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Abstract 

The primary objective of this article is to develop a mathematical model of a power hacksaw operation mechanism. A 
MATLAB code was developed and implemented to run the simulation of the mechanism. The paper presents a MATLAB 
code implementation of the system using rotary to reciprocating motion to develop a mathematical model of the power 
hacksaw in a MATLAB software. The theory of rotary to reciprocating motion has been effectively used as an efficient 
approach to analyze the power hacksaw system and acceleration of the blade for two to three revolutions of the power 
hacksaw machine. 
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1. Introduction

A model is a representation of the construction and working of some system of interest, while the process of producing 
a model is referred to as modelling (Nwadinobi and Ezeaku, 2018). A model is similar to but simpler than the system it 
represents. It assists the analyst to predict the effect of changes on the system under investigation. The model remains 
a close approximation to the real system and incorporate most of its salient features. A power hacksaw is a metal cutting 
machine useful for machining various other materials including wood and plastic (Kshirsagar, 2015). It cuts away large 
sections of materials such as of steel. The cutting job based on metal has quality blades of varied teeth ranging per inch. 
Typically, the blade with more thread per inch (TPI) will cut the material smoothly. It is even so powerful to cut rightly 
in detail that it has become the most common machine for cutting operations in many workshops.  

1.1. Analysis of power hacksaw mechanism 

Models act as communicators to others by providing information and impact in changing condition. It is also used to 
mimic the behavior of systems under different operating conditions (Dhirendra, 2016a; 2017b). Examples of the range 
of objectives can be explain to in terms of developing a scientific understanding through quantitative expression of 
current knowledge of a system, test the effect of changes in a system and as well as aid decision making. 

However, modeling plays a role in understanding how the properties and performance of mechanical components and 
systems affect the overall physical system design such as power hacksaw. How well any particular objective is achieved 
depends on both the state of knowledge about a system and how well the modelling is done (Daniel and Glenn, 2008; 
Devendra, 2010; Wei, 2013). Hacksaw Machine is best for cutting large sections of metal pieces such as steel. This is 
achieved with the aid of an induction motor which is without doubt the most used electrical motor because of its unique 
characteristics (Sangeetha and Parthiban, 2014; Yashdeep, 2016). Most of its applications need fast and intelligent 
speed control system. It produces piece cutting in various materials of different thickness or diameters when handling 
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work processes. It can be used with different grade saw blades matching the proper teeth per inch available in different 
models with variable cutting capacity. Power hacksaw type makes cuts in the structural materials in diameters of more 
than 10 to15 mm which would otherwise be hard to do with a normal hand held saw. Power hacksaw works on difficult 
and time consuming tasks. It has a feature of power saver; more proficient for cutting process. Some of its mechanical 
advantages include high speed steel teeth and vibration free cutting.  

2. Material and methods 

The schematic drawing of the power hacksaw mechanism was used to model the position, velocity and the acceleration.  

 

Figure 1 Power Hacksaw 

 

Figure 2 The power hacksaw motion system 

The initial conditions for the power hacksaw machine were considered to be: 

𝑡 = 0, 𝜃 = 0, 𝜃1 = 0, 𝜃2 = 0,  

Where 

     𝑐 = 𝑡ℎ𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑎𝑛𝑘 𝑎𝑡 𝑎𝑛𝑦 𝑔𝑖𝑣𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛                                              

                       𝑏 = 𝑐𝑟𝑎𝑛𝑘      

           𝜃 = 𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑎𝑛𝑘 𝑎𝑡 𝑎𝑛𝑦 𝑔𝑖𝑣𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛                                                         

          𝑑 = 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑛𝑔 𝑟𝑜𝑑                                                                                                                    

From fig. 2         
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                𝑒1 = 𝑏𝑐𝑜𝑠𝜃                                                                                                                                                     (1) 

                     
                   𝑐 = 𝑏𝑠𝑖𝑛𝜃                                                                                                                                                     (2) 

                       

  𝑒2 = √𝑑2 − 𝑐2 = √𝑑2 − 𝑏2𝑠𝑖𝑛2𝜃                                  (3) 

The displacement of the blade (f) at any given point is  

𝑓 = 𝑒1 + 𝑒2 = 𝑏𝑐𝑜𝑠𝜃 + √𝑑2 − 𝑏2𝑠𝑖𝑛2𝜃                              (4) 

The speed of the power hacksaw is given as the derivative displacement of the blade, hence 

𝑑𝑓

𝑑𝜃
=

𝑑

𝑑𝜃
[𝑏𝑐𝑜𝑠𝜃 + √𝑑2 − 𝑏2𝑠𝑖𝑛2𝜃 ]                               (5) 

= −𝑏𝜃1𝑠𝑖𝑛𝜃 +  
𝑏2𝜃1𝑠𝑖𝑛2𝜃

2√𝑑2−𝑏2𝑠𝑖𝑛2𝜃
                                  (6) 

The velocity of the power hacksaw is given as: 

𝑥1 = −𝑏𝜃1𝑠𝑖𝑛𝜃 +  
𝑏2𝜃1𝑠𝑖𝑛2𝜃

2√𝑑2−𝑏2𝑠𝑖𝑛2𝜃
                                          (7) 

𝑤ℎ𝑒𝑟𝑒 𝜃1 = 0  

The acceleration of the power hacksaw is the derivative of equation (7), where 

𝑑𝑣

𝑑𝜃
=

𝑑

𝑑𝜃
[−𝑟𝜃1𝑠𝑖𝑛𝜃 +  

𝑏2𝜃1𝑠𝑖𝑛2𝜃

2√𝑑2−𝑏2𝑠𝑖𝑛2𝜃
]                              (8) 

=
−𝑏𝜃2𝑐𝑜𝑠𝜃+4𝑏2𝜃1𝑐𝑜𝑠𝜃2(𝑑2−𝑏2𝑠𝑖𝑛2𝜃)+√𝑏2𝜃1𝑠𝑖𝑛2𝜃

2√𝑑2−𝑏2𝑠𝑖𝑛2𝜃
                             (9) 

Hence, the acceleration is given as: 

 𝑥2 =
−𝑏𝜃2𝑐𝑜𝑠𝜃+4𝑏2𝜃1𝑐𝑜𝑠𝜃2(𝑑2−𝑏2𝑠𝑖𝑛2𝜃)+√𝑏2𝜃1𝑠𝑖𝑛2𝜃

2√𝑑2−𝑏2𝑠𝑖𝑛2𝜃
                           (10) 

𝑤ℎ𝑒𝑟𝑒 𝜃2 = 0    

3. Results and Discussions      

Matlab codes for power hacksaw for  

% Matlab code for power hacksaw simulation for one, two and three revolutions 

theta_one=400;                       % This is for revolution per minute 

b=0.24;                              % m 

d=0.50;                              % m 

time=2*pi/theta_one;                 % This is time for three revolution 

t_v =linspace (0, time, 300);        % This is the time vector 
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theta=theta_one*t_v;                 % This calculates theta at each time. 

c=b*sin(theta); 

e2s=d^2-b^2*sin(theta).^2;           % This calculates e2 square 

e2=sqrt(e2s); 

x=b*cos(theta)+e2;                   % This calculates x for each theta 

x_one= -b*theta_one*sin(theta)-(b^2*theta_one*sin(2*theta)./(2*e2)); 

x_two=-b*theta_one^2*cos(theta)-(4*b^2*theta_one^2*cos(2*theta).*... 

e2s+(b^2*sin(2*theta)*theta_one).^2)./(4*e2s.^(3/2)); 

% Plotting for power hacksaw 

subplot (2,2,1) 

plot (t_v, x)                   % This expression plots Position against time 

xlabel('Time(s)') 

ylabel('Position(m)') 

subplot (2,2,2) 

plot (t_v, x_one)               %This expression plots Velocity against time 

xlabel('Time(s)') 

ylabel('Velocity(m/s)') 

subplot (2,2,3) 

plot (t_v, x_ two)               %This expression plots Acceleration against time 

xlabel('Time(s)') 

ylabel('Acceleration(m/s^2)') 

subplot (2,2,4) 

plot (t_v, c)                    %This expression plots c against time 

xlabel('Time(s)') 

ylabel('h(m)') 
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Figure 3 Simulation Result for one revolution 

At one revolution of the hacksaw in Fig. 3. The velocity of the blade is zero at rest with a constant deceleration which is 
observed to be a slow down as the blade moves backwards, and at a point it assumes constant acceleration as the blade 
moves forward. The blade is zero at the end points (bottom dead center and top dead center) of the travel range where 
the blade changes the direction of motion. The acceleration is at maximum when the blade is at the left end and at 
minimum when the blade is at the right hand side. 

 

Figure 4 Simulation Result for two revolution 

In Fig. 4, the velocity of the blade is zero at rest with a constant deceleration and a constant acceleration as the blade 
moves backwards and forward. The blade is zero at the end points (bottom dead center and top dead center) of the 
travel range where the blade changes the direction of motion. The acceleration is at maximum when the blade is at the 
left end and at minimum when the blade is at the right hand side.  

It can be seen that changing the time from 2*pi/theta_one to 4*pi/theta_one increases the movement for two 
revolutions. 
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Figure 5 Simulation Result for three revolution 

In Fig. 5 as well, the velocity of the blade is zero at rest with a constant deceleration and a constant acceleration as the 
blade moves backwards and forward. The blade is zero at the end points (bottom dead center and top dead center) of 
the travel range where the blade changes the direction of motion. The acceleration is at maximum when the blade is at 
the left end and at minimum when the blade is at the right hand side. It can also be seen that changing the time from 
4*pi/theta_one to 6*pi/theta_one increases the movement for three revolutions.  

4. Conclusion 

MATLAB allows plotting of functions and data, implementation of algorithms, creation of user interfaces, and 
interfacing with programs written in other languages. This allows to model and simulate the dynamic nature of the 
power hack saw.  A developed mathematical model for a power hacksaw was used to generate a MATLAB code for 
implementation. The system used rotary to reciprocating motion was used to develop the model in a MATLAB software. 
The theory of rotary to reciprocating motion has been effectively used as an efficient approach to analyze the power 
hacksaw system and acceleration of the blade for two to three revolutions of the power hacksaw machine. 
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