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Abstract 

 

This document describes the fundamental criteria in the design of a Cartesian 

table automated with three axes XYZ with an interchangeable head to work with 

plasma cutting and oxyfuel, as the selection of the processes implemented for its 

construction. For this the table splits into four fundamental parts; X axis, Y axis, Z 

axis and control system. It is begun by a conceptual design in which the basic 

dimensions of the table are defined and a counterfoil of selection of components is 

realized, then in a detailed design to determine the dimensions and exact 

characteristics of every component. Later, the systems and subsystems of the 

table, that generate significant effects on the structural elements, were validated 

by means of charges simulations. The elements selection was based on the 

esthetics, availability of materials and processes of manufacture of easy access on 

the market that were offering high quality to low cost. In order to conclude, with 

the detailed design in this document, it is possible to construct a table CNC with 

high precision and low cost. 

 

 

Keywords: CNC table, design, plasma cutting, oxyfuel 

 



2794                                                                                   Pedro Bulla Ramos et al.                    
 

 

1. Introduction  
 

Machine tools are a type of precision machine that, because of their particular 

performance, they are expected to be high performance and reliable machines. 

The design of an automated cutting table is a multidisciplinary project that 

involves computing, electronic and electromechanical concepts, among other 

areas. In the country, some work has been done on the design of machine tools 

[1,2], such as lathes, milling machines and cutting tables, an example of them is 

the study carried out by the Universidad Pontificia Bolivariana of Medellín, where 

an XYZ Cartesian table was developed to study the kinematics, dynamics and 

control problems associated with automated industrial equipment [3]. 

These works, although interesting, have been limited to a functional and robust 

design, without going too deeply into the key aspects associated with the work of 

a machine tool. A machine tool is a system used in the manufacture of mechanical 

components [4,5]. As a machine, its operation is associated with different types of 

operating errors, kinematic, dynamic, thermal, due to the loads applied, 

accelerations and decelerations, etc. [6, 7].  

Based on the aforementioned work, on the need for continuous improvement of 

this technology and the search for optimization of work parameters, this article 

shows the design of a CNC machine with interchangeable head and good 

precision that allows different processes to be carried out for a wide range of 

research. The machine has a study of kinematic and geometric errors to minimize 

them, and high precision, thus achieving a construction with low budget elements. 
 

2.  Methodology 
 

Different alternatives were proposed for the constituent elements of the CNC table 

shown in Figure 1; therefore, different options were evaluated starting from a 

preliminary design, passing through a conceptual one and culminating in a 

detailed design of each part, supporting the decision in a selection matrix that 

takes into account the main qualities that each part must have for an optimal 

design. 

 

2.1 Preliminary design 

The design of a machine is divided into three phases, the conceptual design is the 

firts in which the state of the art is deepened and the project is delimited, followed 

by a preliminary design in which the loads to which the machine will be subjected 

are studied, and this allows the step to the detailed design in which the constituent 

elements of the machine are selected and the processes to build it are determined 

[8, 9]. 

The critical point for the design of the structure of a Cartesian table as shown in 

Figure 1 is the moment when the Y-axis guide is in the middle of the travel 

through the X-axis, and the tool post is at the beginning or end of the travel 

through the Y-axis, i.e. at the ends of the Y-axis guide [8, 9]. Placing the 
maximum loads at this point the design equations are applied, which involve safety 
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factors, applied loads and material characteristics to determine the shape of the 

machine's constituent parts. 

The elements subjected to fatigue are the guidance and transmission system where 

elements such as pinions, racks, bearings, guides, screws, etc. are located. For 

which a long service life including preventive maintenance must be provided, in 

order to obtain high quality standards [8, 9]. The basic structure is considered a 

static element that does not present fatigue, except for the support grids that must 

be changed by the effect of the interaction with the cutting element. 

 

 

Figure 1. CNC table base design 

 

2.2 Sizing of the base table 

The dimensions of the table are 1.8 m long by 1.6 m wide. The cutting capacity is 

limited to 1.6 m long, 1.4 m wide and 0.1 m high. These dimensions are chosen so 

that it is possible to work with standard sheets of 1m x 1m and a maximum 

thickness of 10 cm, because it is expected to work in the laboratories of the 

Universidad del Atlántico as a practice for the course of manufacturing processes 

II, where larger dimensions are not necessary. The table is designed to have 

rigidity, vibration absorption and resistance to the different types of processes 

expected to be carried out on it. 

 

2.3 Detailed design 

The detailed design defines the exact dimensions of each component, in addition 

to studying the behaviour of the machine and its elements under static and 

dynamic loads expected for the work carried out by the equipment as shown in 

Figure 2.  

The detailed design of this equipment begins by selecting the material for the X, 

Y, and Z axes. Knowing their characteristics we can simulate the stresses to which 

the machine will be subjected and thus optimize the material to be used, achieving 

rigidity, safety and minimum manufacturing cost. To obtain the characteristics of 

the materials, it is supported by the material library of the SolidWorks® design  
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software, these properties are, for the ASTM A36, the ultimate strength of 400 

MPa, an elastic limito f 250 MPa and a density of 7850 kg/m3. 

For make a study loads on machine components using SolidWorks® software, the 

equipment is divided into 4 subsystems: X axis, Y axis, Z axis and base table. The 

forces expected to be subjected to each subsystem are applied while seeking to 

optimise the dimensions of each component. 

For the Z axis, this shaft is designed with A36 steel for its rigidity, weight and 

economy characteristics, with a 245N loaded tool, 3 Nm torque, 9.8 m/s2 gravity 

and assuming a 20N Z-axis motor. 

 

   

 

Figure 2. Preliminary design and application of forces 

 

The Y axis is responsible for supporting the Z axis, which holds the work tool, 

supports the tool load at a distance of 80 mm, and the weight of the X axis 

displacement motors. For the study of loads, the DCL in Figure 3 was created. 

 

 

Figure 3. Y-axis DCL. 

 

The X axis is in charge of supporting the X and Y axes. To study them, the axis is 

divided into two rails and the simulation is performed at the critical point, which 

is when the Z axis is positioned at any end of the Y axis. As for the Y-axis on the 

X-axis it was decided to use 100 mm by 100 mm square ASTM A36 steel tubes  
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with a thickness of 4 mm. For the study of loads, the MCI shown in Figure 4 is 

used, in addition, taking into account the loads to which the X-axis will be 

subjected, there will be the Y-axis gantry which is 164.4N, the Z-axis which is 

490N, the X-axis motors 74.48N and a load of the guiding system elements of 

20N. 

 
 
 

 

 

 

Figure 4. DCL and applications of forces. 

 

 

2.5 Design of the automatic control system and selection of motors 

 

A CNC system is used to control the movement of the table axes. To convert the 

commands provided to the CNC software to electrical signals to the drivers, there 

are a number of components. shows the typical configuration of the components 

of a CNC controller. The model consists of a computer with numerical control 

software, which is the communication bridge between the user and the machine, a 

control box composed of a breakout card, the motor drivers and a power supply 

[10].  

 

The electrical signal sent from the computer passes to the Breakout card and is 

distributed to the drivers of each motor, which control the 3 main axes (X, Y, Z). 

The drive system must ensure movement at the desired speed and position for 

each axis. For this, a motor must be available that is capable of assuming the 

variable load of the system (accelerations, desalerations, high speeds, low speeds). 

For this project it was decided to use stepper motors, because they have similar 

characteristics to servomotors and have a lower cost. To determine the torque 

required for the motor, the equations in Table 1 are used [11]–[13]. 
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Table 1. Equations for stepper motor torque 

 
Description Equation 

Motor RPM ( ( / )* )motor loadn v m s P i   

Required torque to 

accelerate and 

decelerate the load 

2
* *

60

motor
acel total

total

n
T J

t

   
    

  

  

Total motor inertia 
2

pin coupling load

total motor reductor

J J J
J J J

t

  
    

 

  

Load inertia 2*2
W

weight P
J

e


   

Step and efficiency / min;P rev e efficience    

Friction Torque 

2
total

preload

res

F
T

P
T

i



 
 

    

Torque due to screw 

tension 

Tpre-load = T in on screw to prevent backdown 

Total Load  
ext friction gravtyF F F F     

Gravity force and 

friction force 

* *9.81

* *Cos *9.81

gravity

friction

F Weight Sen

F Weight



 




  

Total Torque  M resis acel fT T T S    

 

3. Results and Discussion 
 

This section will show the results analyzed to obtain the appropriate design for the 

Cartesian table, completing the decision matrix for the conceptual design and a 

static analysis was performed using SolidWorks software for the detailed design 

for each of the axes (X, Y and Z) and for the base of the table. For the stress 

analysis and safety factor of Z-axis, with the design presented previously sections, 

we proceed to carry out simulations in order to optimize it. The results are 

presented below in Figure 5a and Figure 5b, where the established design a safety 

factor of 4 is obtained. An acceptable safety factor for an important part such as 

the tool post. 
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Figure 5. Numerical results in Z-axis, a) displacements, b) safety factor. 

 

With the DCL, the loads applied to the element are placed in the SolidWorks 

simulation software and the results shown in Figure 6a and 6b related to 

displacements and safety factor were obtained, so that the Y-axis design has a 

safety factor of 3.1, which confirms that the structure can support the Z-axis with 

the cutting tool without problems. 

 
Figure 6. Numerical results in Y-axis, a) displacements, b) safety factor. 
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Next, the results obtained from the simulations for the X-axis rail are presented in 

Figure 7a and Figure 7b, which conclude with a safety factor of 1.28, which is a 

good safety factor for this system, taking into account that it is being evaluated at 

the critical point. 

 

    

 

Figure 7. Numerical results in X-axis, a) displacements, b) safety factor. 

 

From Figure 8a and Figure 8b, the results of the CAD analysis are shown, where a 

safety factor of 1.8 is observed to work with a 764kg sheet. Being the weight for a 

sheet with the maximum dimensions accepted by the geometry of the table, 

guaranteeing functionality. 

 

 

 
 

Figure 8a, 8b. Base table displacement and safety factor. 
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3.1 Torque required for motor selection 

With the equations showed in Table 3, calculations are made to find the torque on 

each shaft and thus determine the motor required on each shaft to perform its 

function. For the X axis the torque was 5.6572 Nm, for the Y axis it was 2.47070 

Nm and for the Z axis it was 1.73144 Nm. 
 

4. Conclusions 
 

In this document the detailed design of an automated Cartesian XYZ table with 

interchangeable head for plasma cutting and oxyfuel cutting was developed, 

complying with the objectives set from the beginning of the project and based on 

the methodology and schedule previously established. 

For the design of the equipment, an exhaustive investigation was carried out to 

define the project and establish the needs of design required for such equipment, 

establishing the parameters of the machine for the selection of the motion systems 

to meet the objectives outlined. Once the motion systems were selected, the 

design, calculation and selection of the components that make up each system, 

such as motors, heads, belts, bearings, etc., were carried out.  

Each system was subjected to rigorous simulations emulating real loads to which 

the different components will be subjected and establishing the optimum safety 

factors that allow for the proper and lasting operation of the equipment, without 

compromising the integrity of the equipment or of any operator. 
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