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Abstract - With the advancements of production technologies, 
the industrial warehouses, store rooms and production houses 
are adopting more and more automation technologies for best 
product quality and accuracy and to reduce product cost. One of 
these approaches is the use of Profile cutting machine in 
industrial productions. Manufacturing practices which are 
adaptable to a range of operations will require flexibility in 
design which are efficient and are capable for handling various 
range of production capabilities. Profile gas cutting machines 
are employed for cutting various templates and where templates 
are varying. To be efficient these profile gas cutting machine 
should be capable to handle various templates without much 
changes in the arrangement of machine and should be safe with 
least consumption of energy, should be allotted least space for 
machine, resources and least intervention of human beings and 
should be economical. Improvement of cutting machine is a 
continuing pursuit. In the existing profile cutting machines 
various improvements have been proposed in the drives and its 
mechanisms. The mechanism employed in these systems can 
handle various templates to cut by programming the co-
ordinates. As these machines are costly and require trained 
professional to program the new template so that it can be cut 
by these programmable machines so these machines are yet to 
be affordable by the small scale industry. Such profile cutting 
systems have limited affordability due to high initial investment, 
salary of trained professionals to operate these machines and 
lack of adaptability to cut various templates manually. In this 
paper, an improvement of mechanism for profile cutting 
machine is proposed. This mechanism for profile cutting 
machine is based on simple four bar mechanism which is 
responsible for handling various templates to be cut. This 
profile cutting mechanism enhances the production capabilities 
of profile cutting machine by least human interventions for 
making it capable to handle various templates.  

Key words: Profile cutting machine, Adaptable, Industrial 
Automation, programmable machines. 

INTRODUCTION 

Without profile cutting, getting the right shape out of the 
metal could be difficult and time consuming. Profile 
cutting machine helps to make it easier, especially when 
making a batch or mass production work. As well as 
speeding the process, the cut is highly accurate and easy to 
carry out. 

There are various types of profile cutting machines, such as 
Portal type and Gantry type. Some use scanning systems 
which can follow and cut along a drawn line on the metal, 
whereas others require a template to cut along. 

Most machines can be customized with more cutting 
torches in order to increase the amount of work which can 
be carried out in unison. Profile cutting machines are ideal 
for smaller workshops doing a steady amount of plate 
cutting, and can be an intro to CNC plasma and water jet 
cutting etc. 

In this project a novel method to scale the shape with a 
given template or say profile is proposed. According to the 
conventional practices an CNC machines or say 
programmable machines are employed for same. These 
attachments are costly and require high skill to program 
them. Hence, a four link mechanism for the same purpose 
is designed for eliminating the requirement of high skill 
personals and costly machines.  

LITERATURE REVIEW 

In reference [1], author proposed a mechanism and its 
design to crush a stone, i.e.; stone crusher which reduces 
the size of stone up to 2.5cm*2.5cm. Two mechanism 
crank & lever mechanism and rack & sector gear 
mechanism are utilized for kinematic synthesis of stone 
crusher. Both static and dynamic force analysis are done 
graphically for the mechanism in this paper. 

In reference [2], author replaced conventional lead screw 
to a ball screw used as a mechanical linear actuator that 
translates rotational motion to linear motion with little 
friction to convert conventional cutting machine to 
automated CNC gas profile cutting machine. 

In reference [3], author had used Ultra low power 
microcontroller of MSP430 is used to design X-Y plotter 
using belt drive mechanism and timing pulley for plotting 
to achieve the x-y motion. In this paper, ultra low power 
microcontroller of MSP430 is used which consumes only 
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3.5v as input. Moreover, in several plotter design 
manufacturers use Pulse Width Modulation based driver 
circuit which has in-built timer circuit in it which makes 
the user easy. But, when the user tries to modify the timer, 
they feel difficult to modify as they wish. So, author feels 
it is better to use separate timer circuit which is available in 
microcontroller.  

In reference [4], author proposed a mechanism for sheet 
metal cutting operation in which metal sheet hold by X-Y 
movement table, movement of sheet is controlled by 
microcontroller with the help of nut lead screw and stepper 
motor according to profile co-ordinates feed manually to 
the microcontroller. 

In reference [5], a new window based application software 
was devised which takes a standard CAD file .DXF as 
input and converts it into numerical data required for the 
controller. It uses VB6 as a front end whereas MS-
ACCESS and AutoCAD as back end. The coordinates of 
drawing is extracted and send in the form of specific 
command to embedded system which controls the stepper 
motor to achieve the desired movement. Gantry type 
arrangement is made to provide X and Y motion by stepper 
motor & gas cutting torch is attached to Y arm . 

     In reference [6], in this research author investigated the 
suitability of PC-based CNC pipe cutting machine by 
simulation control of two axes. 

    In reference [7], in this research design and 
implementation of bi directional DC motor speed and 
position control system by using microcontroller to achieve 
the desired speed & desired angle in X-Y position on work 
piece. Pulse width modulation technique (PWM) is used 
which is generated using micro controller. 

In reference [8], this research proposed the design and 
analysis of 2-DOF flexure mechanism for the Nano 
positioning to have minimum cross axis motion. Improved 
compliances mechanism is used to have minimum parasitic 
motion and higher band width.  

In reference [9], This paper represents how to work on 
profile cutting machine by using PLC technique. PLC 
system has been designed to program with particular shape 
and size, the cutting machine runs according to 
programming of PLC and cuts the profile with perfection. 

In reference [10], in this paper Adaptive Robust Control 
(ARC) is applied to make resulting closed loop system 
robust to model uncertainties, instead of disturbance 
observer (DOB). Compared to DOB, the proposed ARC 
has a better tracking performance & transient in presence 

of discontinuous disturbances such as coulomb friction and 
it is of lower order. 

In reference [11], in this research for very accurate 
positioning of mechanical devices such as surgical tools, 
assembly robot, micro mechanism etc. a proposed 
controller applies narrow torque to move a mechanism to 
move a desired position. The pulse shape generated by the 
controller is computed using a fuzzy logic approximation 
of the dependence between the desired displacement & the 
torque pulse shape.  

In reference [12], As the oxygen pressure goes up, the 
diameter of the stream increases comparatively faster than 
the increase in oxygen flow. This increases the width of cut 
and provides less oxygen to oxidize the steel which results 
in loss of quality. Smaller nozzles can be used to cut 
heavier thickness with dramatic reductions in speed with 
comparatively good quality. 

In reference [13], to fulfill the demand for micro-
components in biomedical, opto-mechatronics, and 
automotive applications this thesis work proposes an 
innovative X-Y positioning table. The design arrangement 
is for minimal moment loads and measurement errors with 
the use of air bearings. And have discussed about various 
errors such as Linear Positional Error, Straightness Error, 
Angular Error, Dynamic Error, Servo Error and Thermal 
Error. Hence, the overall emphasis of this work was to 
propose ultra-precision machine tool. 

In reference [14] Output of belt drive to the eccentric shaft, 
is connected to the slider which allows to reciprocate the 
single point tool in the guide ways. This tool reciprocates 
in only vertical direction (Z). The metal sheet hold by X-Y 
movement table sheet holder, movement of sheet is 
controlled by microcontroller with the help of nut-lead 
screw and stepper motor according to the profile 
coordinates feed manually to the microcontroller. 

In reference [15], this paper presents the development of a 
low-cost controller for the 3-axis CNC plasma cutting 
machine. The developed controller is capable of digitally-
controlling the mechanical motion of the three (3) axes (X, 
Y and Z) and the plasma    generator. For the tool path 
generation and post-processing, TAP extension file format 
was used.  

In reference [16], this paper presents the position control 
algorithm for a belt driven servo mechanism of the laser 
cutting machine is described for XY table. High-accuracy 
position tracking control procedure for system with 
inherent elasticity due to the low-cost belt-driven 
servomechanism is derived based on continuous sliding 
mode technique. The proposed robust position tracking 
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control algorithm was tested by simulations and used in the 
industrial application of a motion controller for the CNC 
machine. 

OBJECTIVE OF PRESENT WORK 

There is ample scope to improve the current said 
mechanism in which the present practice utilizes high skill 
personals for programming and sophisticated costly 
machines which are the major reason why they are not yet 
acceptable by small scale industries. 

Disadvantages of current manufacturing systems employed 
for profile cutting machines: 

1. These machines are highly costly. 

2. Need highly skilled personals.  

3. Conventional cutting machines needs to reprogram to 
scale the output (object achieved after cutting). 

4. Conventional cutting machines need template or say 
profile as per the output (object achieved after 
cutting) and hence they are not adaptable to any other 
scale. 

5. Conventional models are unable to scale the template 
with scope of aligning them to certain limit. 

It is the objective to overcome above said disadvantages 
eloquently. 

The purpose of this research is to propose an automatic and 
mechanically adjustable innovative mechanism for profile 
gas cutting machine which have advance features to scale 
as well as align the output (object achieved after cutting) 
by any single template or say profile. Assuming template 
or say profile and output object (object achieved after 
cutting) in different scale with same machine by minor 
adjustment of proposed innovative mechanism. Scaled 
output object twice and thrice will be achieved with same 
machine and same template as shown in figure.  

PROPOSED MECHANISM AND SPECIFICATION 

1. Point O is the grounded frame through which magenta 
link AF is pivotally mounted. 

2. Link AD is pivoted at A with magenta link AF. 

3. Point D runs along the profile template (input given). 

4. E the magnified cutting operation is done (output result). 

5. Intermediate position of mechanism for profile 
cutting       machine follows the path of template at point D 
and magnifying twice the circular template given by point 
E.  

 

Kinematic representation of mechanism 

                    SPECIFICATIONS 

• Point O is fixed & pivoted to ground. 

• Other points (A, B, C & D) are pivoted to links. 

• Length between two points of link = 175mm 

i.e; 

      OA = AB = BF = DC = CM = 175mm 

      NB = BC = CE = 175mm 

• Dimension between 2 point of link 
(175mm*20mm*10mm) 

     ( Length*width*thickness)             

• Input circle diameter at point D = 5cm 

• Output circle diameter at point E = 10cm 

• Material Selection = Mild Steel 

• Weight of each link = 0.275 kg  

MECHANISM DESIGN AND STRESS ANALYSIS 

The complete solid modeling of mechanism is done using 
Pro-E software. There are four links shown in figure of 
different colors in which pivoted link (blue and yellow) 
read the circular template and a desired output twice in size 
is obtained by the link which is red in color. 
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Acceleration graph generated of this mechanism by the 
software at a point. 

 
At the C.G. of each link the maximum acceleration 
obtained shown in graph by using Pro-E software are 
arranged in tabular form for various calculations. 

The formula used for calculating force and stress are as 
follows; 

The servo motor rotate the link at point D around circular 
template at a rotation of 10 rpm. 

Angular velocity; 
                             ω = 2πN / 60 

= 2π*10 / 60 
= 1.047 rad/sec 

Force = mass of each link * its acceleration 

Stress = force on each link * cross sectional area 

The complete calculation by using this formula is shown in 
table below; 

Ist case : Two times scaling 

S.No Links Acceleration Forces Stress 

1 A 108mm/s² 0.118 N 84.28N/m² 

2 B 108mm/s² 0.118 N 84.28N/m² 

3 C 102mm/s² 0.084 N 8N/m² 

4 D 118mm/s² 0.032 N 9.26N/m² 
 

IInd  case : Three times scaling 

S.No. Links Acceleration Force Stress 

1 A 134mm/s² 0.1474 
N 105.286N/m² 

2 B 112mm/s² 0.1232 
N 88N/m² 

3 C 109mm/s² 0.0899 
N 8.562N/m² 

4 D 128mm/s² 0.0352 
N 10.06N/m² 

 

IIIrd case : Four times scaling 

S.No. Links Acceleration Forces Stress 

1 A 210mm/s² 0.231 
N 165N/m² 

2 B 142mm/s² 0.156 
N 111.58N/m² 

3 C 128mm/s² 0.106 
N 10N/m² 

4 D 120mm/s² 0.033 
N 9.43N/m² 

 
RESULT  OUTCOME 

Following are the scaling result achieved on simulation as 
well as on working model test performance; 

1. In first case the output providing link (BE) is set 
above the input link (AD) so, the diameter of 
output circle remains same. No scaling is obtained 
in this case. 

S.No Ratio Calculation Result 
Dimension 

1 OA/OA 175/175 No scaling 

2 OB/OA 350/175 2  Times 

3 OF/OA 525/175 3 Times 

4 OG/OA 700/175 4 Times 
 

CONCLUSION 

By using this mechanism an unskilled labor can able to cut 
a circular workpiece of various size by fixing a particular 
template. Here 5cm diameter template is fixed in this 
mechanism and  the various result output of diameter 
10cm, 20cm, 30cm is obtained 

This mechanism is applicable for gas cutting process as 
well as laser cutting process. Friction between links and 
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pin joints is an important factor which have to be consider 
during the sliding of linkage in a table. 
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