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Abstract— In this paper study presents the design, analysis 

and fabrication of “MULTIPURPOSE MECHANICAL 

MACHINE”. This mechanical machine is designed to 

perform multi operations specially drilling, cutting and 

grinding. The machine is designed to perform all the 

operations at same time with desired speed. The mechanism 

is fully automatic driven by 0.5hp electric motor. This 

machine is based on the mechanism of Scotch yoke 

mechanism and belt drive. This model of the multi 

operational machine may be used in industries and domestic 

operation which can perform mechanical operation like 

drilling, cutting & grinding of a thin metallic as well as 

wooden model or body. In this study literature review and 

problem identification is performed. In this part of research 

we show the CAD model, Design calculation, FE model and 

results of the multipurpose machine. Also define the 

construction and working of the machine. 
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I. INTRODUCTION  

Manufacturing Industries are usually meant for Production 

and services at low production cost, machining cost and low 

inventory cost. Today in this world every operation have been 

made quicker and faster due to technology advancement but 

this advancement also demands big investments, every 

production industry desires to make high production rate with 

high quality and standard of the product at very less average 

cost. 

In an industry a considerable portion of investment 

is being made for machinery installation. So in this paper we 

have a proposed a machine which can perform operations like 

drilling, sawing and grinding simultaneously which implies 

that industrialist have not to cost for machine performing 

above operations individually for operating operation 

simultaneously.  

Multi-purpose machines as a research is motivated 

from the obstructions arise in manufacturing industries. 

Consider in a big 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, as the exhaust system, alignment 

and tune-up shops are in different places, it is impossible to 

perform two tasks simultaneously for a car. When there are 

many cars requiring services at the shops, it is desirable to 

build a service schedule that takes the least Total time.  

Drilling machines can be defined as an equipment 

which is used to drill holes. Drilling machine plays an 

important role in mechanical industries. The attachment is 

gripped by a chuck at one end of the drill and rotated while 

pressed against the target material.  

 
Fig. 1: Drilling machines 

Sawing or cutting is a process of cutting material by 

a narrow slit is cut into the work piece by a tool consisting of 

a sequence of narrowly spaced teeth called a saw blade. 

Sawing or cutting is used to separate parts into two or more 

piece, or to cut an unwanted part.  

 
Fig. 2: Sawing or cutting 

Grinding is an abrasive machining operation that 

uses a grinding wheel as the cutting tool.Grinding is used to 

finish the work piece that requires surface quality as well as 

high accuracy of shape and dimension. 

 
Fig. 3: Grinding 

II. IDENTIFICATION OF PROBLEM 

The performance of manufacturing operations is highly 

dependent on their Production cost and production time.   

Every industry desires to make high productivity rate 
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maintaining the quality and standard of the product at low 

average cost. In an industry a considerable portion of 

investment is being made for machinery installation. 

For a single product various operations performed 

on different machine requires more time. Hence it becomes 

important to overcome the time and cost issue and make out 

the best possible design for multipurpose machine. Therefore 

we are performing design and analysis of multipurpose 

mechanical machine.  

III. CAD MODEL GENERATION 

CAD model of Multi-purpose mechanical machine: 

 
Fig. 3.1: Isometric view of Multi-purpose mechanical 

machine 

 
Fig. 3.2: Front view of Multi-purpose mechanical machine 

 
Fig. 3.3: Right-hand side view of Multi-purpose mechanical 

machine 

 
Fig. 3.4: Left-hand side view of Multi-purpose mechanical 

machine 

 
Fig. 3.5: Top view of Multi-purpose mechanical machine. 

IV. CONSTRUCTION AND WORKING 

A. Construction:  

The basic components of a multi-purpose mechanical 

machine are induction motor, bevel gears, V-belt and pulley, 

bearings, drill chuck, pulleys, V-belt, grinding wheel, and 

hack saw blade with frame. The frame of multi-purpose 

mechanical machine has a dimension of (610x600x640 mm) 

and is made of MS square tube. 

 
Fig. 4.1: Actual image of MPM 

The induction motor of 230 volts, 3.24 A, 1HP is 

mounted at the bottom of the frame .The construction consist 
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of a small pulley and big pulley. The shaft of the motor is 

connected with the small pulley and power is transmitted to 

the bigger pulley with the help of V-belts. The bigger pulley 

rotates the shaft mounted on the top of frame .One end of the 

shaft is connected with the bevel gear which is use to perform 

drilling mechanism. The drilling shaft consists of drill chuck 

at the end to hold the drill bit of varying sizes as shown in 

figure. 

The other end of the shaft rotates a cam disc 

connected to scotch yoke mechanism which is used to 

perform cutting and slotting operation. The cutting 

mechanism consists of hack saw with frame. . As, mentioned 

here cutting and slotting mechanism are carried out by scotch 

yoke mechanism when the disc rotates right hand side hack 

saw will be moved to right side to cut the specimen, when the 

disc rotates to the left side slotting operation will be carried 

out on the specimen.  

Now, the extended part of the motor shaft is 

connected directly to the grinding wheel which is used to 

surface finish for bringing the component for the desired 

shape and size. 

B. Working:  

Here, drive system is AC motor it plays a major role in this 

entire project. The multiple operations has been takes place 

instantly by the output power of AC induction motors. The 

motor shaft is connected with a bevel gear arrangement and 

small pulley.  The small pulley is connected with a belt drive 

of another large pulley in which one shaft is connected. This 

shaft consist of bevel gear arrangement to operate the drilling 

machine in one side and to rotate a cam disc with scotch yoke 

mechanism on another side which will be used for cutting and 

slotting operation. Therefore, lockng pins are used in this 

concept for disengage the particular operation. From the 

diagram we can see that nuts are placed between shafts and 

particular operating tools. As, we mentioned here cutting and 

slotting mechanism are carried out by scotch yoke 

mechanism when the disc rotates right hand side hack saw 

will be moved to right side to cut the specimen, when the disc 

rotates to the left side slotting operation will be carried out on 

the specimen.  

V. DESIGN CALCULATION 

A. Data Accumulated: 

1) Motor Specification: 

Speed (N) = 1440 rpm 

Voltage (V) = 230 volts 

Current (I) = 3.24 A 

Power = V x I 

           = 230 x 3.24 = 745.2 watts 

Power = 1 HP 

Torque =  
60 × P

2πN
 

T =
60 × 745.2

2 × π × 1440
 

Torque = 4.94 N. m 

2) Grinding Force: 

Grinding force = μ ×
v. d. b

V
 

D = 150mm (wheel diameter) 

d = depth of cut 

v = 1.5 m/min workpiece velocity 

b = 30mm ( width of cut) 

r = 10 to 20 (ratio of chip) 

c = 5 grains per mm2 ( no. of cutting edge) 

V = peripheral wheel velocity 

nu = 35 W-s/mm3 (specific grinding energy) 

3) Depth of Cut: 

Power =  μ × MRR = μvdb 

d =
745 × 60

35 × 1.5 × 30 × 106
= 2.8 × 10−5m 

Grinding force = μ ×
v. d. b

V
 

F = 35 ×
1500 × 2.8 × 10−2 × 30 × 1000

1440 × 150π
= 64.98 N 

4) Torque due to Grinding Force: 

T = 64.98 × 75 = 4874.1 N. mm 

5) Pulley calculations: 

driver pulley; d1 = 0.0375m 

                          N1 = 1440 RPM 

Driven pulley; d2 = 0.4m 

RPM ration of pulley, 
N1

N2
=

d2

d1
 

N2 =
N1 × d1

d2
=

1440 × 0.0375

0.4
= 135 RPM 

6) Power Transmitted between Pulley: 

max. permissible stress = 2.5 N/mm2 

diameter of pulley = 0.0375m 

speed = 1440 rpm 

angle of contact ϴ = 2.87 radian 

coefficient of friction μ = 0.3 

Velocity of belt; 

v =
πdN

60
=

π × 0.0375 × 1440

60
= 2.827m/s 

max. tension; 

T1 = f × b × t 
T1 = 2.5 × 16 × 24 = 960 N 

using equation we get, 
T1

T2
= eμθ 

960

e0.3×2.87
= T2 

T2 = 405 N 
power transmitted, 

P =  
(T1 − T2) × v

1000
 

P =  
(960 − 405) × 2.827

1000
= 1.57 KW = 2HP 

7) Drilling Calculations: 

Torque, 

Torque =
HP × 5252

RPM
=

2 × 5252

135
= 77.8

ft

lbs
= 105 × 103N. mm 
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VI. FINITE ELEMENT MODEL GENERATION 

A. FE Modelling: 

 
Fig. 6.1: FE modeling of Multi-purpose mechanical machine 

 
Fig. 6.2: FE modeling of Multi-purpose mechanical machine 

 
Fig. 6.3: FE modeling of Multi-purpose mechanical machine 

 
Fig. 6.4: FE modeling of Multi-purpose mechanical machine 

 
Fig. 6. 5: FE modeling of Frame 

 
Fig. 6.6: FE modeling of Multi-purpose machine 

VII. BOUNDARY CONDITIONS 

Constraints:  

 
Forces and moments: 

 
Fig. 7.1: Boundary conditions for FE modelling of Multi-

purpose mechanical machine when forces and moments are 

applied. 
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VIII. FEA RESULTS 

A. Linear Static Analysis: 

 
Max. Displacement = 2.08 mm 

Fig. 8.1: Linear static analysis with maximum displacement 

of 2.08mm 

 
Displacement in frame = 1.6mm 

Fig. 8.2: Linear static analysis of Frame with displacement 

of 1.6mm 

 
Displacement in mechanism = 2.08mm 

Fig. 8.3: Linear static analysis of mechanism with 

displacement of 1.6mm 

 
Max VonMises stress = 223 MPa 

Fig. 8.4: Linear static analysis with Maximum VonMises 

223Mpa 

 
Stress in mechanism = 223 MPa 

Fig. 8.5: Linear static analysis of mechanism with stress 

223Mpa 

 
Stress in frame = 168 MPa 

Fig. 8.6: Linear static analysis of frame with stress 168Mpa 

 
Max vonmises strain = 0.000921 

Fig. 8.7: Linear static analysis with maximum Vonmises 

strain of 0.000921 

 
Vonmises strain in frame = 0.00074 

Fig. 8.8: Linear static analysis of frame with Vonmises 

strain 0.00074 
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Vonmises strain in mechanism = 0.000921 

Fig. 8.9: Linear static analysis of mechanism with Vonmises 

strain 0.000921 

IX. CONCLUSION 

All the production based industries need low production cost 

and high work rate which is possible through the utilization 

of multi-purpose mechanical machine. It requires less power 

as well as less time. In an industry a considerable portion of 

investment is being made for machinery installation.  

So in this project we have developed a multipurpose 

machine which can perform operations like drilling, cutting, 

grinding which implies that industrialist have not to pay for 

machine performing above tasks individually, since this 

machine will perform different operation simultaneously. 

The machine can be used for light duty cutting and drilling 

operations of plywood also the grinding operation can be used 

to sharp the tools edges as well as to remove extra materials 

its working can be done in less floor space. Unskilled labour 

can also handle it efficiently because of this we can reduce 

the cost of production which is the most important factor in 

production industry. 

The project also includes CAD modelling and FEA 

of the proposed model and from the results of linear static 

analysis we can see the stresses, strain and displacement 

developed in the design are within the limits.  

This project is made with pre-planning, that it 

provides flexibility in operation. The project Multi-purpose 

mechanical machine using scotch yoke mechanism is 

designed with the hope that it is very much economical and 

helpful to transmit power.  

REFERENCES 

[1] M. Prathyusha, P. Mounica, Prof. Venkata Phani 

“Multiple Operating Machines (Drilling, Sawing, 

Shaping)” IJMETMR, ISSN no. 2348-4845 

[2] Sharad Shrivastava, C.B Khatri “Multi-Function 

Operating Machine: A Conceptual Model” IOSR-JMCE) 

ISSN: 2320-334X, Volume 11, Issue 3 PP 69-75. 

[3] Design and Fabrication of Hacksaw Machine Using 

Scotch Yoke Mechanism by Pankaj Vidhate, Sagar 

Vyavhare, Sandip Wagh, Vaibhav Bajaj, Ratnadeep 

Agale, Nitesh Kathar 

[4] R. Vijayakumar, A T. Ganesh kumar” Motorized 

Multipurpose Machine” International Conference on 

Latest Innovations in Applied Science, Engineering and 

Technology (ICLIASET 2017), March 2017. 

[5] Kevin Patel, Niraj Kumar Shrivastav, Prof. Surendra 

Agrawal “Design and development of a Multifunctional 

portable machine”, IJIET, ISSN 2319-1058, vol. 2 issue 

2 April 2013. 


