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Abstract - Machines have a huge impact on the economic pertaining to the productivity of the industry. Presently major 
concern in industry is to reduce the machinery cost and the space occupied by the machine. If two or more operations can be 
performed in a single machine, it can reduce the labor cost and increase the productivity of the industry. This is possible with 
the idea of multi-operation machine. With understanding all the major constrains, a machine which can perform milling, 
hacksaw, drilling, grinding etc, can be done simultaneously. In this project Hacksaw cutting operation is fabricated with 
work holding frames. This machine has been developed by adopting the scotch-yoke inversion mechanism. The scotch-yoke 
mechanism converts the rotary motion into reciprocatory motion and uses this to perform the necessary cutting operation on 
the both ends. 
 
Index Terms - Scotch-Yoke Inversion Mechanism, Special Purpose Machine 
 
I. INTRODUCTION 
 
Multi-operation machine as a research is a motivation 
that arises from the industrial manufacturing needs. It 
has been a major concern to reduce the machinery 
cost and the space occupied by the machine. If this 
can be reduced to just a single machine, it can reduce 
the labor cost and increase the productivity of the 
industry. This is possible with the idea of multi-
operation machine. After understanding the 
constrains in the machine performance, an idea of 
fabricating a machine which can perform multiple 
operations simultaneously. Machines have a huge 
impact on the economic impact pertaining to the 
productivity of the industry. The labor cost and 
machining time play a vital role in the success of the 
machine. For expanding boundaries on the above said 
constrains, it has been found that modification of the 
fabrication of existing machine and to develop a 
multi-purpose machine. The project is mainly 
designed and developed to reduce the production time 
and increase the production rate by implementation of 
the double acting hacksaw with using scotch-yoke 
mechanism. The Scotch yoke (also known as slotted 
link mechanism) is a reciprocating motion 
mechanism, 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. 
 
II. SCOTCH-YOKE MECHANISM 
 
The Scotch yoke (also known as slotted link 
mechanism) is a reciprocating motion mechanism, 
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 location of the piston versus time is 

a sine wave of constant amplitude, and constant 
frequency given a constant rotational speed. 

 
Fig 1: Front view of the scotch-yoke mechanism 

The scotch-yoke mechanism is constructed with iron 
bars. Here the crank is made is made in 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 
are connected with a pin. The iron bars are welded to 
both sides of the yoke to get a reciprocating motion.  
The yoke with the iron bars is fixed on the display 
board with the help of a C clamp. Now the crank is 
welded to the end of the shaft of the motor. Now the 
pin of the crank is connected to the yoke. The pin is 
used to connect the yoke and crank is a bolt. When 
power is being supplied to the ac 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 in the 
clockwise direction, the yoke will get a displacement 
in the forward direction. The maximum displacement 
will be equal to the crank length. When the crank 
completes the next of the rotation the yoke comes 
back to its initial position. For the next of the rotation, 
yoke moves in the backward direction. When the 
crank completes a full rotation, it comes back to it’s 
initial position. For the next rotation, yoke moves in 
the backward direction. When the crank completes 
one full rotation it comes back to its initial position. 
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For a complete rotation of crank the yoke moves 
through a length equal to the double the length of the 
crank.  The displacement of the yoke can be 
controlled by varying length of the crank. 
 
III. FABRICATION OF THE MACHINE 
 
Firstly, the shafts carrying the pulleys were fabricated 
and designed. Primary shaft carrying the primary 
pulley and the drill chuck are fabricated using lathe 
operations. The diameter and length of the shaft are 
20mm and 30 cm respectively. Secondary shaft 
carrying the secondary the secondary pulley and 
grinding wheel was fabricated just like the primary 
shaft of the same dimensions. Both the discs are 
precisely calculated and fabricated to satisfy the need. 
 

 
Fig 2: Small Shaft with 2 bearings 

 

 
Fig 3: Bigger Shaft and motor 

 
After the designing of the shafts, the next step was 
going to hold the shafts, motor and perform the 
required operations .MS Steel tubes of 1x2 inch were 
used to fabricate the frame. Mild Steel (MS) is steel 
in which the main interstitial alloying constituent is 
carbon in the range of 0.12 to 2.0%. Mild steel is also 
called plain carbon steel. Low carbon steel contains 
approximately 0.05 to 0.3% of carbon making it 
malleable and ductile. 
 
Mild steel has relatively low tensile strength but 
cheap and malleable, surface hardness can be 
improvised by carburizing. It is used when large 
quantities of steel are requiring, for example 
structural steel. 

 
Fig 4: Frame with motor assembly. 

To with hold the power and torque of powerful AC 
motor, a strong frame had to be fabricated 
considering the dimensions. As a result, a frame of 
3x3 feet is fabricated using 1x2 inch steel tubes.  The 
grinding wheel was placed at distance of 2ft from the 
ground level and the motor is placed at a distance of 
2ft from the ground. The fabrication of the scotch 
yoke mechanism was done using accurate dimensions 
as calculated. A circular disc of diameter 10cm is cut 
and welded into a primary shaft.Then 2 links of the 
same length of 4cm are designed and welded into a 
circular disc connecting the primary shaft.  These 
links are used as a slider mechanism for hacksaw 
cutting. The slider of being length 10 cm. Hacksaw 
blades are welded into these links for cutting 
operations and an appropriate work holding device 
was fabricated with accurate dimensions to hold the 
work piece. 
 

 
Fig 5: Assembly of all elements 

 
Belts of size 1.04 m and 1.07 m were used to connect 
the secondary pulley to the motor and the primary 
pulley to the secondary pulley respectively. Finally, 
the entire machine is painted with the desired colors, 
 

 
Fig 6: Final model 

 
IV. CALCULATIONS 
 
Motor Specifications: 
Power= 1HP =0.746kW 
Motor speed=2880 rpm 
Pulley Calculations: 
Speed of Pulley 1= 2880 rpm= N1 
Diameter of pulley 1= 2 inch =5.08 cm 
 
Grinding speed: 
Diameter of pulley2= 14 inch = 35.56 cm=D2 
Speed of pulley 2= 
N2=N1*D1/D2=2880*5.08/35.56=412 rpm 
Speed of grinding = 412 rpm 
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Drilling speed: 
Diameter of pulley 3= 2 inch= 5.08 cm=D3 
Diameter of pulley 4=8 inch=20.32 cm= D4 
Speed of pulley 4 = N4=N3*D3/ 
D4=412*5.08/20.32=102 rpm 
Drilling speed=102 rpm 
 
Length of belts: 
Belt 1: 
Length of the belt for an open belt drive: 
L=2C+π(r1+r2) + [(r1-r2)2/2] 
r1=D1/2=5.09/2=2.54 cm 
r2=D2/2=35.56/2=17.78 cm 
C1=distance between two centers= 42 cm 
L1=84+π (2.54+17.78) +(2.54-17.78)2/2] =153.36 cm 
 
Belt 2: 
r1=D3/2=5.08/2=2.54 cm 
r2=D4/2=20.32/2=10.16 cm 
C2=31 cm 
L2=139.35 cm=1.3935 m 
 
Torque calculations: 
Power=Torque * ω 
ω = 2πN1/60 
At Pulley 1, ω1=2*π*2880/60=301.592 rad/s 
Power=1 HP=0.75 kW 
Torque=P/ω=0.72/301.592=2.488 N-m 
This torque is generated at motor and pulley 1 and 
transmitted to the grinding wheel. 
At Pulley 2, ω2=2*π*412/60=43.144 rad/s 
Power= 1HP= 0.75 kW 
T=0.75/43.144=1.738 N-m 
 
The torque produced at pulley 1 and pulley 2 is 
transmitted to the drilling wheel and hacksaw cutting. 
 
V. WORKING 
 
The operations done on this machine are drilling, 
grinding and hack saw cutting. All 3 operations are 
performed simultaneously using an assembly of 
pulleys, belts, shafts and scotch-yoke mechanism. 
The main power supply for the machine comes from 
the 3 phase AC motor with a load of 1HP. The motor 
is connected to the grinding mechanism with the help 
of V-Belt and pulley arrangement. The pulley on the 
shaft that is running the grinding mechanism is a step 
pulley. The pulley supplies load to the grinding 
operation and to the mechanism carrying both 
Hacksaw cutting and drilling operation. The load is 
transmitted from the grinding mechanism to the 
drilling mechanism again through a V-Belt and pulley 
arrangement. The Shaft that is housing the pulley 
responsible for drilling operation is connected to a 
metallic disc on the opposite side that houses the 
mechanism that is responsible for the hacksaw 
operations. The scotch-yoke mechanism converts the 
rotary motion coming from the shaft into 
reciprocatory motion and uses this to perform the 

necessary cutting operation on the both ends. 
Hacksaw cutting operation is facilitated with work 
holding frames that are mobile. Other two operations 
are semi manual and needs a working fabrication to 
make it fully automatic. 
 
VI.   APPLICATIONS 
 
Every machine has to perform certain operation based 
on the user requirement. The most important part of 
the operation of the machine is its efficiency. With 
the advancement in technology, machines have been 
built to perform multi operations with ease and time 
being an important factor. The following operation 
can be performed by our fabricated special purpose 
machine: 

 This is best suited for batch and mass 
production. 

 Light materials like plastic, wood, and thin 
metal sheets can be machined. 

 This machine can be used in a small-scale 
industry. 

 Gym equipment can be machined. 
 Furniture and building equipment can be 

produced. 
Let’s consider an example of a carpentry shop. Take 
for example the construction of the wooden window 
for example, the construction of a wooden frame. We 
need wooden bars with good surface finish, drilled 
with holes and with desired dimensions. Our 
proposed machine can perform all the above 
operations in an efficient manner and in a single 
room. 
 
VII. ADVANTAGES AND DISADVANTAGES 
OF THE SPECIAL PURPOSE MACHINE 
 
The advantages of the special purpose machine are as 
follows: 

 Multi operations can be performed at the 
same time 

 This machine can be used in return stroke 
mechanism too. 

 All operations are performed using a single 
motor. 

 Less man-power required 
 Low manufacturing and maintenance cost 
 With higher efficiency and consistency 

more, operation can be performed 
The disadvantages of the special purpose machine: 

 More moving parts, hence more friction 
 Lubrication is required 
 It requires more electric power 

 
SCOPE FOR FUTURE WORK 
 
A machine is fabricated for technological 
advancement of the society but that is constrained to 
a period of time. The complexities of the problems 
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keep on varying and changing.  To satisfy the needs 
there are several modification s that can be done to 
the special purpose machine. The modifications are as 
follows: 

 We can perform cutting, drilling and 
grinding operations individually by 
introducing coupling. 

 We can perform Boring Operation by 
replacing the drilling tool with the boring 
tool. 

 The speed of the motor can be altered by 
using a regulator. 

 We can perform shaping operation by 
replacing the Hacksaw tool by a shaping 
tool. 
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