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Abstract - This Thesis deals with development and fabrication of “MULTI PURPOSE MACHINE”. This machine is 
designed for the purpose of multi operations i.e. drilling, hacksaw cutting and shaping operations. This machine performs 
multipurpose operations at the same time with required speed and this machine is automatic which is controlled or operated 
by motor which is run with help of current. This machine is based on the Scotch Yoke Mechanism. This model of the multi 
operational machine may be used in industries and domestic operations, which can perform mechanical operations like 
drilling, cutting and shaping of a thin metallic as well as wooden model or body. 
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I. INTRODUCTION 
 
Multi-purpose machine as a research area is 
motivated by questions that arise in industrial 
manufacturing, production planning, and computer 
control. Consider a large automotive garage with 
specialized shops. A car may require the following 
work: replace exhaust system, align wheels, and tune 
up. These three tasks may be carried out in any order. 
However, since the exhaust system, alignment, and 
tune-up shops are in different buildings, it is 
impossible to perform two tasks for a car 
simultaneously. When there are many cars requiring 
services at the three shops, it is desirable to construct 
a service schedule that takes the least amount of total 
time. 
 
1.1 SCOTCH YOKE MECHANISM 
The Scotch yoke is a mechanism for converting the 
linear motion of a slider into rotational motion or 
vice-versa. The piston or other reciprocating part is 
directly coupled to a sliding yoke with a slot that 
engages a pin on the rotating part. The shape of the 
motion of the piston is a pure sine wave over time 
given a constant rotational speed. 

 
Figure 1: scotch yoke mechanism representation 

 
1.2 CONSTRUCTION 
The scotch yoke mechanism is constructed with iron 
bars. Here the crank is made of some length and the 
yoke is also made using the same material. It is noted 
that the minimum length of the yoke should be 
double the length of the crank. The crank and yoke is 
connected with a pin. Iron bars are welded to both 
sides of the yoke to get the reciprocating motion. The 
yoke with the iron bars is fixed on the display board 
with the help of c clamp. Now the crank is welded to 
the end of the shaft of the motor. Now the pin on the 
crank is connected to the yoke. The pin used to 
connect yoke and crank is a bolt. 
 
1.3 WORKING PRINCIPLE 
When the power is supplied to the 12v Dc motor, 
shaft and crank attached to the shaft start rotating. As 
the crank rotates the pin slides inside the yoke and 
also moves the yoke forward. When the crank rotates 
through in clockwise direction the yoke will get a 
displacement in the forward direction. The maximum 
displacement will be equal to the length of the crank. 
When the crank completes the next of rotation the 
yoke comes back to its initial position. For the next of 
rotation, yoke moves in the backward direction. 
When the crank completes a full rotation the yoke 
moves back to the initial position. For a complete 
rotation of crank the yoke moves through a length 
equal to double the length of the crank. The 
displacement of the yoke can be controlled by 
varying the length of the crank. 

 
Figure 2: working of the mechanism 
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1.4 RADIAL ARM DRILL PRESS 
A radial arm drill press is a large geared head drill 
press in which the head can be moved along an arm 
that radiates from the machine's column. As it is 
possible to swing the arm relative to the machine's 
base, a radial arm drill press is able to operate over a 
large area without having to reposition the workpiece. 
This saves considerable time because it is much faster 
to reposition the drill head than it is to unclamp, 
move, and then re-clamp the workpiece to the table. 
The size of work that can be handled may be 
considerable, as the arm can swing out of the way of 
the table, allowing an overhead crane or derrick to 
place a bulky workpiece on the table or base. A vise 
may be used with a radial arm drill press, but more 
often the workpiece is secured directly to the table or 
base, or is held in a fixture. Power spindle feed is 
nearly universal with these machines and coolant 
systems are common. Larger size machines often 
have power feed motors for elevating or moving the 
arm. The biggest radial arm drill presses are able to 
drill holes as large as four inches (101.6 millimetres) 
diameter in solid steel or cast iron. Radial arm drills 
are specified by the diameter of the column and the 
length of the arm. The length of the arm is usually the 
same as the maximum throat distance. The Radial 
Arm Drill pictured in this article is a 9-inch column x 
3-foot arm. The maximum throat distance of this drill 
would be approximately 36", giving a swing of 72" (6 
feet). 

 
Figure 3: Radial arm drill press 

 
1.5 HACKSAW 
 Hand-held hacksaws consist of a metal arch with a 
handle, usually a pistol grip, with pins for attaching a 
narrow disposable blade. Ascrew or other mechanism 
is used to put the thin blade under tension.The blade 
can be mounted with the teeth acing toward or away 
from the handle,resulting in cutting action on either 
the push or pull stroke. On the push stroke, the arch 

willflex slightly, decreasing the tension on the blade, 
often resulting in an increased tendency of the blade 
to buckle and crack. Cutting on the pull stroke 
increases the blade tension and willresult in greater 
control of the cut and longer blade life 
 
A hacksaw is a fine-tooth saw with a blade under 
tension in a frame, used for cuttingmaterials Such as 
metal. Hand-held hacksaws consist of a metal frame 
with a handle, and pins for attaching a narrow 
disposable blade. A screw or other mechanism is used 
to put thethin blade under tension. A power hacksaw 
(or electric hacksaw) is a type of hacksaw that is 
powered by electric motor. Most power hacksaws are 
stationary machines but some portablemodels do 
exist. Stationary models usually have a mechanism to 
lift up the saw blade on thereturn stroke and some 
have a coolant pump to prevent the saw blade from 
overheating. 
 

 
Figure 4: hacksaw 

 
II. LITERATURE SURVEY 
We have done a survey regarding cutting, shaping 
and drilling machines, from that  we came to know 
that these machines can perform only single operation 
at a time so that we found a problem in that machine 
that we cannot perform all three operation in single  
machine. From this survey only we got an idea to 
develop a multi-purpose machine. In this survey we 
had met with few machines and the operators who 
operate those machines. The machines are namely 
cutting machine, shaping machine and drilling 
machine. 
 
By seeing those three different machines, we noticed 
that they occur a huge space for their working. And 
those three machines are operated with skilled 
workers. We have done a survey with those workers 
who operate those machines. From their words we 
came to know that these three different machines 
need three different types DC motors of different 
volts for their working. And they said these machines 
also need high maintenance and manpower.  
 
From the data details which we gathered from the 
people who deals with this drilling machine, shaping 
machine and cutting machine we came to a point that 
the operation of these three different machines are 
usually carried out individually and it requires three 
different motors for their functioning. These 
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operations are also required of skilled operators and 
more man power.  

 
Figure 5:  shaping machine: 

 
Figure 6: drilling machine 

 
Figure 7: hacksaw cutting 

 
The above three figures (Fig 5, Fig 6, Fig 7) shows 
shaping machine, drilling machine and cutting 
machine respectively. To make the working 
operations easier we planned to assemble these three 
different machines in to a single machine. This 
assembled machine can be called as a multipurpose 
machine, in which we can do all three operations like 
cutting, drilling and shaping at a same time from a 
single DC motor. The use of multipurpose machine 
makes the work easier and reduces the manpower. It 
can also be automated and the speed can be regulated. 
 
III. PROBLEM DEFINITION 
 
3.1 PROBLEM STATEMENT: 
To design and development of MULTI PURPOSE  
MACHINE, a structured which is designed for the 

purpose of MULTI-OPERATIONs i.e. DRILLING, 
CUTTING & SHAPING. 
 
3.2 PROBLEM IDENTIFICATION: 
This machine perform multipurpose operation at 
same time with required speed & this machine is 
automatic which is controlled or operated by motor 
which is run with the help of current. This machine is 
based on the Scotch Yoke mechanism. This model of 
the multi-purpose machine may be used in industries 
and domestic operation which can perform 
mechanical operation like drilling, cutting & shaping 
of a thin metallic as well as wooden model or body. 
 
IV. METHOD OF DEVELOPING MULTI 
PURPOSE MACHINE 
 
4.1 CONCEPT 1 
In the very first concept the use of crank and slot 
mechanism which was not effective as it doesn’t give 
complete rotation and the length of the stroke is also 
less, which won’t be much enough to cut or shape 
when a work piece of higher dimensions are used. 
Thus use of crank and slot mechanism was not useful 
for this machine so we denied the use of it.  
4.2 CONCEPT 2 

 
Figure 8: concept 2 

In the second concept we changed the crank and slot 
mechanism to Scotch Yoke Mechanism, which gives 
complete rotation and sufficient stroke length to 
preform our operation, and we have used crank shaft 
to transmitte power D.C motor  to shaper and cutting 
machine. 
4.3  CONCEPT 3 
In the third concept we changed crank shaft to simple 
shaft again, as the crank shaft does not give proper 
allignment  and creates more vibration to the system. 
Use of simple shaft has helped us to reduce the 
vibration of the complete device to its half. 
4.4  BLOCK DIAGRAM 

 
Figure 9: block diagram of multi-purpose machine 
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From the block diagram we can see that a DC motor 
is connected to a battery, with the help of this battery 
the DC motor is rotated. The bevel gear which is 
attached to the motor also starts rotating. And when 
the bevel gear rotates the drilling machine which is 
connected to it starts to work. From the drilling 
machine a shaft is connected to the cam mechanism 
which is used to reciprocate the cutting and shaping 
machine. 
 
V. 2D DIAGRAM OF MULTIPURPOSE 
MACHINE 
 
2D computer graphics is the computer-based 
generation of digital images—mostly from two-
dimensional models (such as 2D geometric models, 
text, and digital images) and by techniques specific to 
them. The word may stand for the branch of computer 
science that comprises such techniques, or for the 
models themselves. 
2D computer graphics are mainly used in applications 
that were originally developed upon 
traditional printing and drawing technologies such 
astypography, cartography, technical 
drawing, advertising, etc. In those applications, the 
two-dimensional image is not just a representation of 
a real-world object, but an independent artifact with 
added semantic value; two-dimensional models are 
therefore preferred, because they give more direct 
control of the image than 3D computer 
graphics (whose approach is more akin 
to photography than to typography). In many 
domains, such as desktop publishing, engineering, 
and business, a description of a document based on 
2D computer graphics techniques can be much 
smaller than the corresponding digital image—often 
by a factor of 1/1000 or more. This representation is 
also more flexible since it can be rendered at 
different resolutions to suit different output devices. 
For these reasons, documents and illustrations are 
often stored or transmitted as 2D graphic files. 2D 
computer graphics started in the 1950s, based 
on vector graphics devices. These were largely 
supplanted by raster-based devices in the following 
decades. The PostScript language and the X Window 
System protocol were landmark developments in the 
field. 
 

 
Figure 10: 2D view 

5.1 3D DESIGN OF MULTIPURPOSE 
MACHINE 
3D modeling is the process of developing a 
mathematical representation of any three-
dimensional surface of object (either inanimate or 
living) via specialized software. The product is called 
a 3D model. It can be displayed as a two-dimensional 
image through a process called 3D rendering or used 
in a computer simulation of physical phenomena. The 
model can also be physically created using 3D 
printing devices. 
Models may be created automatically or manually. 
The manual modeling process of preparing geometric 
data for 3D computer graphics is similar to plastic 
arts such as sculpting. New concepts in 3D modeling 
have started to emerge such as curve-controlled 
modeling that emphasizes the modeling of the 
movement of a 3D object instead of the traditional 
modeling of the static shape. 3D modeling software is 
a class of 3D computer graphics software used to 
produce 3D models. Individual programs of this class 
are called modelling applications or modellers. 

 
Figure 11: Angular view 

 
Figure 12: Back view 

 
Figure 13: Side view 
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Figure 14: Top view 

 
Figure 15: 3D view 

Fabrication is a value added process that involves the 
construction of machines and structures from various 
raw materials. A fab shop will bid on a job, usually 
based on the engineering drawings, and if awarded 
the contract will build the product. Large fab shops 
will employ a multitude of value added processes in 
one plant or facility. These large fab shops offer 
additional value to their customers by limiting the 
need for purchasing personnel to locate multiple 
vendors for different services. The raw material has 
to be cut to size. This is done with a variety of tools. 
The most common way to cut material is by Shearing 
(metalworking); 
Special band saws designed for cutting metal have 
hardened blades and a feed mechanism for even 
cutting. Abrasive cut-off saws, also known as chop 
saws, are similar to miter saws but with a steel cutting 
abrasive disk. Cutting torches can cut very large 
sections of steel with little effort. 
Burn tables are CNC cutting torches, usually natural 
gas powered. Plasma and laser cutting tables, 
and Water jet cutters, are also common. Plate steel is 
loaded on a table and the parts are cut out as 
programmed. The support table is made of a grid of 
bars that can be replaced. Some very expensive burn 
tables also include CNC punch capability, with a 
carousel of different punches and taps. Fabrication of 
structural steel by plasma and laser cutting introduces 
robots to move the cutting head in three dimensions 
around the material to be cut. 

Machining is a trade, in and of itself, although Fab 
shops will generally entail a limited machining 
capability including; metal lathes, mills, magnetic 
based drills along with other portable metal working 
tools After the weldment has cooled it is 
generally sand blasted, primed and painted. Any 
additional manufacturing specified by the customer is 
then completed. The finished product is 
then inspected and shipped. 
 

 

Figure 16: Unassembled bevel gear arrangement for drilling 
process 

 

 

Figure 17: Bevel gear arrangement and drilling machine 
 

 

Figure 18: Slot during welding 
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Figure 19: Welding of slot 
 

 
Figure 20: Postionong the slot for the motion convertion 

 

 

Figure 21:  Machine during painting 
 

CONCLUSION 
 
Multi operations are performed at same time. our 
machine is used in return stroke mechanism also. All 
operations are performed in single motor. Size is 
compact therefore it requires less space. It is time 
saving. Less man power is required.Low 
manufacturing and maintenance cost. The operations 
which are discussed like cutting, shaping and drilling 
are usually carried individually and it requires three 
different motors for their functioning. These 
operations are also required of skilled operators and 
more man power.  
The machine which we designed here can perform 
multi operations i.e.; drilling, hacksaw cutting and 
shaping operations simultaneously at same time with 
a single motor.Use of simple shaft has helped us to 
reduce the vibration of the complete device to its half. 
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