

“Design and Development of 

Weight Operated Material 

Handling Device” [8] 

 

Basic Methodology and                   

components for its fabrication has 

been proposed 

 Design proposed is not 

practically feasible as in 

this design platform is 

mounted on a single road. 

When loaded may tilt 

producing unbalance 

forces and uneven or no 

motion. 

 No mathematical relation 

between variables has 

been given.  

3. Amol Shelke1, Arun Wakekar2, 

Pravin Jadhav3, Shubham 

Pardeshi4, Prof. S.P.Walhekar5, 

“Design and Fabrication of Weight 

Operated Material Handling 

System” [9] 

 

Various principles for its design 

and manufacturing of material 

handling device has been proposed. 

 No practical and feasible 

design has been proposed. 

 No Mathematical relation 

has been derived. 

3: Problem Formulation and Implementation & Approach 

3.1 Problem formulation-  

Most of the systems used nowadays either requires external energy or labour to operate. And sometimes special skills are required 

for their operation. For example conveyer belt requires electric energy to operate. Similarly truck also requires external energy for 

its operation. Trolleys require labour power to operate. But in weight operated material handling device no external energy is 

required and also little or no labour is required.  

3.2 Our project and approach 

In our project we will derive a mathematical relation between various variables and try to figure out how performance can be 

optimized. 

Working Principle: Working and block diagram for the WOMHD is below in Figure-2.  

As weight is placed on the platform it starts moving downward due to its weight. Since platform is connected to a rack, it also 

moves downward which in rotates pinion which is engaged with the rack. The pinion and sprocket is mounted on the same shaft, 

thereby sprocket also starts rotating. Sprocket makes chain and hence the gear (small sprocket) starts moving. Now the gear and 

wheels are mounted on the same shaft, wheels starts rotating making the WOMHD to move forward. 

When machine is unloaded, the spring goes back to its original position and moves rack in upward direction. There the entire 

mechanism and the machine move to its original position.  

 

 

 

 

 

 

 

 

 

Load is 
applied

spring 
absorb 

energy and 
compresses

Rack moves 
downward

pinion 
rotates

sprocket 
rotates and 

thereby 
chain

small gear 
rotates

wheel 
rotates

Figure 2: Block Diagram for WOMHD 
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3.3 Deriving mathematical relation:- 
 

 

Assume load=𝑃 = 𝑚𝑔 

Where m=mass 

 g=acceleration due to gravity 

 

When load is placed there is compression in the spring 

𝑃 = 𝑘 × 𝛿 
Where k=stiffness of the spring 

          δ=deflection in the spring 

i.e. movement by rack; 𝛿 =
𝑃

𝑘
 

As rack is connected to the pinion; 

𝛿 = 𝜃 × 𝑟 

 
Where;  θ=angular rotation moved by pinion 

                          r=radius of pinion               

  

  i.e.  𝜃 =
𝛿

𝑟
   

           𝜃 =
𝑃

𝑘𝑟
                                   

 

Figure 3: Simplified Diagram of WOMHD 
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As pinion is connected to larger sprocket i.e. angular rotation moved by larger sprocket 

𝜃 =
𝑃

𝑘𝑟
 

Angular distance moved by larger sprocket - 

𝜃 × 𝑅1 =
𝑃𝑅1

𝑘𝑟
 

Where R1= Radius of larger sprocket 

As both sprockets are connected by chain, so smaller sprocket angular distance; 

=
𝑃𝑅1

𝑘𝑟
 

i.e.     
𝑃𝑅1

𝑘𝑟
=angular displacement×R2 

where;     R2=Radius of smaller sprocket 

i.e.      Angular displacement=
𝑃𝑅1

𝑘𝑟×𝑅2
 

similar will be angular displacement of wheels. Distance(x) moved by machine will be;- 

x=
𝑃𝑅1

𝑘𝑟×𝑅2
×Rw 

i.e;         

𝑥 =
𝑚𝑔𝑅1𝑅𝑤

𝑘𝑟𝑅2
 

    𝑥 =
𝛿𝑅1𝑅𝑤

𝑘𝑟𝑅2
 

4: DEVELOPMENT of WOMHD 

4.1 Components of WOMHD: To develop WOMHD we used sprocket and chain system, wheels, bearings, shafts, rack and pinion 

system and springs. 

4.2 Assembly and Fabrication: - After all parts are assembled and fabricated then it looks like as below: 

http://www.ijrti.org/
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5: RESULTS AND DISCUSSION 

As we discussed earlier at heading 3.3, relation between various variables are as follows- 

𝑥 =
𝑚𝑔𝑅1𝑅𝑤

𝑘𝑟𝑅2

 

i.e. distance(x) moved by machine have relation with variables as follows:- 

       𝑥 ∝ 𝑚 

 𝑥 ∝ 𝑅1  

       𝑥 ∝ 𝑅𝑤 

                                                              𝑥 ∝
1

𝑘
 

𝑥 ∝
1

𝑟
 

𝑥 ∝
1

𝑅2

 

Figure 4:  WOMHD after complete Fabrication 
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Graph for the relations are shown below:- 

 

  

          

 

 

Figure 5: Linear Relation between Mass and Distance Figure 6: Linear Relation between Distance and Radius 

of Larger Sprocket 

Figure 7: Linear Relation between distance and Radius of 

Wheel 

Figure 8: Inverse Relation between Distance and 

Spring stiffness 

Figure 10: Inverse Relation between Distance and 

Radius of smaller Sprocket 
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The above drawn graph helps us to see the variation of distance with respect to one variable when other are kept constant and very 

useful for design point of view. 

As    𝛿 =
𝑚𝑔

𝑘
, the above formula can be written in terms of deflection in the spring as: 

𝑥 =
𝛿𝑅1𝑅𝑤

𝑘𝑟𝑅2

 

𝑥 ∝ 𝛿 

5.1 Practical performance and analysis 

We performed experiments after fabrication. And variation of distance has been analyzed with respect to the weight placed on it. 

Initially 10 kg load is placed on the machine and then increased by 5 kg upto 40 kg and distance is measured each time. Theoretical 

distance is also calculated using the mathematical relation we derived earlier. Differences between the distances and the 

corresponding error has also been calculated and written in the Table-2. 

Table 2 Data collected from the experiment 

Sr. 

No. 

Mass 

placed in 

Kg 

Deflection in the 

spring(mm) 

Theoretical distance 

in mm 

Distance moved in 

mm(practical) 

Difference 

between 

distances(mm) 

% error 

1 10 14 162 140 
22 13.58 

2 15 29 336 290 
46 13.69 

3 20 42 485.8 420 
65.8 13.54 

4 25 70 810 700 
110 13.58 

5 30 80.5 931 805 
126 13.53 

6 35 103.5 1197.1 1035 
162.1 13.54 

7 40 122 1411 1220 
191 13.53 

 

 

 

 

 

 

 

 

 

 

Figure 9: Inverse Relation between Distance and Radius of 

Pinion 
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 In the above graph blue line represent theoretical values while the other one practical values. It can be easily observed that 

both the lines are following the same pattern. There is an error of approximately 13.5 % between the both the values which can be 

attributed to the fact that we have not considered the mass of the components as well as friction between them. The same pattern 

between both the lines verifies that the mathematical relation has been correctly derived. 

5.2 Conclusion 

After practical performance of the WOMHD and analysis we get the following results and conclusions:  

1. We have successfully derived mathematical relation between the various variables for WOMHD 

2. WOMHD has been designed and fabricated. 

3. The performance of WOMHD has been analyzed both theoretically and practically and a graph has been plotted after 

getting the data from the experiment. 

 

REFERENCES 

1. https://rakagrp.com/handling/blog/types-and-uses-for-material-handling-equipment/  Types of Material handling devices. 

2. https://1library.net/document/zln1xd2q-material-handling-equipment-operated-by-job-weight.html Basic diagram 

WOMHD 

3. MD. Muztahid Hasan*, Md. Rafiquzzaman, Salman Polock,  “Design and Fabrication of Self-Weighted Material Handling 

(SWMH) Equipment”  International Conference on Mechanical, Industrial and Energy Engineering 2020,19-21 December, 

2020, Khulna, BANGLADESH 

4. Mahesh Kadam1, Kedar Kesarkar 2, Shubham Narvekar 3, Prashant Gurav 4, Tanmay Chaudhari 5, Vyankatesh Koshti,  

“Design and Development of Weight Operated Material Handling Device” Journal of Modern Mechanical Systems and 

Machining Volume 1 Issue 2 September 2018  

5. Amol Shelke1, Arun Wakekar2, Pravin Jadhav3, Shubham Pardeshi4, Prof. S.P.Walhekar5, “Design and Fabrication of 

Weight Operated Material Handling System” International Research Journal of Engineering and Technology (IRJET), 

Volume 07, issue 07 july 2020 

6. V.B. Bhandari “Design of machine elements” Tata mcgraw hill company publishing limited, Year of Publication 2007, 

second edition 

7. DR.V.P. Singh “Theory of machines” Dhanpat Rai & Co. Publication, Year of Publication 2017, sixth edition.  

 

Figure 11: Variation of distance with mass placed on platform 
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