
Abstract
Transferring materials from a higher place to a lower place is a challenging task. Conveyers, lifts and many more material
handling devices are difficult to construct, install and operate. Thus a simple gravity based zig-zag material handling sys-
tem which requires no external power to drive them has been developed. The buckets which are used are made to rotate
about a certain axis thereby enabling them to transfer the materials efficiently. This system can be used in places where
the space is limited. The system has been modeled using SOLIDWORKSTM and simulated using MSC ADAMSTM. A prototype
has been made which shows how the system works. The results indicate that it is an efficient way for material transfer in
vertical direction. It can be used in industries and machining centers where there are multi floors and materials need to be
transferred from top to bottom floors.
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1. Introduction

Material handling is defined by the Material Handling
Industry of America (MHIA) as “the movement, stor-
age, protection, and control of materials throughout the
manufacturing and distribution process including their
consumption and disposal”. This must be done safely, effi-
ciently, at low cost, in right time, accurately and without
damage8.

A modular approach for simulation is done for evalu-
ating the automated material handling system1. Generic
planning and control of automated material handling sys-
tems are needed in case of powered systems2. Conveyers
can be used, but the strength of the adhesive sealed joints
decreases due to ageing3 and dynamic wear4. Further the
use of impact plates in conveyors is needed because they
reduce the wear due to friction5. In chain drives, link
tension6 and deformation in tooth profile of rollers7 are
noted. Gravity flow rack’s material handling system10 was 

implemented to reduce the material transfer activities
while reducing the occupied space. Screw conveyors are
used to transfer materials horizontally or at an inclined
angle. The performance is affected by the operating con-
ditions such as the rotational speed of the screw and
inclination of screw conveyor11. Spiral conveyors require
a drive motor to operate12. There are devices for transfer-
ring materials up and down multi floor industries. But
they need power in some form or the other to transfer
materials down13.These are few of the problems faced in
the current material handling systems.

In our research, the time taken to transfer the
materials from one floor to another is reduced and by
without the use of any power systems. The gravity plays
a major role in transferring the materials from one floor
to another. More over in places where there is space con-
strain, this type of zig-zag material handling system can
be used. First the parts of the system are explained. Then
the mechanism of material handling system is explained. 
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3.2  Transfer Buckets
These are buckets that are used to handle the material. 
They have a point of projection where the transfer 
bucket is subjected to rotate. There is a rotation limiter 
which limits the rotation of the transfer bucket which 
transferring the materials. There are two holes on the 
bucket through which the pins are passed. The mate-
rial of the transfer buckets depend on the material to 
be transferred. There is a dead load on the left side as 
shown in the Figure 2. The purpose of the dead load 
is to bring back the transfer bucket to normal position 
after transferring the material. It is slightly less than the 
weight of the material to be transferred. The transfer 
buckets rotate clockwise and anti-clockwise. The dead 
load is on the left side when the transfer buckets rotate 
clockwise and the dead load is on the right side when 
the transfer buckets rotate anti-clockwise. There are two 
bearings, attached one on each of the transfer buckets in 
order to reduce friction between the pins and the trans-
fer buckets.

The modeling of the gravity based zig-zag material 
handling system was done using SOLIDWORKSTM. 
Following that the simulation of the system was done 
using MSC ADAMSTM and the results are presented. 
Then the prototype of the material handling system was 
done and the working of it is shown. The material to be 
transferred can be of any shape and size but the system 
must be designed accordingly. The number for transfer 
buckets depend on the vertical distance to which the 
material has to be transferred. In this case, it is taken 
to be 5.

2.  Nomenclature
L – Length of the pin.
Lxy – Limiter.
x – Transfer bucket number.
y – Limiter number.
D – Diameter of the bucket.
H – Height of the bucket.
Hvp – Minimum height of the vertical projection.
P – Point of projection.
R – �Distance between the two points of projection in the 

horizontal direction.
S –�Distance between the two points of projection in the 

vertical direction.
T – Thickness of the bearing.
θ – Angle between the horizontal and the limiter LX2.

3. � Parts of the Gravity based  
Zig-Zag Material Handling 
System

3.1  Vertical Projection
It is a stand on which the transfer buckets and limiters are 
fixed. The height of the vertical projection depends on the 
distance from which the material has to be transferred. It 
can be made of a metal if the system has to be moved on 
the floor. Otherwise it can be made of concrete structure. 
The material used to construct it depends on the weight 
and size of the material to be transferred. The structure of 
the vertical projection is as shown in Figure 1. There are 
pins at the point of projection on the vertical projection 
which holds the transfer bucket. The position of the pins 
on the vertical projection depends on its vertical height. 

L = D + [2 * (T)] 

Figure 1.  SOLIDWORKSTM model of the vertical 
projection.

 

 
Figure 1. SOLIDWORKSTM model of the vertical projection. 
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3.2.1 � Calculation of the Point of Projection in the 
Transfer Bucket

The calculation is based on the model created and 
simulated using MSC ADAMSTM. It is shown in Figure 3. 
Let the height of the transfer bucket be “H” and the width 
of the transfer bucket be “D”. The height of the rotation 
limiter is represented as “c”. With reference to the point of 
projection, the values of D and H are 

D = a + b 

H = c + d 

based on the simulation and experiments conducted, for 
the ratio of H:D = 10:7, 

‘a’ and ‘b’ divides the diameter D in the ratio, a:b = 11:24 

(a:b=2.2:4.8 => a:b=22:48 => a:b=11:24) and 

 ‘c’ and ‘d’ divides the height H in the ratio c:d = 3:7 

thus by using these ratios, the transfer bucket can be 
designed for any size.

3.3  Limiters
There are extensions which are attached to the vertical 
projection. They are called as limiters. These limit the 
rotation of the transfer buckets. Each transfer bucket 
has two limiters. One of them is for keeping them stay 
in the vertical position and the other is used to limit the 
rotation of the transfer bucket when the material falls on 
them. The position of the limiters depends on the posi-
tion of the pin and size of bucket. They are made along 
with the vertical projection or fixed later. These limiters 

play an important role in material transfer. The points 
of projection are represented as P1, P2…P5. They are as 
shown in the Figure 4. 

The position of the limiters and points of projec-
tions are fixed as shown in Figure 5. The angle θ between 
the horizontal and the limiter L12 is based on the fric-
tion (µ) between the transfer bucket and material to be 
transferred. 

θ = tan–1(µ)

The distance (R) between the two points of projections 
in the horizontal direction are based on the diameter of 
the transfer bucket. Hence it can be written as,

R = 0.5b + 0.5b

The distance (S) between the two points of projec-
tions in the vertical direction are based on the height of 
the transfer bucket. Therefore it can be written as,

S = 2c + d

Figure 3.  Representation of the dimensions of the transfer 
bucket using MSC ADAMSTM.
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Figure 4. Representation of the limiters and point of projection. 
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Figure 5. Representation of the position of limiters and point of 
projections. 

4. Geometric Parameters of the Gravity based Material Handling 
System 
 
The ratio between the various dimensions of the gravity based material 
handling system is as given in Table 1. 
 

Table 1. Geometric parameters of the gravity based material handling 
system 

Set D H R S Hvp 
1 0.7 1 0.48 1.3 n*1.3

5. Mechanism of the Gravity based Zig-Zag Material Handling 
System 

5.1 Construction 
 

There is a vertical projection which holds the limiters and transfer buckets. 
This vertical projection is placed in the area where the material has to be 
transferred from a top floor to the bottom floor. The transfer buckets are 
those which hold the material for a certain period of time. These transfer 
buckets are capable of rotating at an axis. They have rotation limiters 
which limit the angle of rotation. There are limiters on the vertical 
projection which stop the movement of the rotation limiters present in the 
transfer bucket. There is a base plate over which the material falls. They 
are as shown in Figure 6. 
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If there are “n” transfer buckets, then the minimum 
height of the vertical projection can be given as 

Hvp= n (2c + d).

4. � Geometric Parameters of 
the Gravity based Material 
Handling System

The ratio between the various dimensions of the gravity 
based material handling system is as given in Table 1.

5. � Mechanism of the Gravity 
based Zig-Zag Material 
Handling System

5.1  Construction
There is a vertical projection which holds the limiters 
and transfer buckets. This vertical projection is placed 
in the area where the material has to be transferred 
from a top floor to the bottom floor. The transfer buck-
ets are those which hold the material for a certain 
period of time. These transfer buckets are capable of 
rotating at an axis. They have rotation limiters which 
limit the angle of rotation. There are limiters on the 
vertical projection which stop the movement of the 
rotation limiters present in the transfer bucket. There 
is a base plate over which the material falls. They are as 
shown in Figure 6.

5.2 � Working of the gravity based zig-zag 
material handling system

The material to be transferred exerts a force F1 on the 
transfer bucket 1. The transfer bucket 1 is rotated by a torque 
T1. The material then falls on the transfer bucket 2. This 
bucket rotates due to a torque T2 and the material falls on 
the transfer bucket 3. This continues and finally the material 
falls on the base plate. This is as shown in Figure 7.

6. � Modeling of the Gravity based 
Zig-Zag Material Handling 
System using SOLIDWORKSTM

The vertical projection with limiters, transfer buckets 
and the base plate was modeled using SOLIDWORKSTM. 
The point of projection is constructed based on the size 
of the transfer buckets and the transfer buckets were 
aligned with respect to the pin. Then they were assembled 
together by constraining the hole on the transfer bucket 
and the point of projection on the vertical projection. It is 
as shown below in Figure 8. 

Table 1.  Geometric parameters of the gravity based 
material handling system

Set D H R S Hvp

1 0.7 1 0.48 1.3 n∗1.3

 

 
Figure 6. Construction of the gravity based zig-zag material handling 
system. 
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Figure 7. Forces and torques exerted on the system. 
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Figure 8. Modeling of the gravity based zig-zag material handling system. 

7. Simulation of the Mechanism using MSC ADAMSTM

The simulation was done using MSC ADAMSTM9. The model was 
imported from SOLIDWORKSTM. Then the transfer buckets and the pins 
in the vertical projection were connected by revolute joints. Solid contacts 
were given between the transfer buckets and the pins of the vertical 
projection. Then the mass, material and friction were assigned as shown in 
Table 2. Then the simulation was carried out for 50 steps and 5 seconds. 
The screenshot of the simulation environment is shown in Figure 9.  

 

Table 2 Mass and material of the part 

Part Name Mass (Kg) Material 
Vertical projection 17.56 Steel 

Transfer bucket 1.36 Plastic 
Base 27.69 Steel 

Material (Sphere) 0.75 Aluminum 
 
 

Here the mass is calculated by the MSC ADAMSTM. It is based on the 
relation Mass=Volume*Density. The value of density is pre-built and the 
volume is calculated based on the geometry of the part.  

 

Figure 8.  Modeling of the gravity based zig-zag material 
handling system.
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7. � Simulation of the Mechanism 
using MSC ADAMSTM

The simulation was done using MSC ADAMSTM9. The 
model was imported from SOLIDWORKSTM. Then the 
transfer buckets and the pins in the vertical projection 
were connected by revolute joints. Solid contacts were 
given between the transfer buckets and the pins of the 
vertical projection. Then the mass, material and friction 
were assigned as shown in Table 2. Then the simulation 
was carried out for 50 steps and 5 seconds. The screenshot 
of the simulation environment is shown in Figure 9. 

Here the mass is calculated by the MSC ADAMSTM. 
It is based on the relation Mass = Volume∗Density. The 
value of density is pre-built and the volume is calculated 
based on the geometry of the part. 

8.  Results of Simulation
The simulation was carried out using a spherical shaped 
object as a material. But in reality the material can be of 
any shape and size. The material got transferred from one 
transfer bucket to another and finally fell on the base. It 
is shown in Figure 10. It was quite difficult to predict the 
friction between the pin on the vertical projection and 
the point of projection of the transfer bucket. By trial and 
error method the least value of co-efficient of friction was 
found to be 0.1. 

After the simulation was over, the force and torque 
generated in the point of projection of the transfer buck-
ets were plotted against time. These are as shown in 
Figure 11.

9. � Protype of the Gravity based 
Zig-Zag Material Handling 
System

The prototype of the gravity based zig-zag material 
handling system was made using plastic. The transfer 
buckets were made of plastic caps of bottles. Then point 
of projection was made using a heated thin rod of steel. 
Then these were fixed to the vertical projection. The 

Table 2.  Mass and material of the part

Part Name Mass (Kg) Material
Vertical projection 17.56 Steel

Transfer bucket 1.36 Plastic
Base 27.69 Steel

Material (Sphere) 0.75 Aluminum

Figure 9.  MSC ADAMSTM screen where the simulation 
was done.

 

 
Figure 9. MSC ADAMSTM screen where the simulation was done. 
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Figure 11. P1 to P5 refers to the point of projection of transfer buckets (a) 
Force vs Time. (b) Torque vs. Time. 
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The prototype of the gravity based zig-zag material handling system was 
made using plastic. The transfer buckets were made of plastic caps of 
bottles. Then point of projection was made using a heated thin rod of steel. 
Then these were fixed to the vertical projection. The mechanism was 
tested and the prototype worked to the expected level. Thus the expected 
results were obtained. It is as shown in Figure 12. 
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transfer buckets (a) Force vs Time and (b) Torque vs. Time.
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mechanism was tested and the prototype worked to the 
expected level. Thus the expected results were obtained. It 
is as shown in Figure 12.

10.  Layouts
There are three possible layouts in which the gravity based 
zig-zag material handling system can be arranged. They 
are inline layout, S layout and mixed layout. In the inline 
layout as shown in Figure 13(a), the work piece starts from 
the top and comes to the bottom is a single straight line. 
In this layout, some of the floors can be bypassed. In the 
S layout as shown in Figure 13(b), the work piece passes 
through all the machines in each floor. In the mixed layout, 
both inline and S layout are present combined together.

11. Applications
It can be used in industries where there are many floors on 
top of each other. The starting of the process can be on the 
top floor and the ending can be on the bottom floor. This 
can be done using the gravity based zig-zag material han-
dling system in between each floor. In industries where 
there are many operations to be performed on a compo-
nent and the machines are in different floors above each 

other, then the operator after finishing the operation can 
drop the component in the gravity based zig-zag material 
handling system. It can be repeated till the component 
gets finished. An example is as shown in Figure 14. 

12.  Conclusion
A new type of material handling system which works 
based on gravity was modeled using SOLIDWORKSTM and 
simulated using MSC ADAMSTM. The forces and torques 
obtained during simulation were plotted against time. 
Then a prototype was made using plastic and its work-
ing was shown. There is no necessity of using any power 
source which means that no electric power is used. It can 
be easily designed and installed. It will be of great use to 
industries where they have many floors that are above each 
other. It requires very less ground space and hence com-
pact. It can be made movable or fixed in a place. But it can 
be used to transfer materials only from the top to the bot-
tom floor because it works on gravity. Moving the material 
up must be done using lifts or conveyors. Aging and wear 
of joints are reduced by using bearings between the trans-
fer bucket and the pin. Therefore the gravity based zig-zag 
material handling system can play a vital role in industries 
in future due to its simple and robust design. 
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The authors thank the management of SASTRA University 
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College (Melmaruvathur, India) for providing us with the 
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10. Layouts 
 

There are three possible layouts in which the gravity based zig-zag 
material handling system can be arranged. They are inline layout, S layout 
and mixed layout. In the inline layout as shown in Figure 13(a), the work 
piece starts from the top and comes to the bottom is a single straight line. 
In this layout, some of the floors can be bypassed. In the S layout as 
shown in Figure 13(a), the work piece passes through all the machines in 
each floor. In the mixed layout, both inline and S layout are present 
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Figure 13. (a) Inline layout. (b) S layout and (c) Mixed layout. 

11 Applications 

It can be used in industries where there are many floors on top of each 
other. The starting of the process can be on the top floor and the ending 
can be on the bottom floor. This can be done using the gravity based zig-
zag material handling system in between each floor. In industries where 
there are many operations to be performed on a component and the 
machines are in different floors above each other, then the operator after 
finishing the operation can drop the component in the gravity based zig-
zag material handling system. It can be repeated till the component gets 
finished. An example is as shown in Figure 14.  

Figure 14.  A possible application of the gravity based  
zig-zag material handling system in an industry.

 

 
Figure 14. A possible application of the gravity based zig-zag material 
handling system in an industry. 

 
12. Conclusion 
 

A new type of material handling system which works based on gravity 
was modeled using SOLIDWORKSTM and simulated using MSC 
ADAMSTM. The forces and torques obtained during simulation were 
plotted against time. Then a prototype was made using plastic and its 
working was shown. There is no necessity of using any power source 
which means that no electric power is used. It can be easily designed and 
installed. It will be of great use to industries where they have many floors 
that are above each other. It requires very less ground space and hence 
compact. It can be made movable or fixed in a place. But it can be used to 
transfer materials only from the top to the bottom floor because it works 
on gravity. Moving the material up must be done using lifts or conveyors. 
Aging and wear of joints are reduced by using bearings between the 
transfer bucket and the pin. Therefore the gravity based zig-zag material 
handling system can play a vital role in industries in future due to its 
simple and robust design.  
13. Acknowledgments 
 
The authors thank the management of SASTRA University (Thanjore, 
India) and Adhiparasakthi Engineering College (Melmaruvathur, India) 
for providing us with the necessary software in the CAD/CAM laboratory 
to carry out the research. 



V. S. Rajashekhar, T. Pravin, K. Thirupathi and S. Raghuraman

Indian Journal of Science and Technology 7Vol 8 (22) | September 2015 | www.indjst.org

14.  References
1.	 Chang TS, et al. The innovative conveying device application 

for transferring articles between two-levels of a multi-story 
building. International Journal of Advanced Manufacturing 
Technology. 2006; 197–204.

2.	 Conwell C, Johnson GE. Experimental investigation of link 
tension and roller-sprocket impact in roller chain drives. 
Mech Mach Theory. 1995; 31(4):533–44.

3.	 Groover P. Automation, production systems, and comput-
er-integrated manufacturing. 3rd ed. Eastern Economy 
Edition; 2011.

4.	 Fedorko, G, et al. Failure analysis of textile rubber conveyor 
belt damaged by dynamic wear. Engineering Failure 
Analysis. 2013; 28:103–14.

5.	 Haneyah SWA, et al. Generic planning and control of 
automated material handling systems: Practical require-
ments versus existing theory. Computers in Industry. 2013; 
64:177–90.

6.	 Halim NHA, et al. Gravity flow rack’s material han-
dling system for Just-In-Time (JIT) production. Procedia 
Engineering. 2012; 41:1714 –20.

  7.	 Mazurkiewicz D. Analysis of the ageing impact on the 
strength of the adhesive sealed joints of conveyor belts. 
Journal of Materials Processing Technology. 2008; 208: 
477–85.

  8.	 Meinert S, et al. A modular simulation approach for 
automated material handling systems. Simulation Practice 
and Theory. 1999; 7:15–30.

  9.	 Owen PJ, Cleary PW. Prediction of screw conveyor 
performance using the Discrete Element Method (DEM). 
Powder Technology. 2009; 274–88.

10.	 Scott OJ, Choules PR. The use of impact plates in conveyor 
transfers. Tribology International. 1993; 353–9.

11.	 Wang Y, et al. Modified sprocket tooth profile of roller 
chain drives. Mechanism and Machine Theory. 2013; 
70:380–93.

12.	 Spiral conveyors, Vertical conveying Solutions. Ryson 
International INC.

13.	 Basic ADAMS Full Simulation Package Training Guide – 
Version 12.0. 2002.


