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Résumé

Cette thèse présente la conception, le développement et la mise en œuvre d’un sys-
tème de contrôle de la hauteur de la torche (THC) pour les machines de découpe
plasma. L’objectif principal est d’améliorer la précision et la qualité de la découpe
en maintenant une distance constante entre la torche plasma et la pièce à usiner.
Le système utilise des capteurs pour mesurer la distance entre la torche et la pièce
et un algorithme de contrôle pour ajuster la hauteur de la torche en temps réel.
Le prototype de l’unité THC a été testé et calibré, démontrant des améliorations
significatives en termes de précision de découpe et de réduction des défauts de
matériau. Les résultats mettent en évidence l’efficacité du système pour améliorer
l’efficacité opérationnelle et les performances de découpe.

Abstract

This thesis presents the design, development, and implementation of a Torch
Height Control (THC) system for plasma cutting machines. The main goal is to im-
prove cutting precision and quality by maintaining a consistent distance between
the plasma torch and the workpiece. The system utilizes sensors to measure the
torch-to-workpiece distance and a control algorithm to adjust the torch height in
real-time. The prototype THC unit was tested and calibrated, demonstrating signif-
icant improvements in cut accuracy and reduction in material defects. The results
highlight the system’s effectiveness in enhancing operational efficiency and cutting
performance.
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General introduction

CComputer Numerical Control (CNC) plasma cutting is a versatile and ef-
ficient method for cutting a wide range of materials, from thin sheet metals

to thick steel plates. The process involves super-heating a gas with an electrical
arc, which is then forced through a tiny opening in the cutting torch to melt the
metal material, leaving behind a smooth cut surface[3].CNC plasma cutting tables
can process different types of metals in virtually any shape or profile required
by the customer, making them suitable for custom metal fabrication in various
industries[3].

One of the key components of CNC plasma cutting is the THC (Torch Height
Controller), which is used to maintain a consistent cutting torch height above the
work-piece. The THC system utilizes the arc voltage generated by the plasma cut-
ter’s output to estimate the air gap between the torch and the work-piece, ensuring
a uniform cutting torch height and facilitating precise cuts[4]. This system also
enables automated adjustments, reducing the need for manual Z height change
during the cutting process, leading to increased productivity[4]. Additionally, the
THC system helps extend the life of consumables by keeping the torch at the
correct height, preventing premature wear and reducing the lifespan of these com-
ponents.

This dissertation covers four main chapters, the contents of which are as follows:

The first chapter will discuss the issues encountered in the CNC field, specifically
focusing on the problems addressed by the torch height controller (THC). These
problems will be categorized based on their type, location, and potential solutions.
We will emphasize the significance of these issues and the outcomes they yield,
as well as their causes and level of risk. Visual examples and illustrations will be
included to illustrate some of these problems. This chapter serves as a central focus
in this memorandum’s subject matter.

The second chapter explores the comparison of various THC systems, including
standalone, integrated, and hybrid options, as well as their respective pros and
cons. It also provides examples of CNC plasma machines with THC capabilities,
such as the Centroid Acorn Plasma CNC controller, the Standalone Torch Height
Controller by Hale Design Tech, and the Hyper-therm Power-max series. The
chapter concludes with guidance on selecting the most suitable THC system based
on specific needs and budget constraints.
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General introduction

The third chapter explains the process of plasma cutting and its mechanics,
accompanied by visual aids. It also defines key terms like plasma, arc, electrode,
nozzle, and Cerf. The chapter discusses the advantages and difficulties associated
with plasma cutting, such as its speed, accuracy, versatility, cost, and safety. It
introduces the concept of a Torch Height Controller (THC) and explains its signif-
icance in plasma cutting. The chapter delves into the functioning of THC, which
involves measuring the arc voltage and adjusting the torch height accordingly.
Additionally, it explores various factors that influence the arc voltage and torch
height, such as metal deformation, uneven surfaces, changes in material thickness,
and the wearing of consumables.

The forth chapter we will explore the kind of THC employed in the project, as
well as the key elements of a THC system. We will delve into the THC controller,
the THC sensor, the actuator, and the voltage divider, examining their individual
functions and roles. Additionally, we will examine how these components interact
with one another and with the CNC machine. To aid in comprehension, diagrams
or images will be provided to illustrate the connections and signals involved.

2



Chapter I

Computer Numerical Control Plasma
Cutting
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Chapter I. Computer Numerical Control Plasma Cutting

I.1 Introduction

(Computer Numerical Control) CNC plasma cutting is a highly efficient metal
cutting process that utilizes a high-temperature plasma arc to rapidly cut through
a variety of conductive materials. The key components of a CNC plasma cutting
system include a plasma torch that generates the cutting arc, a CNC motion control
system that precisely controls the movement of the torch along programmed cut-
ting paths, and a torch height control system that automatically adjusts the height
of the torch relative to the work-piece to maintain a consistent cut quality.

The CNC plasma cutting process works by first having the CNC controller read
a digital CAD file and convert it into motion commands to control the plasma
torch. The torch is then lowered to a programmed "pierce height" above the work-
piece, the plasma arc is ignited, and the torch follows the programmed cutting
path, melting and blowing away the metal to create the desired part geometry
. The torch height controller plays a critical role in maintaining a consistent arc
voltage and cut quality throughout the cutting process.

Compared to manual cutting methods, CNC plasma cutting offers significant
advantages such as high speed and productivity, the ability to cut complex shapes
and geometries, programmable and repeatable cuts, and improved safety for oper-
ators . However, proper setup and maintenance of the torch height control system
is essential to avoid issues like inconsistent cut height, torch plunge problems, and
electrical noise interference . Understanding how to optimize and troubleshoot the
torch height control is key to getting the best performance from a CNC plasma
cutting system.

4



Chapter I. Computer Numerical Control Plasma Cutting

I.2 What is CNC Plasma Cutting

CNC plasma cutting is a versatile and efficient method of cutting various materials,
including metals and alloys. It is widely used in workshops, auto-repair shops,
steel fabricators, and large-scale CNC production facilities. The process involves
using a plasma cutter to cut thin to thick metals along a multi-axis grid, providing
an advantage over handheld plasma cutting tools due to the cut being programmed
and controlled by a computer instead of human motion

I.2.1 Overview of CNC plasma cutting technology

CNC plasma cutting is a cutting process that uses a plasma torch to melt and cut
various materials, including metals and alloys. The plasma cutter is a computer-
controlled machine that uses a computer to control and direct an accelerated jet
of hot plasma at the material being cut. CNC plasma cutting is widely used in
workshops, auto-repair shops, steel fabricators, and large-scale CNC production
facilities due to its versatility and efficiency[5].

The plasma cutter operates by forcing a gas or compressed air through a nozzle
at high speeds. An electric arc is then introduced to the gas, creating plasma or
ionized gas that can slice through metals at speeds of up to 500 inches per minute.
The motions of the plasma torch or cutter are controlled and directed by a set
of numerical codes in a program, known as the G-code, which allows for highly
accurate cuts[5].

Figure I.1 – G-Code Example
.
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This figure shows an example of the g-code instructions used to operate a CNC
plasma machine. This is a real example.

CNC plasma cutting machines are available in a range of sizes, prices, and func-
tionalities, and they are highly accurate, capable of slicing through metals at speeds
of up to 500 inches per minute. The type of gas used in plasma cutting depends
on the material being cut, with options such as oxygen, argon and hydrogen mix,
compressed air, nitrogen, and methane available. CNC plasma cutting has various
applications, including cutting sheets of metal for aerospace industry components,
creating uniquely shaped automotive parts, and cutting profiles for further pro-
cessing in fabrication, bending, rolling, and welding[6].

I.2.2 Basic principles of plasma cutting

Plasma cutting is a versatile and efficient method of cutting electrically conductive
materials, including carbon steel, stainless steel, aluminum, nickel alloys, and
titanium. The basic principles of plasma cutting involve the use of a plasma torch,
which generates a high-temperature plasma arc that melts and expels material
from the cut. The process is based on the principles of electric arc cutting, where
an electric arc is struck between an electrode (cathode) and the work-piece (anode).
The electrode is recessed in a water- or air-cooled gas nozzle, which constricts
the arc and forms a narrow, high-temperature, high-velocity plasma jet. When the
plasma jet hits the work-piece, recombination takes place, and the gas reverts to its
normal state, emitting intense heat as it does so. This heat melts the metal, and the
gas flow ejects it from the cut. Plasma gases are usually argon, argon/hydrogen,
or nitrogen, and these inert gases can be replaced by air, but this requires a special
electrode of hafnium or zirconium. The use of compressed air makes this variant
of the plasma process highly competitive with the oxy-fuel process for cutting
carbon-manganese and stainless steels up to 20mm thick. Inert gases are preferred
for high-quality cuts in reactive alloys.

The temperature of a plasma cutter can exceed 20,000°C, making it hotter than
the surface of the sun. However, the temperature can be adjusted depending on the
material being cut. For thin sheet metals, lower temperatures are used to prevent
material distortion and warping. In the case of fine detail cutting, a smaller nozzle
can be used to concentrate the plasma arc and create a higher local temperature,
allowing for intricate and precise cuts without excessive heat input. Different ma-
terials require adjusting the gas flow rate to create varying cutting temperatures,
accounting for differences in thermal conductivity and material reactions.

Plasma cutting is a versatile process that can be used for various applications,
including cutting thin sheet metal, fine detail cutting, and cutting a wide range
of electrically conductive alloys. It offers advantages such as higher productivity,
versatility, precision, and surface quality. However, it also has disadvantages, such
as the inability to cut non-conductive materials, limited thickness range, potential
for bright flashes that could impact human eyes negatively, operation noise, and
the production of fumes when cutting in air. It can also be cost-intensive due to
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low-life consumables like nozzles and electrodes

To get the best results from plasma cutting, it is essential to select the right
machine based on factors such as output power, cutting speed, input power, duty
cycle, and weight and size. Proper plasma safety procedures must be followed,
including the use of personal protective equipment, ensuring proper ventilation,
and following safe operation guidelines

I.2.3 How Plasma Cutting Works

In the plasma cutting process, instead of using mechanical cutting, heat is em-
ployed to melt the metal. To achieve this, plasma cutters utilize an electric arc that
is passed through a gas. This gas then moves through a narrow opening known
as a nozzle. As the gases pass through the restricted opening, they increase in
velocity, forming plasma. When cutting a work-piece, the plasma cutter’s cutting
tip is applied to it. Additionally, it is important to connect the work-piece to the
ground through the cutting table due to the conductivity of plasma[7].

Figure I.2 – How Plasma Cutting Works

This figure shows the components inside the torch of a CNC Plasma machine˙

Three Types of Cutting Process

• High-Frequency Contact: This form is cost-effective but cannot be used for
CNC plasma cutters because it may interfere with modern equipment due to
its high frequency. High-frequency contact cutting utilizes a high-frequency
spark and high voltage, which occurs when the plasma torch touches the
metal being cut. This contact completes the circuit, triggers the spark, and
generates the plasma for cutting.
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• Pilot Arc: During the process of cutting, a spark is generated within the
torch by a combination of a low current circuit and high voltage. This spark
then produces a pilot arc, which is a small amount of plasma. When the
plasma cutter makes contact with the work-piece, it generates the cutting arc,
allowing the machinist or operator to begin the cutting process.

• Spring Loaded Plasma Torch Head: In order to initiate a short circuit, oper-
ators apply pressure to the work-piece with the torch. Once the short circuit
is established, the current begins to move. To create the pilot arc, operators
release the pressure.

Gas Used in the Process

The choice of gas for the cutting process varies based on the cutting technique, the
material being cut, and its thickness. In addition to facilitating the creation of a
plasma jet, the gas must also aid in the removal of molten material and oxide from
the cut. Some of the frequently utilized gases for plasma cutting are:

• Argon

Argon, a non-reactive gas, maintains a steady plasma arc that is exceptionally
stable. This gas displays minimal reactivity with metals at high temperatures,
resulting in electrodes and nozzles used for argon cutting having a longer
lifespan compared to those used with other gases. However, it is important
to note that argon has limitations in cutting due to its low plasma arc and
enthalpy. Additionally, when using argon in an argon protection environ-
ment, there is a likelihood of encountering slag problems. This is primarily
attributed to the higher surface tension of molten metal in comparison to a
nitrogen environment. These challenges contribute to the infrequent use of
argon for plasma cutting.

• Nitrogen

Nitrogen gas exhibits superior stability in plasma arcs and produces a more
powerful jet of energy compared to argon, particularly when used with a
higher voltage supply. Additionally, it generates minimal slag on the lower
edges of the incision, even when cutting highly viscous metals such as
nickel-base alloy and stainless steel. Nitrogen gas can be used alone or in
conjunction with other gases, and it enables the rapid cutting of carbon steel.

• Air

Air, with its composition of 78% nitrogen and 21% oxygen, is an ideal gas
for plasma cutting. Its oxygen content makes it highly efficient for cutting
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low-carbon steel, and its widespread availability makes it a cost-effective
option.
However, there are drawbacks to using air for this process. The electrode and
nozzle used in plasma cutting tend to wear out quickly, leading to increased
costs and decreased efficiency. Additionally, using air alone can result in slag
hanging and cut oxidation, which can cause problems.

• Oxygen

Similar to air, the presence of oxygen can also enhance the efficiency of
cutting low-carbon steel. By employing high-energy plasma arc cutting and
elevating the oxygen’s temperature, its cutting speed can be further boosted.
Nevertheless, for optimal results with oxygen, it is advisable to utilize elec-
trodes that possess high-temperature and oxidation-resistant properties.

• Hydrogen

Hydrogen is frequently utilized as a supplementary gas in the blending of
plasma-cutting gases. One commonly employed mixture involves combining
hydrogen with argon, resulting in the formation of a highly potent gas for
plasma cutting.
The addition of hydrogen to argon substantially amplifies the arc voltage,
enthalpy, and cutting capacity of the argon plasma jet. Moreover, when com-
pressed by a water jet, this combination enhances the cutting efficiency.
Plasma cutting commonly involves the use of various gases. The table pro-
vided below illustrates these gases, the materials they are used to cut, and the
advantages they offer in relation to the specific material.

Materials for Plasma Cutting

Plasma cutting employs a wide array of materials owing to its ability to cut through
any conductive substance. The following are the prevailing materials employed in
this method[7].

• Aluminum: With its conductivity, aluminum lends itself well to plasma cut-
ting, which is an excellent technique for its fabrication. Additionally, plasma
cutting has the upper hand when it comes to thicker aluminum materials,
outperforming alternatives such as laser cutting. It has the capability to ef-
fortlessly slice through aluminum that is up to 160mm thick.

• Mild Steel: Mild steel, a popular form of steel, contains a low amount of car-
bon, typically no more than 2.1%. This steel type is widely utilized due to its
versatile properties that cater to various needs. Additionally, mild steel is af-
fordable and offers advantageous characteristics, including strong resistance
to impact, ease of welding, and flexibility.
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• Stainless Steel: An iron alloy called stainless steel possesses the valuable
properties of being resistant to both corrosion and rust. When it comes to
shaping this particular metal, plasma cutting emerges as an incredibly effi-
cient method, enabling the cutting thickness to extend up to 30mm.

• Brass: Plasma cutting can also be used to easily shape brass, a metal known
for its excellent conductivity. However, it is important to carry out this pro-
cess in a well-ventilated environment to avoid inhaling harmful fumes. These
fumes, which contain burning zinc, can have detrimental effects on one’s
health.

• Copper: Copper possesses superior heat and electrical conductivity compared
to non-precious materials. Key characteristics of this metal encompass re-
sistance to corrosion, exceptional malleability, and the ability to be easily
welded. These attributes, coupled with its impressive conductivity, render
copper an optimal choice for plasma cutting. Nevertheless, similar to brass, it
is imperative to ensure adequate ventilation when working with this metal.

• Cast Iron This metal is well-liked for its affordability and ability to be shaped
easily. In small amounts, it includes substances such as manganese, sulfur,
phosphorus, and silicon. Cast iron is highly conductive, has strong resistance
to compression, and a low melting point, which makes it a perfect choice for
plasma cutting.

I.2.4 History of Plasma Cutting

Plasma cutting has been around since 1957, starting as an expansion of the gas
tungsten arc welding process. Initially, it was primarily used for cutting steel and
aluminum plates that were between half an inch and six inches thick.

The plasma cutters employed during this time were unreliable and lacked the
precision found in contemporary cutters. Additionally, the electrodes and nozzles
utilized deteriorated rapidly due to the intense heat generated during the pro-
cedure. Frequent replacement of these components added to the costly nature of
plasma cutting in this era [7].

The late 1960s

During the late 1960s and early 1970s, there was a significant advancement in the
technique when engineers developed a torch that had two flows. This torch en-
hanced the durability of electrodes and nozzles, while also enhancing the accuracy
and excellence of cuts.

1970s

In the 1970s, engineers tackled the issue of fumes and smoke that arose during the
cutting process. Their solution involved the implementation of a water muffler and
table, which effectively controlled these emissions. Additionally, they developed
enhanced nozzles that allowed for more precise arcs, providing operators and
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machinists with the opportunity to make fine adjustments.

1980s

In the 1980s, engineers embarked on a journey of discovery, exploring fresh ideas
and bringing them to life. They introduced exciting innovations, such as cutting-
edge oxygen-based plasma cutters, which revolutionized the industry. These new
tools not only provided enhanced control over the cutting process by adjusting
power levels, but also prioritized convenience with their portable and ergonomic
designs.

From the 1990s to date

During the 1990s, plasma cutters with high-definition capabilities became available
thanks to the utilization of resilient oxygen methods. By incorporating a novel
nozzle system, these plasma cutters from that era were able to amplify the energy
density by four times compared to earlier periods.

Since then, engineers have concentrated their efforts on enhancing power
choices, refining controls, and maximizing efficiency. Furthermore, they have en-
hanced the accuracy of plasma cutters, resulting in contemporary models that
deliver sharper edges and precise cuts. The engineers have also made significant
advancements in terms of portability and automation, with a larger number of
handheld units now in use.

I.3 The fields of using CNC plasma cutting

CNC plasma cutting is a versatile and efficient manufacturing process that has
a wide range of applications across various industries. The fields of using CNC
plasma cutting include:

• Construction

CNC plasma cutting is used in construction projects, such as cutting metal
for building bridges, buildings, and other structures. It is particularly useful
for cutting thick and hard metals, such as steel and stainless steel, which are
commonly used in construction.

• Metalworking

CNC plasma cutting is used in metalworking shops to cut metal for various
applications, including making custom parts, repairing metal objects, and fab-
ricating metal components.
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• Automotive Restoration and Repair

CNC plasma cutting is used in the automotive industry for restoration and
repair of vintage cars, motorcycles, and other vehicles. It is particularly useful
for cutting metal body parts, such as fenders, doors, and hoods, which require
precision and accuracy.

• Manufacturing

CNC plasma cutting is used in manufacturing industries to cut metal for var-
ious applications, including making machinery parts, tools, and equipment.
It is particularly useful for cutting thick and hard metals, such as steel and
stainless steel, which are commonly used in manufacturing.

• Shipbuilding and Ship Repair

CNC plasma cutting is used in shipbuilding and ship repair industries to cut
metal for ship hulls, bulkheads, and other structural components. It is par-
ticularly useful for cutting thick and hard metals, such as steel and stainless
steel, which are commonly used in shipbuilding.

• Energy Industry

CNC plasma cutting is used in the energy industry to cut metal for wind
turbines, nuclear power plants, and other energy-related applications. It is
particularly useful for cutting thick and hard metals, such as steel and stain-
less steel, which are commonly used in the energy industry.

• Transportation Systems and Vehicle Construction

CNC plasma cutting is used in the transportation industry to cut metal for
cabin construction, trailer construction, and other transportation-related ap-
plications. It is particularly useful for cutting thick and hard metals, such as
steel and stainless steel, which are commonly used in transportation.

• Contract Cutting and Steel Trade

CNC plasma cutting is used in the contract cutting and steel trade industries
to cut metal for various applications, including separating and contour cut-
ting for different requirements. It is particularly useful for cutting thick and
hard metals, such as steel and stainless steel, which are commonly used in
contract cutting and steel trade.
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• Mechanical Engineering

CNC plasma cutting is used in mechanical engineering to cut metal for var-
ious applications, including cutting individual components for component
groups. It is particularly useful for cutting thick and hard metals, such as
steel and stainless steel, which are commonly used in mechanical engineering.

• Plant and Container Construction, Ventilation Construction

CNC plasma cutting is used in plant and container construction, ventilation
construction to cut metal for pipe processing, pressure vessels, and contour
and bevel cutting in containers. It is particularly useful for cutting thick and
hard metals, such as steel and stainless steel, which are commonly used in
plant and container construction, ventilation construction.

• Metalworking and Heavy Industry

CNC plasma cutting is used in metalworking and heavy industry to cut metal
for pipeline construction, crane construction, and repair of graders and com-
mercial vehicles. It is particularly useful for cutting thick and hard metals,
such as steel and stainless steel, which are commonly used in metalworking
and heavy industry.

• HVAC Industry

CNC plasma cutting is used in the HVAC industry to cut metal for ductwork
and other HVAC-related applications. It is particularly useful for cutting thick
and hard metals, such as steel and stainless steel, which are commonly used
in HVAC.

• Decorative Metalwork

CNC plasma cutting is used in decorative metalwork to create decorative
metal products, such as commercial and residential signage, wall art, address
signs, and outdoor garden art. It is particularly useful for cutting thin and
delicate metals, such as aluminum and copper, which are commonly used in
decorative metalwork.

• Scrap Metal Recycling

CNC plasma cutting is used in scrap metal recycling to cut metal for recy-
cling purposes. It is particularly useful for cutting thick and hard metals, such
as steel and stainless steel, which are commonly used in scrap metal recycling.
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I.4 CNC plasma field in Algeria

The CNC plasma field in Algeria is a rapidly growing industry, driven by the coun-
try’s increasing demand for precision cutting and fabrication services. Algeria’s
industrial sector, particularly in the construction, automotive, and manufacturing
industries, requires high-quality cutting and fabrication services to meet the de-
mands of modern production.

I.4.1 Applications

The CNC plasma field in Algeria has a wide range of applications across various
industries. The technology is used in construction, automotive, manufacturing, and
other sectors where precision cutting and fabrication are required. The applications
of CNC plasma cutting in Algeria include cutting steel, aluminum, brass, copper,
and other metals for various industrial purposes.

I.4.2 Government Support

The Algerian government has recognized the importance of the CNC plasma
field in the country’s industrial development. The government has implemented
policies and programs to support the growth of the industry, including providing
incentives for companies to invest in CNC plasma cutting technology.

I.4.3 Challenges

One of the main challenges in the CNC plasma field in Algeria is the need for reli-
able and efficient plasma cutting systems. The country’s industrial sector requires
high-quality cutting and fabrication services to meet the demands of modern
production. However, the availability and quality of plasma cutting systems can be
a challenge, particularly for small and medium-sized enterprises.

I.5 overview of the problems that THC solves

The world of CNC plasma cutting is a complex and intricate domain that is fraught
with numerous challenges. The process of plasma cutting involves using a high-
temperature torch to cut through various types of metals, and this torch is the
center of most of the challenges that arise during plasma cutting. Fortunately, THC
(Torch Height Control) offers viable solutions to most of these issues,Some of the
key issues it addresses include:
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I.5.1 Inconsistent cut quality:

Without proper control of the torch height, the cutting process can result in in-
consistent cut quality, leading to reduced accuracy and increased costs due to
premature consumable wear.

I.5.2 Reduced productivity:

Manual adjustment of the torch height during the cutting process can be time-
consuming and inefficient, leading to reduced productivity.

I.5.3 Increased safety risks:

Improper torch height control can cause collisions between the torch and the
work-piece, posing safety risks to operators and potentially damaging the torch
and work-piece.

I.5.4 Premature consumable wear:

Inconsistent torch height can lead to premature wear of consumables, such as
electrodes and nozzles, resulting in increased costs and downtime for replacement.

I.5.5 Inconsistent cut quality

The success of a plasma cutting process depends heavily on controlling the height
of the torch. The torch height is the distance between the plasma torch and the
work-piece. If the torch is too high or too low, it can lead to inconsistent cut quality,
resulting in less accuracy and higher costs due to consumable wear.

When the torch is too high, the plasma arc lacks the energy to penetrate the
work-piece, resulting in a shallow cut that may not meet specifications. Conversely,
if the torch is too low, the plasma arc has too much energy, causing excessive
melting and dross formation. This affects the cut quality and increases the time
and cost required for post-cutting operations.

Therefore, it is crucial to maintain the correct torch height throughout the
cutting process. This can be achieved by using a torch height control system that
automatically adjusts the torch height based on the material thickness and other
cutting parameters.

To summarize, it is essential to have precise control over the height of the
torch in order to achieve plasma cuts that meet the necessary specifications. By
effectively managing the torch height through the use of a control system, you
can enhance the precision of your cuts, minimize the wear on consumables, and
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decrease overall cutting expenses.

I.5.6 The place of Inconsistent cut quality

Consistent cut quality is in the material cutted ,It is characterized by different
shapes and different types, and we will see those types:

Figure I.3 – kerf-width.
’

This figure shows the void is left behind which is called The Kerf in the material
being cut.

I.5.7 The kerf width

Kerf is the width of material that is removed by a cutting process. In the context
of CNC plasma cutting, the kerf width refers to the width of the material that is
removed by the plasma arc during the cutting process.

The kerf width can vary depending on the cutting process, the material being
cut, and the specific settings used. For example, laser cutting typically has a kerf
width of around 0.3mm, while plasma cutting has a kerf width of around 3.8mm .

The kerf width is an important factor to consider when designing and cutting
parts, as it can affect the dimensions and fit of the final product.[8].
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I.5.8 Bevel Angle

In a perfect scenario, the bevel angle or the angle of the cut surface would be
completely perpendicular. However, when using plasma cutting, a slight angle
called a Bevel Angle is present on both the cut and scrap sides of the material
being worked on. This is why the direction of the cut is significant.[9]

As the plasma gas exits the cutting tip’s opening, it creates a swirling motion.
This rotational movement typically occurs in a clockwise direction, causing one
side of the material being cut to have a more square shape than the other.

Excessive voltage settings lead to uneven material removal within the kerf,
resulting in greater material loss from the top compared to the bottom. Conse-
quently, this leads to an excess of rounding at the top and a positive bevel.[10]

Figure I.4 – High-Cut
’

This figure shows the PCB schema we created to print the circuit of the THC.
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If the voltage is set too low, excessive material will be removed from the plate’s
bottom, leading to undercutting or a negative bevel.

Figure I.5 – Low-Cut
’

This figure shows when the torch is low and how this poses cutting problems.

Top Edge Rounding

Is when the top edge of the cut face has eroded away and is not square which is
created from the plasma cutting process. It is generally caused when cutting with
excessive current or standoff distance.

This can be a common occurrence when cutting thickness materials.

This is an example for bad Top Edge Rounding :

Cutting or Torch Angle

Generally when cutting with a plasma torch, the torch should be held perpendicu-
lar to the piece being cut. For mechanically mounted torches, a square can be used
to insure that the torch is perpendicular to the plate.

The height of the torch and the curvature of the material directly affect the
cutting angle.
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Figure I.6 – Cutting Angle
’

We see in this picture the cutting angle, Cutting angle in plasma cutting refers
to the angle at which the plasma arc is directed onto the material being cut.

Dross

Dross is one of the biggest problems that worries workers in the field of CNC
plasma-laser. Removing the dross is very difficult and sometimes impossible.

Incorrect cutting parameters, such as speed, amperage, arc voltage, gas pres-
sure/flow, and gas type, can lead to the formation of dross at the plate’s bottom.
This occurs when these parameters are not suitable for the metal type and thick-
ness being cut.

The primary cause of excessive dross is often the use of incorrect cutting speeds.
When cutting speeds are set too high, it can lead to the formation of stubborn dross
that is difficult to eliminate without resorting to grinding.

Getting rid of "low speed dross" is a aded task that can be accomplished with
either a brush or a chip hammer, and it takes a lot of time.
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(a) Shape 1 (b) Shape 2

Figure I.7 – The Dross shape
’

In these tow shapes show the dross shape in CNC plasma cutting refers to the
excess material that forms on the edges of the cut metal.

I.5.9 Premature consumable wear

Premature consumable wear in CNC plasma cutting is a common issue that can
negatively impact the performance and efficiency of the cutting process. Consum-
ables, such as electrodes, nozzles, and shielding gas, play a crucial role in the
plasma cutting process. Regular maintenance and proper use of consumables are
essential to ensure their longevity and optimal performance.

Figure I.8 – Plasma Cutter Consumables
’

These are plasma cutter consumables are essential components of a plasma
cutting torch that are designed to wear out over time due to the excessive heat and
debris generated during the cutting process.
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To minimize premature consumable wear in CNC plasma cutting, it is essential
to:

Follow Manufacturer Guidelines

When it comes to using any kind of equipment or machinery, it is always important
to adhere to the manufacturer’s guidelines. This is especially true when it comes
to consumables, which are the materials and supplies that are used up during the
operation of the equipment. Consumables can include items such as ink cartridges,
toner cartridges, paper, and other supplies that are specific to the machine or device
being used.

Regular Inspection and Cleaning

Inspecting and cleaning consumables regularly is essential to maintain optimal
performance and prolong the lifespan of plasma cutting equipment. Accumulated
debris on consumables, such as nozzles, electrodes, and shields, can lead to de-
creased cutting efficiency, increased wear on components, and reduced overall
performance. By regularly inspecting and cleaning consumables, operators can
prevent issues like nozzle clogging, uneven cuts, and premature wear of consum-
able parts. This maintenance routine not only ensures consistent cutting quality
but also minimizes downtime for cleaning or replacing parts, ultimately improving
productivity and extending the longevity of the plasma cutting system. Regular
maintenance of consumables is a proactive approach that helps to uphold the
efficiency and effectiveness of the plasma cutting process, resulting in cost savings
and enhanced operational performance over time.

Proper Storage

Storing consumables in a dry, clean environment is crucial to prevent contamina-
tion and premature wear. Contaminants in the air supply, such as compressor oil,
water, or particulate matter, can cause the plasma arc to become unstable and burn
hotter, leading to rapid wear of consumables and poor cut quality. This can also
contaminate the torch lead assembly, further reducing the lifespan of the torch and
affecting its performance.
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I.6 Conclusion

The advancement of technology has revolutionized the manufacturing industry,
particularly in the field of CNC plasma cutting. One of the most significant tech-
nological advancements that have had a positive impact on this industry is the
torch height controller (THC). This technology has significantly improved the
consistency of cut quality, consumable life, productivity, and operator safety.

The THC technology has been designed to automate the torch height ad-
justment process, which is a crucial aspect of CNC plasma cutting. Prior to the
introduction of this technology, the torch height was manually adjusted by the
operator, which was a time-consuming and tedious process. However, with the
THC technology, the height of the torch is automatically adjusted to maintain a
consistent distance from the material being cut. This consistency ensures that the
quality of the cut remains the same throughout the process.

Moreover, the THC technology also helps to improve the efficiency of the cut-
ting process. By automating the torch height adjustment process, the operator can
focus on other aspects of the cutting process, such as feed rate, amperage, and gas
flow. This allows for a more efficient and streamlined process, which results in
increased productivity.

Another significant benefit of THC technology is that it ensures a safer working
environment for operators. The technology eliminates the need for the operator to
be in close proximity to the cutting process, reducing the risk of injury. Addition-
ally, the THC technology also helps to reduce the risk of damage to the equipment,
which can be costly to repair.

In conclusion, the torch height controller is a valuable technology that has sig-
nificantly improved the CNC plasma cutting process. Its ability to automate the
torch height adjustment process has resulted in increased consistency of cut qual-
ity, improved efficiency, and a safer working environment for operators. As tech-
nology continues to advance, we can expect to see further improvements in the
CNC plasma cutting industry, with THC technology being at the forefront of these
advancements.
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II.1 Introduction

CNC plasma cutting is a cutting technology that has revolutionized the way
electrically conductive materials are processed. This innovative process uses a
computer-controlled plasma torch to cut through various materials, including
steel, aluminum, brass, and copper, with high precision and speed. One of the key
components of CNC plasma cutting is the Torch Height Control (THC) system,
which ensures accurate and consistent cutting heights.

In this article, we will delve into the world of CNC plasma cutting and THC,
discussing the basics of plasma cutting, the importance of THC, and its role in
maintaining precise cutting heights. We will also explore the advantages of using
CNC plasma cutting with THC, compare it to other cutting methods, and discuss
its applications across various industries.

CNC plasma cutting is a versatile technology that can cut through materials
with high accuracy and speed, making it an essential tool for fabrication, welding,
automotive manufacturing, and construction. By understanding the principles
behind CNC plasma cutting and THC, we can appreciate the benefits and potential
of this cutting-edge technology.

Stay tuned as we explore the fascinating world of CNC plasma cutting with
THC and uncover its applications, advantages, and the science behind its operation.
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II.2 How THC Works in CNC Plasma Cutting

II.2.1 Importance of THC in maintaining cutting height

The Torch Height Controller (THC) is an essential component in CNC plasma cut-
ting systems. It is designed to maintain the correct torch height above the material
being cut, ensuring accurate and efficient cutting. The THC works by analyzing
voltage changes in the plasma arc and making determinations to raise or lower the
torch based on the strength of the voltage signal as we are going to see next.

II.3 Exploring the Key Components of Torch Height Con-
trol Systems in Plasma Cutting

Torch height control is a critical component in the process of plasma cutting. It
plays a crucial role in ensuring that the distance between the plasma torch and the
metal work-piece is maintained at an optimal level throughout the cutting process.
The components that make up a torch height control system include an Arc Voltage
Height Controller (AVHC) or Torch Height Controller, a control console, a torch
lifter motor, and a voltage dividing board.

The AVHC is responsible for monitoring and dividing the voltage signal that is
received from the power supply. It then sends a usable signal to the control console,
which receives input from the operator and voltage dividing board. The control
console processes the information it receives and sends output commands to the
torch lifter motor. The motor then adjusts the torch height based on the received
signals. By working together, these components ensure that the torch-to- work
distance is consistent and precise, which leads to improved cut quality, correct kerf
width, and the prevention of premature consumable failure in industrial cutting
applications.

The importance of maintaining a consistent and precise torch-to-work distance
cannot be overstated. Inaccurate torch height can lead to a host of problems, in-
cluding poor cut quality, irregular kerf width, and premature consumable failure.
These problems can cause delays in production, increased costs, and decreased
efficiency. By utilizing a torch height control system, these issues can be avoided,
and the cutting process can be performed with greater accuracy and efficiency.

In addition to its benefits in industrial cutting applications, torch height control
is also an essential component in the field of CNC plasma cutting. CNC (Com-
puter Numerical Control) plasma cutting utilizes computer software to control
the cutting process, allowing for greater precision and accuracy. Torch height
control is a vital part of this process since it ensures that the torch-to-work dis-
tance is maintained at a consistent and precise level throughout the cutting process.

Overall, torch height control is a critical component in the process of plasma
cutting. By maintaining a consistent and precise torch-to-work distance, it ensures
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that the cutting process is performed with greater accuracy and efficiency, lead-
ing to improved cut quality, correct kerf width, and the prevention of premature
consumable failure. Whether in industrial cutting applications or CNC plasma
cutting, torch height control is an essential tool for those seeking to achieve greater
precision and accuracy in their cutting processes[11].

II.3.1 Components of Torch Height Control

1-The Height Sensor is an essential component of plasma cutting machines that
enables precise and accurate cutting of materials. It comprises four types of sensors
that work together to measure the distance between the torch and the work-piece.
These sensors include the Capacitive Sensor, Arc Voltage Sensor, Mechanical Con-
tact Sensor, and the Optical Sensor. The Capacitive Sensor is one of the most
common sensors used in plasma cutting machines. It works by measuring the
capacitance between the torch and the work-piece to determine the distance. This
type of sensor is highly accurate and can detect even the slightest changes in
distance. The Arc Voltage Sensor is another type of sensor used in plasma cutting
machines. It observes the plasma arc voltage and detects any changes in distance
between the torch and the work-piece. This sensor is highly sensitive and can
detect even the smallest changes in distance, making it ideal for precision cutting.
The Mechanical Contact Sensor is a sensor that physically touches the work-piece
to determine the distance. It is commonly used in plasma cutting machines that
cut thick materials such as steel. This sensor provides accurate measurements and
is highly reliable. The Optical Sensor is the latest addition to the Height Sensor
family. It uses light to measure the distance between the torch and the work-piece.
This sensor is highly accurate and can detect even the smallest changes in distance.
It is ideal for cutting materials that require high precision.

Figure II.1 – Neuron THC Main Module
.
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This figure shows a properties panel for one type of THC,Neuron THC Main
Module.

In conclusion, the Height Sensor is an essential component of plasma cutting
machines that enables precise and accurate cutting of materials. The four types of
sensors that make up the Height Sensor work together to provide accurate mea-
surements and ensure that the plasma cutter cuts the material to the desired shape
and size. Choosing the right sensor for your plasma cutting machine is essential to
achieving accurate and precise cuts.

2-The controller is an essential component in the operation of a plasma cutter.
It plays a crucial role in processing signals from the height sensor to calculate
the necessary adjustments required in the cutting process. Typically, the con-
troller includes a microcontroller or a dedicated THC control board to execute
the necessary calculations and adjustments to the plasma cutter’s operation. One
of the advantages of the controller is its adjustable parameters, which make it
easy for operators to fine-tune the cutting process to meet their specific needs.
The pierce height, cut height, and sensitivity settings are some of the adjustable
parameters that the controller offers. The pierce height setting determines the
distance between the torch and the work-piece before firing the arc, while the cut
height setting controls the distance between the torch and the work-piece during
the cutting process. The sensitivity setting, on the other hand, determines the
controller’s responsiveness to changes in the work-piece’s surface, ensuring that
the plasma cutter maintains a consistent cut quality. The adjustable parameters
of the controller make it possible to customize the plasma cutter’s performance
to meet the unique requirements of different cutting applications. For instance,
when cutting thin materials, the operator can set the pierce height low to avoid
piercing through the work-piece, while the cut height can be set high to ensure
that the torch does not touch the work-piece, resulting in a clean cut. Similarly,
when cutting thick materials, the pierce height can be set high to allow the torch
to penetrate the material, while the cut height can be set low to ensure that the
torch remains in close proximity to the work-piece, resulting in a more efficient cut.

In conclusion, the controller is a vital component in the operation of a plasma
cutter, providing essential adjustments required to achieve optimal cutting perfor-
mance. Its adjustable parameters, such as pierce height, cut height, and sensitivity
settings, make it easy for operators to customize the plasma cutter’s performance
to meet the requirements of various cutting applications.

3-The motorized torch height adjustment mechanism is an essential component
of any CNC plasma cutting system. It is responsible for adjusting the height of
the torch during the cutting process to maintain a consistent distance between the
torch and the work-piece. This ensures that the plasma arc remains stable and that
the cutting quality is consistent throughout the entire process. There are several
types of motors that can be used in torch height adjustment mechanisms, including
stepper motors, servo motors, and pneumatic actuators. Each type of motor has
its own advantages and disadvantages, and the choice of motor will depend on
the specific requirements of the cutting application. The torch height adjustment
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mechanism is controlled by the THC (Torch Height Control) controller, which
monitors the height of the torch and adjusts it as necessary to maintain the correct
distance from the work-piece. The THC controller uses feedback from sensors on
the cutting head to determine the height of the torch and adjust it accordingly. One
of the most important features of a motorized torch height adjustment mechanism
is dynamic height control. This feature allows the system to continuously adjust
the height of the torch during cutting to accommodate irregularities in the work-
piece surface. This ensures that the torch remains at the correct distance from the
work-piece at all times, even if the surface is not perfectly flat.

Overall, the motorized torch height adjustment mechanism is a critical com-
ponent of any CNC plasma cutting system. It ensures that the cutting quality is
consistent and that the plasma arc remains stable throughout the entire cutting
process. With the right choice of motor and the inclusion of dynamic height con-
trol, this mechanism can help to improve the efficiency and accuracy of plasma
cutting operations.

4-The power supply is an integral component of the THC system, responsible
for providing electrical power to all the other components. It is the backbone of
the system, ensuring that all other parts function seamlessly and consistently.
Without a reliable power supply, the entire system would falter and fail to deliver
the desired performance. The power supply plays a critical role in maintaining
stable operation and consistent performance of the THC system. It delivers a
steady flow of electricity to the various components, preventing any fluctuations
or disruptions that could affect the system’s performance. This ensures that the
THC system functions optimally and delivers accurate and reliable results. The
power supply is designed to be efficient and dependable, capable of handling
the demands of the THC system without any issues. It is engineered to provide
the necessary voltage and current required by the other components, ensuring
that they operate within their specified limits. This helps to extend the lifespan
of the other components, as they are not subjected to fluctuating or unstable power.

In summary, the power supply is a crucial component of the THC system,
providing the necessary electrical power to ensure stable operation and consistent
performance. It is an essential part of the system’s infrastructure, and its reliability
and efficiency are critical to the overall performance of the THC system.

5-The software interface is an essential aspect of modern cutting machines that
allows operators to input various cutting parameters. These parameters include
material type, thickness, and desired cut quality. By inputting these parameters,
the software interface provides the necessary guidelines for the cutting machine to
execute the cutting process accurately. Moreover, the software interface provides
real-time monitoring of the cutting progress. This feature enables operators to
keep track of the cutting process and make any necessary adjustments to ensure
the desired cut quality is achieved. The real-time monitoring feature also helps
operators to identify any potential problems that may arise during the cutting
process, allowing them to take corrective action quickly. The software interface
also enables adjustment of THC (torch height control) settings during operation,
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if necessary. This feature ensures that the torch is at the optimal height during the
cutting process, which is critical for achieving the desired cut quality. The ability to
adjust THC settings during operation provides operators with greater control over
the cutting process, resulting in improved cut quality and increased efficiency.

In conclusion, the software interface is a vital component of modern cutting
machines, providing operators with the necessary tools to input cutting parameters
accurately, monitor cutting progress in real-time, and adjust THC settings during
operation. These features ensure that cutting processes are executed accurately and
efficiently, resulting in high-quality cuts and increased productivity[10].

6-When it comes to cutting machines, the importance of mounting hardware
cannot be overstated. These crucial components are tasked with securely attach-
ing various brackets, mounts, and fixtures to the cutting machine, ensuring that all
components remain in place and function properly. One of the primary benefits of
mounting hardware is that it helps to maintain stability and accuracy of the height
control system. This is especially important in situations where precision cuts are
required, as even the slightest deviation can result in a finished product that falls
short of expectations. By using high-quality mounting hardware, manufacturers
can rest assured that their cutting machines will perform at their best, delivering
consistent, high-quality results time and time again. Another key benefit of mount-
ing hardware is that it can help to extend the lifespan of the cutting machine. By
providing a secure foundation for all components, the machine is less likely to suf-
fer from wear and tear over time, which in turn can reduce maintenance costs and
prolong the machine’s overall lifespan. This is particularly important in industries
where cutting machines are heavily used, such as manufacturing and construction,
where downtime can be costly and disruptive.

Ultimately, the importance of mounting hardware cannot be overstated when
it comes to cutting machines. By investing in high-quality components, manufac-
turers can ensure that their machines operate at their best, delivering consistent,
accurate results that meet or exceed their customers expectations. From ensuring
stability and accuracy to extending the lifespan of the machine, mounting hard-
ware is an essential component of any cutting machine, and one that should not
be overlooked.

7-One of the most important considerations when operating any machinery
is safety. As such, modern CNC plasma cutting machines have several safety
features built into them to protect both the operator and the equipment. One
such feature is the limit switch. This switch is designed to prevent over-travel of
the torch height adjustment mechanism. This is important because if the torch
height adjustment mechanism is allowed to travel too far, it can damage both the
torch and the work-piece. The limit switch ensures that this does not happen,
by stopping the mechanism before it can overt-ravel. Another important safety
feature is the collision detection sensor. This sensor is designed to stop the cutting
operation if the torch encounters an obstacle. This can happen if the work-piece
shifts unexpectedly, or if there is some other obstruction in the way of the torch.
If the machine were allowed to continue cutting in this situation, it could cause
significant damage to the equipment. The collision detection sensor prevents this
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from happening by stopping the cutting operation immediately.

Finally, there are emergency stop buttons located on the machine. These but-
tons allow operators to quickly stop the machine operation in case of emergencies.
This could include situations where the operator becomes injured or where the
machine is malfunctioning in some way. By pressing the emergency stop button,
the machine is immediately shut down, preventing any further damage or injury.

Overall, these safety features are essential for ensuring that CNC plasma cutting
machines are safe to use. They help to protect both the operator and the equipment,
and they are an important consideration when choosing which machine to use for
your cutting needs.

II.3.2 Conclusion

Plasma cutting has become one of the most common cutting methods used in
industrial manufacturing, and its popularity is increasing day by day due to the
numerous benefits it offers. With its exceptional cutting precision, speed, and
versatility, plasma cutting has become an indispensable technology in various in-
dustries, including the automotive, aerospace, and construction sectors. However,
achieving optimal performance from plasma cutting machines requires a deep un-
derstanding of torch height control (THC) systems. These systems are responsible
for maintaining a consistent distance between the plasma torch and the work-piece,
which is essential for achieving accurate and clean cuts. THC systems consist of
several components, including height sensors and motorized adjustment mecha-
nisms, which work together to ensure that the plasma torch remains at the optimal
distance from the work-piece. To achieve maximum efficiency and accuracy in
plasma cutting, operators must understand the intricacies of THC technology. By
mastering the THC system, operators can optimize cutting parameters, improve cut
quality, and streamline the production process. THC systems empower operators
to fully unleash the potential of their cutting machines, resulting in unmatched
precision and productivity. In addition to understanding THC systems, operators
must also be familiar with the various types of plasma cutting machines available
on the market. Plasma cutting machines come in different sizes, power ratings,
and configurations, and each has unique capabilities and limitations. By selecting
the right machine for the job, operators can ensure that they achieve the desired
results efficiently and effectively.

In conclusion, mastering the THC system and selecting the right plasma cutting
machine are essential for achieving optimal performance in plasma cutting. With
the right tools and techniques, operators can take advantage of the numerous
benefits offered by this powerful technology and stay ahead of the competition. As
the field of plasma cutting continues to evolve, it is essential to stay up-to-date with
the latest advancements and innovations to remain competitive and successful in
the industry.
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II.4 Heightening Efficiency: The Functionality of Torch

Height Control in Cutting

Torch height control (THC) stands as a cornerstone technology in the realm of
plasma cutting, offering a dynamic solution to the challenge of maintaining opti-
mal torch-to-work-piece distance throughout the cutting process. In the world of
metal fabrication, precision is paramount, and THC systems play a pivotal role
in achieving consistent, high-quality cuts across a variety of materials and thick-
nesses. Understanding the intricate functionality and operation of THC is essential
for operators looking to harness the full potential of their cutting machines and
optimize cutting efficiency. This chapter explores the components, functionality,
and operation of torch height control during the cutting process, delving into the
mechanisms that enable precise height adjustments, minimize cut defects, and en-
hance overall cutting quality. From initial piercing to final cut, THC systems stand
as a beacon of innovation, driving advancements in plasma cutting technology and
empowering manufacturers to achieve unparalleled levels of precision and produc-
tivity. Join us on a journey into the heart of torch height control, where precision
meets performance, and every cut tells a story of innovation and excellence.

II.4.1 The Functionality of Torch Height Control in Cutting[1],[2]

1-When it comes to plasma cutting, one of the most important settings that needs
to be considered is the initial piercing height. This setting ultimately determines
the distance between the plasma torch and the work-piece at the very beginning
of the cutting process. The initial piercing height is a critical setting as it greatly
affects the quality of the initial cut, which subsequently impacts the rest of the
cutting process. If the initial piercing height is set too high, it can lead to a poor
quality cut that may be jagged or uneven. This can lead to further issues down
the line as the plasma torch struggles to maintain a consistent distance from the
work-piece. On the other hand, if the initial piercing height is set too low, the torch
may drag across the surface of the work-piece, causing damage to the material and
potentially the torch itself. Therefore, it is essential to set the initial piercing height
correctly for a successful plasma cutting process. This is especially important when
working with more delicate materials or intricate designs. A skilled operator will
take the time to properly set the initial piercing height to ensure that the cutting
process runs smoothly and efficiently.

In conclusion, the initial piercing height is a critical setting in plasma cutting,
and should not be overlooked. Properly setting this height can greatly impact the
quality of the initial cut, and can ultimately determine the success of the entire
cutting process. Taking the time to ensure that this setting is correct can save time,
money, and frustration in the long run.

2- Arc Voltage Feedback is a crucial aspect of plasma cutting technology that
enables the system to maintain a consistent and accurate cut. This feature involves
the continuous monitoring of the arc voltage, which is the voltage generated by the
plasma arc as it cuts through the metal. The arc voltage is directly related to the
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distance between the torch and the work-piece, which means that changes in the
voltage can indicate a change in the distance between the torch and the work-piece.
The system uses this feedback to adjust the torch height accordingly, ensuring that
the distance between the torch and the work-piece remains constant throughout
the cutting process. This is essential because any deviation in the torch height
can result in uneven cuts and a loss of precision. With the arc voltage feedback
system in place, the plasma cutter can make automatic adjustments to the torch
height, ensuring a precise and consistent cut every time. Moreover, the arc voltage
feedback system is particularly useful in cutting thicker materials. As the thickness
of the metal increases, the arc voltage also increases, making it more challenging to
maintain a consistent cut. However, with the feedback system in place, the plasma
cutter can adjust the torch height to compensate for the increased voltage, ensuring
that the cut remains accurate and precise.

In summary, the arc voltage feedback system is a critical component of plasma
cutting technology that enables the system to maintain a consistent and accurate
cut. By continuously monitoring the arc voltage and adjusting the torch height ac-
cordingly, the plasma cutter can ensure that the distance between the torch and the
work-piece remains constant, resulting in a precise and high-quality cut every time.

3-When it comes to plasma cutting, torch height adjustment plays a crucial
role in ensuring a precise and efficient cut. The torch height must be maintained
at an optimal distance from the work-piece to prevent any damage to the plasma
torch and to ensure that the cut is accurate and clean. This is where the torch
height adjustment system comes into play. The torch height adjustment system
uses arc voltage feedback to maintain the optimal distance between the torch and
the work-piece. The arc voltage is the electrical voltage that is generated between
the torch and the work-piece during the plasma cutting process. This voltage is
monitored by the system and used to adjust the torch height accordingly. The
adjustment is typically done through a motorized torch lifter that moves the torch
up or down to achieve the desired distance. The motorized torch lifter is controlled
by the system and is designed to make precise adjustments to the torch height.
This ensures that the torch is always at the optimal distance from the work-piece,
regardless of any variations in the material or cutting conditions. The benefits
of using a torch height adjustment system are numerous. First and foremost, it
ensures that the cut is precise and accurate, which is essential for any application
where tolerances are critical. Additionally, it helps to extend the life of the plasma
torch by preventing any damage that could be caused by improper torch height.
Finally, it helps to increase efficiency by reducing the amount of time required for
setup and adjustment.

In conclusion, the torch height adjustment system is a critical component of any
plasma cutting system. It ensures that the torch is always at the optimal distance
from the work-piece, which is essential for achieving precise and accurate cuts.
By using arc voltage feedback and a motorized torch lifter, the system is able to
make precise adjustments to the torch height, which helps to increase efficiency
and extend the life of the plasma torch.
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4- One of the most important aspects of plasma cutting is maintaining a consis-
tent arc voltage to ensure precise, high-quality cuts. To achieve this, many modern
plasma cutting systems are equipped with automatic height control technology.
This innovative feature constantly monitors the arc voltage and makes real-time
adjustments to the torch height to maintain the optimal distance between the torch
and the work-piece. The benefits of automatic height control are numerous. First
and foremost, it ensures that the plasma arc remains stable throughout the cutting
process. This stability is essential for producing accurate cuts with minimal distor-
tion or warping. Additionally, by maintaining a consistent distance between the
torch and the work-piece, automatic height control helps to prevent tip-ups and
other cutting errors that can compromise the quality of the final product. Another
advantage of automatic height control is that it allows for greater flexibility in cut-
ting a wide range of materials. By automatically adjusting the torch height based
on the arc voltage, the system can accommodate variations in material thickness
and conductive properties. This means that operators can achieve high-quality
cuts on everything from thin sheet metal to thick plate steel, without the need for
manual adjustments.

In short, automatic height control is a game-changing technology that has
revolutionized the plasma cutting industry. By ensuring a stable plasma arc and
consistent cut quality, this feature helps operators to achieve greater precision and
efficiency in their work, while also expanding the range of materials that can be
cut with ease.

5- One of the most important safety features in modern cutting systems is col-
lision avoidance. This advanced technology is designed to prevent accidents that
can occur when the cutting torch comes into contact with the work-piece or other
obstacles. The collision avoidance feature works by detecting potential collisions
and stopping the cutting process in its tracks. By doing so, it helps to protect both
the operator and the equipment from damage. In many cases, collision avoidance
is achieved through the use of sensors that are mounted on the cutting torch. These
sensors are designed to detect the presence of any obstacles that may be in the
path of the torch. If an obstacle is detected, the system will automatically stop the
cutting process and sound an alarm to alert the operator. This gives the operator
a chance to assess the situation and take appropriate action to avoid a collision.
Another approach to collision avoidance is to use computer software to control the
cutting process. This software can be programmed to identify potential collisions
and adjust the cutting path accordingly. For example, if the software detects that
the torch is about to collide with a work-piece, it can automatically adjust the
cutting path to avoid the collision. This type of collision avoidance is particularly
useful in situations where the operator may not be able to react quickly enough to
prevent a collision.

Overall, collision avoidance is an essential safety feature in modern cutting sys-
tems. It helps to prevent accidents and protect both the operator and the equipment
from damage. With the use of advanced sensors and software, cutting systems can
now be designed to automatically detect and avoid collisions, making them safer
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and more efficient than ever before.

6- Integration with CNC and Plasma Systems: Modern torch height control sys-
tems play a crucial role in the precision and efficiency of plasma cutting processes.
These systems are designed to automatically adjust the height of the plasma torch
during the cutting process, ensuring that the torch stays at an optimal distance
from the work-piece. This helps to achieve clean, accurate cuts and prevent dam-
age to the torch and the work-piece. One of the key advancements in torch height
control technology is the integration with CNC controllers and plasma power
supplies. This integration allows for seamless communication between the differ-
ent components of the cutting system, enabling precise control over the cutting
process. By integrating torch height control with CNC controllers, operators can
program complex cutting patterns and designs with ease. The CNC controller can
send instructions to the torch height control system, telling it where to move the
torch and at what height, based on the cutting path. This automation not only
saves time but also reduces the risk of operator errors, which can lead to costly
mistakes and wasted material. In addition to CNC integration, torch height control
systems can also be integrated with plasma power supplies. This integration allows
for real-time monitoring of the plasma arc, ensuring that the torch height is always
maintained at the optimal distance from the work-piece. The plasma power supply
can communicate with the torch height control system, adjusting the power output
to compensate for changes in the cutting conditions, such as changes in material
thickness or surface irregularities.

Overall, the integration of torch height control systems with CNC controllers
and plasma power supplies offers significant benefits for plasma cutting opera-
tions. By enabling precise control over the cutting process, this technology helps to
improve the quality of cuts, increase efficiency, and reduce the risk of errors and
material waste.

II.4.2 Conclusion

In conclusion, the exploration of the functionality of torch height control (THC) in
cutting unveils its pivotal role in achieving precision and efficiency in plasma cut-
ting operations. Through the meticulous control of torch-to-work-piece distance,
THC systems ensure consistent cut quality across various materials and thick-
nesses, minimizing defects and enhancing overall productivity. By dynamically
adjusting torch height during the cutting process, THC systems adapt to changing
conditions, optimizing cutting parameters to deliver clean, accurate cuts with
minimal material wastage. Furthermore, the integration of THC with other cutting
parameters and safety features enhances the reliability and effectiveness of plasma
cutting systems. As manufacturing demands continue to evolve, THC technology
remains at the forefront of innovation, empowering operators to unleash the full
potential of their cutting machines and achieve unparalleled levels of precision and
performance. With a solid understanding of THC functionality, manufacturers can
harness this technology to drive advancements in metal fabrication and meet the
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demands of today’s competitive market landscape.

II.5 Comparative Study: CNC Plasma with THC vs. Alter-
natives

Within the realm of modern manufacturing, the quest for optimal cutting methods
is an ever- evolving pursuit. As such, the comparison of plasma cutting with torch
height control (THC) against alternative methods such as laser cutting, water-jet
cutting, and oxy fuel cutting emerges as a crucial area of study. This chapter
embarks on a comprehensive exploration of these cutting techniques, delving into
their respective strengths, weaknesses, and suitability for diverse applications. By
juxtaposing plasma cutting with THC against its counterparts, we aim to elucidate
the unique advantages and limitations of each method, providing valuable insights
for manufacturers seeking to optimize their cutting processes. From precision
to speed, cost- effectiveness to versatility, this comparative analysis sheds light
on the intricacies of modern cutting technologies, paving the way for informed
decision-making and enhanced manufacturing efficiency. Join us as we unravel
the complexities of plasma cutting with THC and its position in the landscape of
contemporary cutting methodologies.

II.5.1 Plasma with THC vs. Laser Cutting: A Comparative Overview

Figure II.2 – CNC Laser Torch VS CNC Plasma Torch
.

This figure shows the laser torch versus the plasma torch side by side to see the
difference.

CNC plasma cutting with THC and laser cutting are both popular methods
for cutting materials in industrial settings. The main difference between the two
technologies lies in the source of the technology’s cutting power. Plasma cutting
uses a device for generating a directed flow of plasma for cutting, while laser
cutting uses a narrow and intense ray of light. When it comes to the materials that
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can be cut, laser cutting can be used to cut a wide range of materials, including
ceramic, wood, plastics, and metals. Plasma cutting, on the other hand, can only
be used to cut conductive materials. In terms of accuracy, laser cutting is generally
more accurate than plasma cutting. This is because the energy of a laser beam is
concentrated on a single tiny area, producing a thin cutting seam in the work-piece.
Plasma cutting, on the other hand, produces a wider kerf, which can make it less
suitable for complex, delicate cutting tasks. Laser cutting is also faster and more
energy-efficient than plasma cutting, making it a better choice for the environment.
However, laser cutters are typically more expensive to operate than plasma cutters,
and they may not perform as well on highly reflective surfaces like metal. Plasma
cutting, on the other hand, is a more cost-effective option than laser cutting, and
it is able to cut thicker plates compared to laser cutters. Plasma cutters are also
better suited for cutting thicker materials, as the majority of laser equipment is not
powerful enough to cut materials that are thicker than 19mm.

In summary, both CNC plasma cutting with THC and laser cutting have their
own advantages and disadvantages. The right choice for your needs will depend
on a variety of factors, including the materials you need to cut, the thickness of
those materials, and your budget[12].

II.5.2 Plasma with THC vs. Water-jet: A Comparative Look

Plasma cutting and water-jet cutting are both popular methods for cutting metal
and other materials, but they have some key differences. Plasma cutting uses a
high-velocity jet of ionized gas, or plasma, to cut through electrically conductive
materials. The process involves creating an electrical arc between an electrode and
the work-piece, which ionizes the gas and creates a plasma jet. This plasma jet
is then directed through a nozzle to cut through the material. Plasma cutting is
typically faster and more cost-effective than water-jet cutting, but it can produce a
rougher edge finish and may not be suitable for cutting certain materials.

Figure II.3 – Water-jet cutting Torch VS CNC Plasma Torch
.

This figure shows the Water-jet torch versus the plasma torch side by side to
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see the difference.

Water-jet cutting, on the other hand, uses a high-pressure stream of water mixed
with an abrasive material to cut through a wide range of materials, including met-
als, plastics, and composites. The water-jet is typically more precise than plasma
cutting and can produce a smoother edge finish, but it is also slower and more
expensive. Water-jet cutting is also more versatile than plasma cutting, as it can
cut through materials that are not electrically conductive. When it comes to using
a torch height control (THC) with plasma cutting, it can help improve the quality
and consistency of the cut by maintaining a consistent distance between the torch
and the work-piece. However, THC is not typically used with water-jet cutting, as
the water-jet nozzle is typically positioned much closer to the work-piece than a
plasma torch.

In summary, plasma cutting is generally faster and more cost-effective than
Water-jet cutting, but may produce a rougher edge finish and may not be suitable
for cutting certain materials. Water-jet cutting is more precise and versatile, but is
slower and more expensive. The use of THC with plasma cutting can help improve
the quality and consistency of the cut[13].

II.5.3 Plasma with THC vs. Oxy Fuel: An Analytical Comparison

Figure II.4 – Plasma with THC vs Oxy Fuel
.

This figure shows the Oxy Fuel torch versus the plasma torch side by side to see
the difference.

Plasma cutting using THC ) is a method of cutting metal using a high- velocity
jet of ionized gas, or plasma. This process is typically faster and more efficient
than oxy-fuel cutting, and can cut through a wider range of materials, including
stainless steel, aluminum, and copper. Plasma cutting using THC also results in
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a cleaner and more precise cut, with less distortion and warping of the metal.
Oxy-fuel cutting, on the other hand, uses a mixture of oxygen and fuel gas to cut
through metal. This process is typically slower than plasma cutting, and can only
be used on ferrous metals, such as steel and iron. However, oxy-fuel cutting is
often less expensive than plasma cutting, and can be used in situations where a
cleaner cut is not as important. When comparing plasma cutting using THC with
Water-jet cutting, plasma cutting is generally faster and more cost-effective than
water-jet cutting, but may produce a rougher edge finish and may not be suitable
for cutting certain materials. Water-jet cutting is more precise and versatile, but is
slower and more expensive. The use of THC with plasma cutting can help improve
the quality and consistency of the cut.

In summary, plasma cutting using THC is a faster, more efficient, and more
versatile method of cutting metal than oxy-fuel cutting. However, oxy-fuel cutting
is often less expensive and can be used in situations where a cleaner cut is not
as important. When comparing plasma cutting using THC with water-jet cutting,
plasma cutting is generally faster and more cost-effective, but may produce a
rougher edge finish and may not be suitable for cutting certain materials. Water-jet
cutting is more precise and versatile, but is slower and more expensive[14].

II.6 Voltage Sensing Control in Plasma Cutting

In our project, we implemented a Voltage Sensing Control system for torch height
control in plasma cutting operations. This sophisticated system operates by contin-
uously measuring the arc voltage generated during the cutting process. The rela-
tionship between the torch height and arc voltage is direct: higher voltages indicate
a greater distance between the torch and the work-piece, while lower voltages indi-
cate a shorter distance. The control mechanism dynamically adjusts the torch height
to maintain a constant voltage, ensuring an optimal cutting distance. This approach
provides several significant advantages. Firstly, it guarantees consistent cut quality
by maintaining a precise height, which is crucial for achieving smooth and accu-
rate cuts. Secondly, it extends the lifespan of consumables by minimizing excessive
contact with the work-piece, thereby reducing wear and tear. Furthermore, this
method proved highly effective across a variety of material thicknesses and types,
enhancing both the reliability and efficiency of the cutting process. Despite the
initial calibration requirements and sensitivity to electrical interference, regular ad-
justments and maintenance enabled the system to perform optimally throughout
the duration of the project. This implementation underscores the effectiveness of
Voltage Sensing Control in modern plasma cutting applications, offering a robust
solution for maintaining high standards of cut quality and operational efficiency.
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II.7 Conclusion

In conclusion, the comparative analysis of plasma cutting with THC against al-
ternative methods offers valuable insights into the diverse landscape of modern
cutting technologies. Through this exploration, we have uncovered the unique
capabilities and limitations of each method, shedding light on their applicability
across various industries and manufacturing scenarios. Plasma cutting with THC
emerges as a formidable contender, offering exceptional speed, cost-effectiveness,
and versatility, particularly for thick material cutting in heavy industrial applica-
tions. Laser cutting stands out for its unparalleled precision and edge quality, mak-
ing it indispensable in industries requiring intricate designs and high-tolerance
components. Water-jet cutting, with its ability to cut a wide range of materials
without heat- affected zones, finds its niche in applications demanding superior
material integrity. Oxy fuel cutting, while less common in certain industries, re-
mains a viable option for thick material cutting, especially in environments where
electricity is limited. Ultimately, the choice of cutting method depends on a multi-
tude of factors, including material type, thickness, desired cut quality, and budget
constraints. By understanding the nuances of each method, manufacturers can
make informed decisions to optimize their cutting processes and enhance overall
manufacturing efficiency in an ever-evolving landscape.
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III.1 Introduction

Utilizing a CNC Plasma table is widely recognized as an efficient and effective
method for cutting through various materials, including sheet metal and plate
stock. This technology offers significant advantages in terms of speed and pre-
cision. However, achieving a high-quality cut requires meticulous attention to
maintaining a consistent torch height throughout the cutting process. Even with
the assistance of an Initial Height Sensing (IHS) switch, which can automatically
set the plasma torch tip-to-plate distance at the beginning of a cut, maintaining
this exact height can be challenging. The distance between the torch tip and the
plate is typically only 0.060 inches, meaning that even slight variations in height
can have a considerable impact on the quality of the cut.

Figure III.1 – Torch Height.
’

This figure shows different torch height between low and high and good.

One of the primary reasons for this challenge is that sheet metal and plate stock
may not always be perfectly flat. Even a small amount of warping or unevenness
in the material can throw off the torch height and lead to problems during cutting.
Additionally, the heat generated during the cutting process can cause the material
to warp further, exacerbating the difficulty of maintaining the desired stand-off
height. If the torch gets too close to the material, it can result in premature wear
of the cutting nozzle and an increase in backside dross. Conversely, if the plate is
warped, the torch may collide with the material during a longer cut, reducing the
initial cut height of 0.060 inches.

This collision can cause the torch to lose its arc during cutting, ultimately affect-
ing the quality of the cut. To mitigate these issues, it is crucial to carefully monitor
the torch height throughout the cutting process. This may involve making small
adjustments to the torch height as needed or utilizing specialized tools designed
to help maintain a consistent height. A dedication to providing customers with the
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most advanced and innovative solutions for their cutting needs is paramount.

One such solution is the plug-n-play Torch Height Controller (THC) module,
which has been specifically designed to streamline the cutting process and ensure
consistent cutting height between the torch and the plate. The THC module is
an essential component of any plasma cutting system as it works to maintain the
optimal distance between the torch and the plate throughout the cutting process,
thereby ensuring precise, accurate, and high-quality cuts.

Operating on a simple yet effective principle, the THC module monitors the
voltage in the plasma arc between the torch and the material, which is directly
linked to the length of the arc. Put simply, if the torch is closer to the plate, the arc
voltage will be lower compared to when the torch is farther away from the plate,
assuming all other cutting factors remain constant. By continuously monitoring
the arc voltage, the THC module can adjust the torch height accordingly, ensuring
that the distance between the torch and the plate remains consistent. This feature is
particularly useful when cutting materials that are uneven or warped, as it allows
for a smooth and even cut throughout the entire process. Moreover, the THC
module is incredibly easy to install and use, making it a popular choice for both
novice and experienced plasma cutters alike. Its plug-n-play design means that it
can be seamlessly integrated into any existing plasma cutting system without the
need for extensive modifications. Pride is taken in offering customers the most
advanced and cutting-edge solutions for their cutting needs, and the THC module
is just one of the many products available to help streamline the cutting process
and deliver exceptional results.

The Torch Height Control (THC) system plays a pivotal role in modern plasma
cutting technology, serving as a critical component for regulating torch height
throughout cutting processes to maintain consistent arc voltage. This technologi-
cal advancement represents a significant stride in precision engineering within the
fabrication industry. Operating through a sophisticated feedback loop mechanism,
the THC system dynamically adjusts the Z-axis motor based on real-time measure-
ments of arc voltage. This mechanism ensures optimal cutting performance and
quality by preserving a uniform torch-to-material distance. The integration of the
Voltage Input Module, responsible for capturing arc voltage and transmitting it to
the THC Electronics Module housed within the CNC electronics enclosure, under-
scores the seamless integration of hardware and software components in advanced
cutting systems. Additionally, the THC system’s adaptive capabilities enable it to
compensate for material irregularities during cutting operations, ensuring preci-
sion and uniformity even in challenging conditions. Advanced features such as
SMART Voltage, which autonomously adjusts voltage based on material thickness,
and Torch Speed Cutoff, which prevents material contact during high-speed cut-
ting, further exemplify the sophistication and versatility of the THC system. In
essence, the THC system represents a trans-formative advancement in plasma cut-
ting technology, redefining standards of efficiency, precision, and quality in fabri-
cation processes[15].
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III.2 Types of THC systems

Torch Height Control (THC) systems are essential components in the CNC plasma
cutting industry. They play a crucial role in ensuring that the torch is positioned
accurately during the cutting process. These systems come in various forms, each
designed to cater to specific cutting requirements and operational preferences. One
of the most fundamental types of THC systems is the manual THC system. In this
system, operators manually adjust the torch height while cutting, relying on their
expertise to maintain optimal cutting parameters. Although this method is rela-
tively simple, it lacks the automation and precision of more advanced alternatives,
requiring operators to give continuous attention.

Figure III.2 – THC example
’

this picture shows an example of a THC available in the market witch is Proma
THC .

On the other hand, Proportional Integral Derivative (PID) THC systems repre-
sent a significant advancement in torch height control technology. These systems
utilize sophisticated feedback control algorithms to continuously monitor arc
voltage and adjust torch height in real-time. By dynamically regulating torch
positioning based on instantaneous measurements, PID THC systems offer en-
hanced accuracy and consistency compared to manual alternatives. This precision
is particularly beneficial across diverse cutting scenarios, ensuring optimal cutting
performance across various materials and thicknesses[16].

Capacitive THC systems are another type of THC technology that has gained
popularity in recent years. These systems employ capacitive sensors to measure the
distance between the torch and the material surface. The sensors detect changes
in the capacitance caused by the proximity of the torch to the material, allowing
the system to make real-time adjustments to the torch height. Capacitive THC
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systems provide excellent precision and are ideal for cutting materials with uneven
surfaces or those that are prone to warping during the cutting process.Overall, the
importance of THC systems in CNC plasma cutting cannot be overstated. They are
critical in ensuring that the cutting process is efficient, accurate, and consistent,
leading to high-quality cuts and increased productivity. As technology advances,
we can expect to see even more sophisticated THC systems that further improve
cutting performance and reduce operator input.

Capacitive THC systems are an advanced technology that has revolutionized the
cutting industry. These systems are designed to provide reliable performance across
diverse cutting scenarios, offering operators a high degree of control and precision.
This makes them an ideal choice for industries that require intricate and precise
cutting operations. One of the key benefits of capacitive THC systems is their ability
to adapt to challenging surface conditions. This is particularly useful in industries
such as aerospace, automotive, and construction, where materials can vary greatly
in thickness and density. With a capacitive THC system, operators can achieve
precise cuts on even the most uneven surfaces, ensuring that the end product meets
the highest standards of quality and accuracy. Another advantage of capacitive
THC systems is their flexibility. They can be easily integrated into existing cutting
equipment, and can be customized to meet the specific needs of each operation.
This means that operators can achieve the desired level of performance without
having to invest in new equipment or undergo extensive training.

In addition to their precision and adaptability, capacitive THC systems are also
highly reliable. They are designed to operate consistently and accurately, even
in harsh environments and under extreme conditions. This makes them an ideal
choice for industries that require cutting operations to be performed with the ut-
most precision and consistency, such as medical device manufacturing or precision
engineering. Overall, capacitive THC systems are a game-changing technology
that has transformed the cutting industry, with their precision, adaptability, and
reliability, they offer operators a high degree of control over their cutting processes,
enabling them to achieve the highest levels of quality and accuracy.
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Figure III.3 – CNC Plasma Torch.
’

an example of a plasma torch designed for cnc machines.

In addition to their precision and adaptability, capacitive THC systems are also
highly reliable. They are designed to operate consistently and accurately, even
in harsh environments and under extreme conditions. This makes them an ideal
choice for industries that require cutting operations to be performed with the ut-
most precision and consistency, such as medical device manufacturing or precision
engineering. Overall, capacitive THC systems are a game-changing technology
that has transformed the cutting industry, with their precision, adaptability, and
reliability, they offer operators a high degree of control over their cutting processes,
enabling them to achieve the highest levels of quality and accuracy.

However, the torch height control game has been taken to the next level with the
introduction of Adaptive THC systems. These cutting-edge systems use advanced
algorithms to analyze cutting conditions in real-time and dynamically adjust torch
height. This means that they can seamlessly adapt to changes in material properties
or cutting speed, resulting in unparalleled precision and performance. Adaptive
THC systems are particularly well-suited for complex cutting applications that
require precise control over torch height. Their ability to adjust to changing condi-
tions makes them ideal for industries that prioritize flexibility and agility in their
cutting processes[17].

Integrated THC systems are another game-changer in the world of torch
height control. These systems are seamlessly integrated into CNC plasma cutting
machines, giving users even greater control over cutting parameters. With user-
friendly interfaces and comprehensive automation capabilities, integrated THC
systems empower operators to efficiently optimize cutting processes. By incorpo-
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rating torch height control functionality, these systems elevate both the efficiency
and quality of the cutting process.

conclusion, the importance of torch height control cannot be overstated in
industries that require high-quality and high-precision cutting. AVHC THC sys-
tems have served these industries well for many years, but the introduction of
Adaptive THC systems and integrated THC systems has taken torch height con-
trol to new heights. These cutting-edge technologies have revolutionized the way
that operators approach the cutting process, allowing for unparalleled precision,
performance, and flexibility. As such, they are essential tools for any industry that
values quality, efficiency, and agility in their cutting processes. In the world of
CNC plasma cutting machines, systems have now become an essential component
in achieving high-quality results. These systems provide operators with the neces-
sary tools and functionalities to effortlessly achieve exceptional cutting outcomes.
With the integration of these systems, operators are able to fine-tune the cutting
process, ensuring that the final product is a precise and accurate representation
of the intended design. Moreover, contemporary CNC plasma cutting machines
are equipped with a wide range of advanced technologies that allow for an even
greater level of precision and control. These technologies include advanced soft-
ware programs that allow for the creation of intricate and complex designs, as
well as advanced sensors and monitoring systems that provide real-time feedback
on the cutting process. In addition to the technical advancements, modern CNC
plasma cutting machines also offer a high level of flexibility and customization,
allowing operators to tailor the cutting process to their specific needs and require-
ments. This means that operators can easily adjust cutting parameters such as
speed, depth, and angle, to achieve the desired results. Overall, the integration
of systems and advanced technologies in contemporary CNC plasma cutting ma-
chines has revolutionized the cutting industry, making it easier and more efficient
for operators to achieve exceptional cutting outcomes. With these advancements,
the possibilities for precision cutting are endless, enabling manufacturers to create
complex and intricate designs with ease.

One of the most commonly used THC systems is the laser-powered THC sys-
tem. These systems use laser sensors to measure the distance between the torch
and the surface of the material being cut. This technology offers unparalleled
precision and is ideal for applications that demand extremely accurate cutting. By
providing operators with precise control over the height of the torch, laser-based
THC systems deliver optimal cutting performance for a wide range of materi-
als and thicknesses. This technology has completely transformed industries that
require intricate and precise cutting operations, such as the manufacturing of med-
ical devices and architectural fabrication. However, there are other types of THC
systems available as well. For example, manual THC systems rely on the operator
to control the height of the torch. While not as precise as laser-based THC systems,
manual systems are still very effective in many applications. They are also often
more affordable, making them a popular choice for smaller businesses[18].

As technology continues to advance, THC systems will undoubtedly progress
to meet the ever-changing demands of the manufacturing industry. New sensors
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and control systems are being developed that promise even greater precision and
efficiency. With these new advancements, THC systems will continue to be a vital
component of modern CNC plasma cutting, ensuring that manufacturers can cre-
ate high-quality products quickly and efficiently.

III.3 Advantages and Disadvantages of THC Systems in

CNC Machines

III.3.1 Advantages of THC System

The use of THC systems in the cutting industry has revolutionized the way ma-
terials are cut. THC systems provide accurate control over torch height, ensuring
consistent and precise cuts on different materials and thicknesses. This is espe-
cially important in the manufacturing industry, where accuracy and precision are
critical in producing high-quality products.The improved productivity brought
about by THC systems is also a significant advantage. By automating torch height
adjustments, the need for manual intervention is eliminated, leading to increased
cutting efficiency and productivity. This allows operators to focus on other tasks,
such as quality control and maintenance, which ultimately leads to a more efficient
production process.

The superior cut quality offered by THC systems is another significant benefit.
The precise control provided by these systems results in clean cuts with minimal
imperfections, reducing the need for additional finishing processes. This not only
saves time but also boosts the quality of the final product.

THC systems are also incredibly flexible, able to adapt to changes in material
properties, cutting speed, and other variables, guaranteeing optimal cutting per-
formance in various operating conditions. This flexibility allows operators to use
the same system for cutting different materials, reducing the need for multiple
cutting systems.

Despite the initial investment required to implement THC systems, they offer
long-term cost savings. By minimizing material waste, enhancing cut quality, and
reducing downtime, the overall cost of production is lowered. This makes THC
systems a cost-effective option for companies looking to streamline their produc-
tion processes and improve their bottom line.

In conclusion, THC systems provide a range of benefits, from accurate control
and improved productivity to superior cut quality and flexibility. Their long-term
cost savings make them a wise investment for companies looking to increase their
efficiency and competitiveness in the market.
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III.3.2 Disadvantages of THC System

Torch Height Control (THC) systems have become an essential tool for many
businesses involved in CNC plasma cutting operations. These systems offer a
range of benefits, including improved cut quality, reduced material waste, and
increased efficiency. However, there are also several drawbacks that businesses
need to consider before investing in THC systems. One of the main challenges
associated with THC systems is the initial investment required to set them up.The
cost of hardware, software, and installation can be quite substantial, particularly
for smaller businesses or individuals involved in the hobby. However, the benefits
of THC systems can often outweigh the costs, particularly in industrial settings
where precision and efficiency are crucial.

Another challenge associated with THC systems is the difficulty of learning
how to operate them. Operators need to undergo training and become familiar
with how the system operates and how to maintain it. This can be time-consuming
and may require additional resources, but it is essential to ensure the system
performs at its best.

Regular maintenance is also necessary for THC systems to ensure they continue
to perform at their best. This includes tasks like calibration, cleaning the sensors,
and updating the software. Failure to maintain the system properly can lead to
reliability issues, which can impact production schedules and output.

Integrating THC systems with existing CNC plasma cutting machines or soft-
ware platforms can also lead to compatibility issues, which may disrupt operations.
This can be a significant challenge, particularly for businesses that use a range of
different machines and software platforms.

Finally, while THC systems are designed to enhance cutting quality and ef-
ficiency, there can be reliability issues such as sensor malfunctions or software
glitches that can impact production schedules and output. These issues can be
frustrating for operators and may require additional resources to resolve.Despite
these challenges, THC systems offer many advantages that often outweigh the
disadvantages, particularly in industrial settings where precision, efficiency, and
cut quality are crucial. By carefully considering the pros and cons, businesses
can make well-informed decisions about whether to adopt and implement THC
systems in their CNC plasma cutting operations. Ultimately, the key to success is
to ensure that operators receive proper training and that the system is maintained
and updated regularly to ensure optimal performance [19].

III.4 Applications of THC systems

III.4.1 Metal fabrication

Metal fabrication is a complex process that involves the shaping and cutting of
metal materials into various structures and components. It is a critical aspect of
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many industries such as automotive, aerospace, and construction, among others.
One of the essential technologies used in metal fabrication is Torch Height Control
(THC) systems. These systems are critical in various cutting processes, including
plasma cutting, oxy-fuel cutting, and laser cutting. THC systems play a crucial role
in maintaining accurate torch positioning relative to the work-piece.

Figure III.4 – CNC Laser Torch
’

this is the torch of CNC laser responsible for precisely delivering the laser beam
to the work-piece. It typically consists of a nozzle.

This ensures optimal cutting quality and efficiency. By controlling the distance
between the torch and the material surface consistently, THC systems minimize
issues like dross formation and enable clean and accurate cuts on different metals
like steel, aluminum, and stainless steel. THC systems are particularly useful when
fabricating complex shapes or working with materials of varying thicknesses. THC
systems are equally important in oxy-fuel cutting and laser cutting. In oxy-fuel
cutting, THC systems help control the torch height and maintain the right balance
between the fuel and the oxygen flow. This ensures that the right amount of heat
is applied to the material to achieve the desired cut. In laser cutting, THC systems
help maintain the correct focal point of the laser beam. This ensures that the laser
beam cuts through the material cleanly and accurately. Ultimately, THC systems
are indispensable tools in metal fabrication. They contribute to high-quality cuts,
reduced material waste, and increased productivity. With advancements in tech-
nology, THC systems have become more sophisticated and can now be integrated
with other systems such as CAD/CAM software to achieve even greater precision
and efficiency. As metal fabrication continues to evolve, THC systems will remain
a critical component, ensuring that manufacturers can produce high-quality metal
products that meet the demands of various industries.
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III.4.2 Aerospace Industry

The aviation industry is a highly specialized and complex field that requires the
use of advanced technologies and equipment to create aircraft components that are
safe, reliable, and efficient. Torch Height Control (THC) systems are critical in this
regard, as they provide the precision and accuracy needed to produce high-quality
parts that meet the stringent standards of the aerospace industry. THC systems are
used in a variety of cutting operations, including plasma cutting, laser cutting, and
oxyfuel cutting. These technologies are used to cut a wide range of materials, from
thin aluminum sheets to thick steel plates, with varying degrees of complexity and
precision. THC systems work by adjusting the distance between the cutting torch
and the material being cut, ensuring that the torch remains at the optimal height
throughout the cutting process. The importance of THC systems in aerospace man-
ufacturing cannot be overstated. The aerospace industry demands parts that are
not only precise and accurate but also lightweight, durable, and aerodynamically
optimized. THC systems play a crucial role in achieving these goals by maintaining
tight tolerances and minimizing material waste. One of the key benefits of THC
systems is their ability to reduce the need for manual intervention in the cutting
process. This not only improves efficiency but also minimizes the risk of errors and
defects, which can be costly and time-consuming to correct. By optimizing cutting
parameters and automating the cutting process, THC systems enable aerospace
manufacturers to enhance productivity without compromising on quality or preci-
sion. In addition to their role in cutting operations, THC systems also contribute to
the safety of the aerospace industry by reducing the risk of accidents and injuries.
By maintaining a consistent distance between the cutting torch and the material
being cut, THC systems minimize the risk of the torch coming into contact with
the material or the operator’s hands. In conclusion, THC systems are an essen-
tial component of the aerospace industry, providing the precision, accuracy, and
efficiency needed to produce high-quality aircraft components. By minimizing
material waste, reducing the need for manual intervention, and optimizing cutting
parameters, THC systems enable aerospace manufacturers to create parts that are
lightweight, durable, and aerodynamically optimized, contributing to the safety
and efficiency of the aviation industry.

III.4.3 Signage and Metal Art

Torch Height Control (THC) systems have revolutionized the world of metalwork-
ing and signage. These systems have become essential tools for artists, fabricators,
and designers who want to bring their creative ideas to life with precision and
accuracy. Whether it’s cutting intricate designs, lettering, or decorative motifs, THC
systems are crucial for achieving the desired aesthetic and functional outcomes.
Plasma cutting is a popular choice for creating custom signage and metal artwork
because it can work with a wide range of metals and offers great versatility. With
THC systems, the plasma torch stays at the right height above the material surface,
resulting in clean and precise cuts with minimal distortion. This level of control
allows artists to create intricate patterns, textures, and shapes, transforming or-
dinary metal sheets into stunning works of art. Moreover, THC systems enable
the fabrication of metal sculptures, architectural features, and ornamental pieces,
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offering artists and fabricators endless opportunities for creativity. From design-
ing unique signage for businesses to crafting one-of-a-kind sculptures for public
spaces, THC systems empower artisans to push the boundaries of metalworking
and unleash their artistic potential. The benefits of THC systems go beyond pre-
cision and accuracy. They also help to reduce material waste and save time. With
THC systems, artists and fabricators can optimize the cutting process, minimize
errors, and reduce the need for manual adjustments. This means that they can pro-
duce high-quality metal artwork and signage faster and more efficiently, without
sacrificing quality.

In addition, THC systems are user-friendly and easy to operate. They come
with intuitive software that allows artists and fabricators to program the cutting
process and adjust the torch height with ease. This means that even beginners can
use THC systems to create stunning metal artwork and signage without any prior
experience. Overall, Torch Height Control systems have revolutionized the world
of metalworking and signage. They have become essential tools for artists and
fabricators who want to bring their creative ideas to life with precision, accuracy,
and efficiency. Whether it’s creating custom signage, metal artwork, or sculptures,
THC systems offer endless opportunities for creativity and innovation.

III.4.4 Architectural Fabrication

Architectural metalwork is a crucial aspect of constructing modern and ornate
structures. It involves creating and assembling metal components, such as stair-
cases, railings, and decorative elements, that are essential for the functionality and
aesthetics of a building. However, achieving precision and accuracy in architectural
metalwork can be challenging, especially when working with different materials
and intricate designs. This is where Torch Height Control (THC) systems come in,
as they play a vital role in ensuring quality and consistency in every step of the
fabrication process. THC systems are essential for cutting and assembling metal
components, as they help fabricators achieve the desired look and function of the
final structure. Whether it’s intricate patterns for railing panels or precise shapes
for cladding, THC systems enable fabricators to work with various materials and
achieve consistent quality throughout the process. By controlling the torch height,
THC systems help minimize waste, streamline fabrication, and maintain precision,
which is crucial in architectural metalwork. One of the significant benefits of THC
systems in architectural metalwork is that they allow fabricators to work with dif-
ferent materials, such as steel, aluminum, brass, and copper, catering to different
architectural styles. This flexibility enables fabricators to bring ambitious design
concepts to life, resulting in exceptional craftsmanship that meets the expectations
of architects, builders, and customers.

In conclusion, Torch Height Control systems are vital in architectural metal-
work, as they ensure precision, accuracy, and consistency in every step of the
fabrication process. By using THC systems, fabricators can deliver exceptional
craftsmanship for modern and ornate structures, bringing the most ambitious
design concepts to life. As technology continues to advance, THC systems will un-
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doubtedly play an even more critical role in the future of architectural metalwork.

III.4.5 Industrial Machinery Manufacturing

In today’s industrial world, precision and accuracy are paramount in the man-
ufacturing of industrial machinery and equipment. Metal fabrication processes
play a crucial role in ensuring that the metal components are precisely shaped
and manufactured to meet the demanding standards of industrial machinery and
equipment. However, achieving this level of precision and accuracy is no easy
feat. It requires the use of advanced technologies and systems that are specif-
ically designed to enhance the performance and efficiency of metal fabrication
processes. One such system that plays a vital role in metal fabrication processes
is the THC system. THC systems are particularly important in the production of
various types of industrial machinery, such as conveyors, pumps, compressors,
and processing systems. These machines rely on the accurate fabrication of metal
components to ensure their functionality and durability. THC systems guarantee
that these components are cut and shaped with precision, adhering to strict per-
formance specifications. The THC system works by controlling the torch height
during cutting operations. This allows manufacturers to achieve the desired level
of accuracy and quality in their metal fabrication processes. Whether it involves
plasma cutting thick steel plates for equipment frames or laser cutting intricate
parts for machinery assemblies, THC systems prove to be essential in achieving
precise tolerances and exceptional finishes. In addition to enhancing the precision
and accuracy of metal fabrication processes, THC systems also offer numerous
benefits to manufacturers. For example, they help to reduce material waste and
improve productivity by minimizing the need for rework and manual adjustments.
This not only saves time and money but also ensures that the finished product
meets the highest quality standards.Overall, the use of THC systems in metal fabri-
cation processes is essential in achieving optimal performance and efficiency in the
production of industrial machinery and equipment. By utilizing these advanced
technologies and systems, manufacturers can produce high-quality components
that meet the demanding requirements of their customers.

III.5 Challenges and Limitations of THC systems

III.5.1 Material Variability

The use of THC systems presents a number of challenges in industries that handle
a diverse range of metals and alloys. With each material possessing unique thermal
conductivities, electrical resistivities, and surface characteristics, it can be difficult
to achieve consistent and effective plasma arc behavior. The thermal conductivity
of materials like copper or aluminum, for instance, can rapidly dissipate heat,
necessitating careful adjustments to cutting parameters in order to maintain the
ideal torch height. This is particularly important when working with materials
of varying thicknesses, compositions, and surface conditions, which can further
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complicate torch height control. Despite the challenges posed by material vari-
ability, THC systems have proven to be highly effective at maintaining precise
torch-to-work-piece distances under ideal circumstances. However, these ideal
conditions are often difficult to achieve in real-world scenarios, where materials
can exhibit significant fluctuations in their properties. In order to address these
challenges, adaptive strategies must be employed to ensure that THC systems can
consistently perform at their best. One such strategy involves the use of advanced
sensors and software that can automatically adjust cutting parameters in response
to changes in material properties. This allows THC systems to maintain optimal
torch-to-work-piece distances even in the face of material variability, ensuring clean
and precise cuts every time. In addition to these technological solutions, operators
can also employ manual techniques to compensate for material variability, such
as adjusting torch height on-the-fly or using specialized cutting techniques to
account for differences in material composition and thickness. Despite the inherent
challenges posed by material variability, THC systems remain an essential tool in
the arsenal of modern manufacturing industries. With the right combination of
technological solutions and skilled operators, these systems can overcome even
the most complex material challenges, providing high-quality cuts and consistent
results across a wide range of materials and applications.

III.5.2 Surface Contamination

Surface contamination is a critical issue that can pose significant challenges to THC
systems. Even the slightest impurities or coatings on the surface of the work-piece
can cause disruptions in the plasma arc and interfere with voltage measurements.
When substances like oil, grease, rust, or paint accumulate on the surface, they
can alter the surface conductivity and emissivity, leading to inaccurate voltage
readings and erratic torch height adjustments. The impact of contaminants is not
limited to just the surface of the work-piece. They can also build up on the torch
consumables, such as the electrode and nozzle, which can significantly impact
their performance and lifespan. In extreme cases, the buildup of contaminants
on the consumables can cause them to malfunction, leading to costly repairs and
downtime. To minimize the impact of surface contamination, thorough surface
preparation is necessary. This includes cleaning, degreasing, and pre-treatment
to ensure that the torch makes optimal contact with the work-piece and that
THC systems operate reliably. Surface preparation is a crucial step that requires
meticulous attention to detail to remove any impurities that could cause problems
down the line. One common technique used for surface preparation is abrasive
blasting. Abrasive blasting involves using high-pressure air to blast a surface with
abrasive particles, which removes any dirt, rust, or paint. This technique is highly
effective, but it requires specialized equipment and expertise to ensure that the
surface is not damaged during the process. Another technique that is often used
for surface preparation is chemical cleaning. Chemical cleaning involves using a
variety of chemicals to remove dirt, oil, and other contaminants from the surface.
This technique is highly effective, but it can be time-consuming, and it requires
proper handling of the chemicals to ensure that they do not cause any harm to the
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environment or the workers.

In conclusion, surface contamination is a constant challenge that THC systems
face. To ensure that these systems operate reliably and efficiently, proper surface
preparation is necessary. This includes thorough cleaning, digressing, and pre-
treatment to remove any impurities that could disrupt the plasma arc or interfere
with voltage measurements. With the right surface preparation techniques, THC
systems can operate at their best, providing high-quality cuts and minimizing
costly downtime.

III.5.3 Electromagnetic interference

Electromagnetic interference (EMI) can be a significant challenge for THC sys-
tems, especially in industrial settings where there is a lot of electrical noise and
interference. EMI can come from various sources, including power lines, weld-
ing equipment, RF devices, and nearby machinery. The interference can interfere
with voltage signals and disrupt communication between THC components, caus-
ing errors and inaccuracies in THC operations. To prevent EMI, measures like
shielding, grounding, and filtering are typically used. Shielding is the process of
enclosing THC components in a conductive material to reduce the effects of EMI.
Grounding involves connecting THC components to a common ground to prevent
voltage fluctuations. Filtering involves using capacitors and inductors to reduce
the amount of high-frequency noise that can interfere with THC signals. Despite
these measures, EMI can still be a significant challenge, particularly in industrial
settings with high levels of interference. Advanced signal processing algorithms
and noise-rejection techniques can be used to make THC systems more robust
against EMI. These techniques can help reduce the effects of EMI and improve the
accuracy and reliability of THC systems. One such technique is adaptive filtering,
which involves adjusting the filter parameters based on the input signal. This
technique can help reduce the effects of EMI by dynamically adjusting the filter
to match the signal characteristics. Another technique is digital signal processing,
which involves processing the THC signals using mathematical algorithms. This
technique can help reduce the effects of EMI by removing unwanted noise from
the signal.

In conclusion, EMI can be a major problem for THC systems in industrial set-
tings. To protect against EMI, measures like shielding, grounding, and filtering are
often used. Advanced signal processing algorithms and noise-rejection techniques
can also be used to make THC systems more robust against EMI. By taking these
measures, THC systems can operate accurately and reliably in even the most chal-
lenging industrial environments.

III.5.4 Dynamic Cutting Conditions

The importance of THC (torch height control) systems cannot be overstated in
modern cutting applications. These systems are designed to ensure that the torch-
to-work-piece distance is maintained at a constant level, which helps to ensure
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that the cutting process is consistent and efficient. However, THC systems need to
contend with a range of dynamic changes in cutting conditions, which can pose
a significant challenge. One of the primary challenges that THC systems face is
the variation in material thickness. When transitioning from thin to thick sections
of material, THC systems need to make rapid adjustments to the torch height to
maintain optimal cutting performance. This is because the ideal torch height will
differ depending on the thickness of the material being cut. THC systems that are
not able to adapt quickly to these changes can result in inconsistent cut quality
and reduced efficiency. In addition to changes in material thickness, THC systems
also need to contend with variations in cutting speed, torch angle, and cutting
orientation. These changes can occur rapidly, and THC systems need to be able
to adapt in real-time to ensure that the cutting process remains consistent and
efficient. Achieving responsive and adaptive torch height control under dynamic
cutting conditions requires sophisticated control algorithms, fast-acting actuators,
and accurate feedback mechanisms. To ensure that THC systems are able to cope
with these dynamic changes, there has been significant development in recent
years. The latest THC systems are equipped with advanced algorithms that can
predict changes in cutting conditions and make adjustments in real-time. They
are also equipped with fast-acting actuators that can respond quickly to changes
in cutting parameters. Additionally, accurate feedback mechanisms ensure that
the THC system is always aware of the torch-to-work-piece distance, even when
cutting conditions change rapidly.

In conclusion, THC systems are essential for modern cutting applications.
They ensure that the torch-to-work-piece distance is maintained at a constant
level, which helps to ensure consistent cut quality and efficiency. However, THC
systems need to contend with dynamic changes in cutting conditions, which can
pose a significant challenge. To ensure that THC systems are able to cope with
these changes, they need to be equipped with sophisticated control algorithms,
fast-acting actuators, and accurate feedback mechanisms. With these features, THC
systems can adapt quickly to changes in cutting conditions and ensure that the
cutting process remains consistent and efficient.

III.5.5 Torch Collision Detection

The use of THC systems in cutting processes has revolutionized the manufacturing
industry, providing increased precision and efficiency in metal fabrication. How-
ever, the accidental bumping of the torch against the work-piece or fixture can pose
a significant risk to these systems and compromise their effectiveness. In addition
to damaging equipment and consumables, collisions can also result in work-piece
damage, leading to costly repairs and delays in production. Fortunately, many
THC systems now incorporate collision detection features that can mitigate the
risks of such incidents. These advanced systems use algorithms to detect collisions
in real-time, allowing for prompt intervention and preventing further damage.
However, the complexity of modern cutting processes can make it challenging
for collision detection algorithms to strike a balance between sensitivity and ro-
bustness. Sensitivity is crucial to ensure that the THC system can detect collisions
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promptly and prevent further damage. At the same time, it is essential to avoid
false alarms and unnecessary interruptions that can disrupt the cutting process
and reduce efficiency. Therefore, collision detection algorithms must be designed
to be robust enough to identify genuine collisions while filtering out false posi-
tives. Physical safeguards are also used to protect THC systems and maintain their
integrity. Proximity sensors can detect the proximity of the torch to the work-piece,
allowing the THC system to adjust the cutting height accordingly. Mechanical
stops can prevent the torch from colliding with the work-piece or fixture, reducing
the risk of damage. Torch mounts that can withstand collisions are also used to
protect the THC system, ensuring that it remains stable and secure during the
cutting process.

In conclusion, the accidental bumping of the torch against the work-piece or
fixture can have severe consequences for THC systems, leading to equipment,
consumables, and work-piece damage. However, with the use of advanced colli-
sion detection features and physical safeguards, the risks of such incidents can be
mitigated, ensuring the continued effectiveness and efficiency of THC systems in
the manufacturing industry.

III.5.6 Arc Stability and Control

The process of plasma cutting involves the use of a high-energy plasma arc to
melt and remove material from a work-piece. The success of this process is highly
dependent on the stability and control of the plasma arc. Any changes in the be-
havior of the arc, whether it be its shape, length, or voltage, can have a significant
impact on the quality of the cut. Therefore, it is imperative to have a system in
place that is capable of maintaining a consistent distance between the torch and
work-piece, while also precisely controlling cutting parameters. There are several
cutting parameters that can influence the behavior of the plasma arc, including gas
flow rates, torch design, power settings, and material properties. These parameters
can be adjusted to optimize the performance of the THC system, ensuring that
the plasma arc remains stable and consistent throughout the cutting process. In
addition, adaptive adjustment strategies can be implemented to accommodate
dynamic changes in cutting conditions, such as variations in material thickness or
changes in the shape of the work-piece. To further improve the performance of
THC systems, arc control algorithms, sensor feedback loops, and plasma system
configurations can be optimized. By doing so, the THC system can become more
responsive and accurate, ensuring reliable performance in a wide range of cutting
scenarios. For example, by using advanced algorithms to monitor the behavior of
the plasma arc, the system can make real-time adjustments to maintain a stable
and consistent arc.

In conclusion, the stability and control of the plasma arc are critical factors in
the success of THC systems. By maintaining a stable arc and precise control of
cutting parameters, THC systems can provide reliable and high-quality cuts in a
wide range of cutting scenarios. By constantly improving the algorithms, feedback
loops, and plasma system configurations, THC systems can become even more
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accurate and responsive, further enhancing their performance and efficiency.

III.5.7 System Integration and Compatibility

Integrating THC (torch height control) systems with existing CNC (computer
numerical control) machines, plasma cutters, or welding systems can be a complex
and daunting task. The process involves ensuring compatibility between various
hardware and software components, communication protocols, and control in-
terfaces. Additionally, adding THC systems to older equipment or proprietary
systems may present additional obstacles, as compatibility issues and interoper-
ability limitations may restrict the availability or effectiveness of THC solutions
for certain applications. One of the main challenges when integrating THC sys-
tems with existing machinery is compatibility. Different machines use different
hardware components, and not all THC systems are compatible with all machines.
Therefore, before attempting to integrate a THC system, it is essential to verify that
the system is compatible with the machine’s hardware and software components.
Compatibility issues can arise due to different communication protocols or control
interfaces, which can result in the THC system not functioning correctly. Further-
more, interoperability limitations can also present challenges when integrating
THC systems with existing equipment. For example, an older machine may not
have the necessary software or firmware to communicate with a THC system. In
such cases, it may be necessary to upgrade the machine’s software or firmware
to enable communication with the THC system. Another challenge when inte-
grating THC systems with existing equipment is achieving a smooth integration
with other automation systems. For instance, a robotic arm may be used to move
the work-piece during the cutting or welding process. The THC system must be
able to communicate with the robotic arm, which requires careful coordination
and collaboration among multiple parties. To successfully overcome these inte-
gration challenges, a comprehensive approach to system design is necessary. This
approach must encompass hardware compatibility, software interoperability, and
user interface consistency to provide seamless and unified solutions that cater to
the specific requirements of end-users. In addition, clear communication between
all parties involved in the integration process is essential to ensure that all aspects
of the integration are addressed and that the system functions correctly.

In conclusion, integrating THC systems with existing CNC machines, plasma
cutters, or welding systems is a complex process that requires careful planning and
coordination. By addressing the compatibility, interoperability, and automation
challenges, it is possible to achieve a seamless and unified solution that meets the
specific needs of end-users.

III.5.8 Cost and Complexity

In today’s manufacturing industry, the use of THC systems has become increas-
ingly prevalent due to their numerous benefits, including improved cutting quality,
productivity, and automation. However, acquiring, setting up, and maintaining
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these systems can be expensive, especially for smaller or budget-limited opera-
tions. The intricate nature of THC systems, with their electronic parts, sensors,
controls, and interfaces, can also present challenges when it comes to installation,
calibration, and problem-solving. One of the biggest challenges in implementing
THC systems is training staff to effectively operate and maintain them. This re-
quires both time and resources, which may discourage some users from adopting
these technologies. Consequently, it is essential to carefully consider the overall
cost of owning THC systems, including ongoing maintenance, calibration, and
software updates, in order to evaluate their economic feasibility and return on
investment. Despite these challenges, the benefits of THC systems cannot be ig-
nored. They offer a significant improvement in cutting quality, resulting in a more
precise and accurate cut every time. This is especially important in industries such
as aerospace, automotive, and medical, where precision is key. THC systems also
increase productivity by reducing the time required for cutting and reducing ma-
terial waste. Additionally, automation reduces the need for manual labor, resulting
in a more efficient manufacturing process. To achieve successful implementation
of THC systems, it is essential to strike a balance between the advantages and
the associated costs and complexities. Manufacturers must carefully evaluate their
specific needs and determine whether the benefits outweigh the costs. While THC
systems may be expensive, they can provide a significant return on investment in
the long run. Proper training, maintenance, and calibration are essential to ensure
that the systems operate at optimal levels and continue to provide the expected
benefits.

In conclusion, the use of THC systems in the manufacturing industry offers
numerous benefits, but the associated costs and complexities must be carefully
evaluated. A well-informed decision on whether to implement THC systems
requires a thorough understanding of the specific needs of the manufacturing
operation and the potential benefits and drawbacks of the technology. By striking
a balance between the advantages and costs, manufacturers can achieve successful
implementation and reap the benefits of improved cutting quality, productivity,
and automation.

III.5.9 Overcoming Challenges in Modern Manufacturing

The modern manufacturing industry is facing numerous obstacles and constraints
that are limiting its growth and potential. The use of traditional technology and
methods has resulted in limited efficiency and productivity, leaving manufacturers
struggling to keep up with the changing market trends and demands. To ad-
dress these challenges, a comprehensive strategy is needed that will explore the
various aspects of technology, research, standards, training, and education, and
foster collaboration among industry players. One of the primary obstacles faced
by manufacturers is the limited technological advancements in the industry. The
use of outdated technology and equipment has resulted in low efficiency, slow
production, and high costs. To overcome this challenge, manufacturers must invest
in new and advanced technologies that can streamline their processes, improve
productivity, and reduce costs. This can be achieved through research and devel-
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opment aimed at identifying and developing new technologies that are tailored
to meet the specific needs of the manufacturing industry. Another key aspect that
needs to be addressed is the need for setting standards that ensure quality and
consistency in manufacturing processes. This will not only help manufacturers to
meet the demands of their customers but also help them to compete effectively
in the global market. By adhering to strict quality standards, manufacturers can
produce high-quality products that meet the needs and expectations of their cus-
tomers. Providing training and education is also a crucial aspect of overcoming the
challenges faced by manufacturers. By providing employees with the necessary
training and education, manufacturers can improve their efficiency and productiv-
ity, reduce the risk of accidents and errors, and ensure that their employees have
the skills and knowledge required to meet the demands of modern manufactur-
ing. Finally, fostering collaboration among industry players is another key aspect
of overcoming the obstacles and constraints facing the manufacturing industry.
By working together, manufacturers can share ideas, resources, and knowledge,
and develop new and innovative solutions to the challenges facing the industry.
This can be achieved through partnerships, joint ventures, and other collaborative
efforts aimed at improving the efficiency and productivity of the manufacturing
industry.

In conclusion, the modern manufacturing industry is facing numerous chal-
lenges and constraints that are limiting its growth and potential. However, by
adopting a comprehensive strategy that addresses the various aspects of technol-
ogy, research, standards, training, and education, and fosters collaboration among
industry players, manufacturers can overcome these challenges and fully unleash
their capabilities in today’s manufacturing settings.

III.6 Future Directions and Potential Developments in

THC systems

III.6.1 Integration of artificial intelligence

The integration of Artificial Intelligence (AI) into Torch Height Control (THC)
systems is a revolutionary breakthrough in the manufacturing industry. With AI,
THC systems can now analyze intricate data patterns, predict cutting conditions,
and control torch height in real-time. These cutting-edge technologies have trans-
formed the way manufacturers operate, providing a host of benefits that were
previously unimaginable. One of the most significant advantages of AI-powered
THC systems is their ability to learn from past cutting data, sensor inputs, and
operator adjustments. This machine learning capability enables these systems to
constantly improve cutting performance and adapt to changes in the process. By
analyzing data and identifying patterns, the system can make predictions about
cutting conditions and adjust the torch height accordingly, providing a precise
and accurate cut every time. Additionally, the integration of AI into THC systems
has revolutionized the way manufacturers approach energy usage. With AI, THC
systems can optimize energy consumption, ensuring that energy is used efficiently
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and effectively. This not only reduces energy costs but also contributes to a more
sustainable manufacturing process, reducing the carbon footprint of the industry.
Moreover, AI-powered THC systems have significantly reduced setup times, en-
abling manufacturers to produce more in less time. By analyzing data and making
predictions about cutting conditions, the system can identify the most efficient way
to approach the cutting process, reducing the time it takes to set up the machine
and get it ready for production. Overall, the integration of AI into THC systems
has transformed the manufacturing industry, providing manufacturers with the
tools they need to improve their productivity, reduce costs, and optimize energy
usage. By harnessing the power of AI, THC systems can provide a higher quality of
cuts, reduce setup times, and ultimately improve the bottom line for manufacturers.

III.6.2 Advanced Sensor Technologies

The advent of new and advanced sensor technologies has brought about a sig-
nificant revolution in the field of THC systems. These technologies have opened
up exciting opportunities for improving the sensing capabilities and accuracy of
THC systems, allowing them to perform their tasks with greater precision and
effectiveness. One of the most remarkable sensor technologies that have brought
about this revolution is the 3D vision system. This technology furnishes THC
systems with intricate spatial details about the shape and surface of a work-piece.
With this information, the THC systems can adjust the torch height with greater
precision, resulting in more accurate cuts. Moreover, the 3D vision system provides
THC systems with the ability to detect and compensate for any variations in the
work-piece’s surface, thus ensuring consistent cutting quality. Another technology
that has revolutionized THC systems is laser distance sensors. These sensors pro-
vide valuable information about variations in material thickness, allowing THC
systems to adjust the cutting parameters accordingly. This ensures that the THC
systems can achieve better quality cuts that are consistent across various materials
and thicknesses. Additionally, thermal imaging cameras have also proven to be
a valuable tool for THC systems. These cameras provide temperature gradient
information that can be used to optimize cutting parameters, resulting in better
quality cuts.

In conclusion, the incorporation of new and advanced sensor technologies has
transformed THC systems, making them more efficient, accurate, and reliable. The
application of these technologies has opened up new opportunities for optimizing
cutting parameters and achieving consistent cutting quality across various materi-
als and thicknesses. As sensor technologies continue to evolve, we can expect even
more exciting developments in the field of THC systems.

III.6.3 Adaptive Control Strategies

With the advent of technology, the cutting industry has evolved significantly, and
the THC system is one such innovation that has taken the industry by storm. The
THC system is an acronym for Torch Height Control system, which is an auto-
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mated technology that controls the height of the cutting torch during the cutting
process. The THC system does not work in isolation but rather in conjunction with
various sensors and environmental conditions. The THC system uses real-time
feedback from sensors to adapt and change torch height and cutting parameters.
The sensors provide the THC system with information on material properties,
surface conditions, and cutting dynamics, which the THC system uses to make in-
formed decisions on the cutting process. The THC system uses closed-loop control
algorithms that constantly monitor cutting performance and make adjustments
to improve cut quality, speed, and efficiency. This means that the THC system is
continuously learning and adapting to changes in the cutting environment. The
THC system can adjust to changes in material properties, surface conditions, and
cutting dynamics, allowing it to achieve greater precision, reliability, and process
stability. The THC system’s ability to adapt to changes in the cutting environ-
ment has revolutionized the cutting industry. The THC system has significantly
improved the quality of cuts, reduced cutting time, and increased efficiency. This
has resulted in better overall performance and customer satisfaction.

In conclusion, the THC system is an innovative technology that has revolu-
tionized the cutting industry. The THC system’s ability to adapt to changes in
the cutting environment has significantly improved the quality of cuts, reduced
cutting time, and increased efficiency. As technology continues to evolve, we can
expect further advancements in the THC system, which will lead to even better
performance and customer satisfaction.

III.6.4 Multi-Sensor fusion

The field of torch height control (THC) has seen tremendous advancements in
recent times, and one of the most significant among them is the integration of
multi-sensor fusion methods. This approach involves the combination of informa-
tion from various sensors to enhance the overall performance of THC systems. By
merging data from distinct sensing techniques such as arc voltage sensors, capaci-
tive sensors, and height mapping sensors, THC systems can surpass the limitations
of individual sensors and achieve superior performance in demanding cutting
conditions. The use of multi-sensor fusion in THC systems has several advantages.
Firstly, it enhances precision, which is critical in achieving high-quality cuts. By
integrating multiple sensors, the THC system can measure the distance between
the torch and the work-piece with greater accuracy, ensuring that the torch stays
at the optimal height for the entire cutting process. Secondly, multi-sensor fusion
improves resilience, which is the ability of the THC system to withstand disrup-
tions or disturbances. By combining information from different sensors, the system
can identify and counteract any noise or interference that may affect the cutting
process. This results in a more reliable and consistent cutting performance. More-
over, multi-sensor fusion also enhances dependability, which refers to the ability of
the THC system to perform consistently over a long period. With multiple sensors
working together, the system can maintain its performance even if one sensor
fails or malfunctions. This ensures that the THC system can operate continuously
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without any significant downtime or interruptions.

In conclusion, the integration of multi-sensor fusion methods in THC systems
has revolutionized the field of torch height control. By combining information
from various sensors, THC systems can achieve superior performance, precision,
resilience, and dependability. This approach has become increasingly popular in
the manufacturing industry, where high-quality cuts are essential for producing
top-notch products. The use of multi-sensor fusion has undoubtedly contributed to
the growth and advancement of THC systems, and it will continue to be a critical
area of research in the future.

III.6.5 Enhanced Human-Machine interaction

As the use of THC systems continues to grow in industries such as manufactur-
ing and construction, it is becoming increasingly important to improve the way
operators interact with and control this equipment. In order to meet this need,
advanced HMI technologies are being developed that will revolutionize the way
that THC systems are operated. One of the most promising of these technologies
is augmented reality (AR) displays. By using AR, operators can have a more
immersive experience, seeing real-time adjustments, cutting paths, and diagnostic
information overlaid onto their view of the equipment. This allows them to quickly
and easily make adjustments as needed, without having to take their eyes off the
task at hand. Another exciting development is the use of gesture recognition and
voice-controlled interfaces. These intuitive ways of interacting with THC systems
allow for hands-free operation, quick adjustments, and improved awareness dur-
ing cutting operations. Operators can simply gesture or speak commands, and
the equipment will respond accordingly. This not only improves efficiency and
productivity, but also reduces the risk of accidents and injuries caused by operator
error. In addition to these technologies, there are also efforts underway to develop
more advanced diagnostic tools that can help operators identify and troubleshoot
issues with their THC systems more quickly and accurately. By combining these
tools with the latest HMI technologies, it is possible to create a truly intelligent
and responsive THC system that can adapt to the needs of operators and provide
them with the tools they need to succeed. Overall, the future of THC systems looks
bright, with a range of exciting and innovative technologies set to transform the
way that they are operated and controlled. Whether it is through the use of AR
displays, gesture recognition, or advanced diagnostics, these technologies promise
to make THC systems more efficient, more effective, and safer for operators to use.
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III.7 Conclusion

To sum up, Torch Height Control (THC) systems play a crucial role in today’s
manufacturing processes by providing accurate and automated control of torch
height during plasma cutting and welding tasks. Throughout this chapter, we have
explored different aspects of THC systems, starting with their functionality and
significance in the manufacturing industry. We have also examined various types
of THC systems, ranging from manual adjustments to advanced proportional inte-
gral derivative (PID) systems, each offering unique advantages and capabilities. It
is important for manufacturers to understand the pros and cons of THC systems
in order to make informed decisions about their implementation, considering fac-
tors such as cut quality, productivity, and cost-effectiveness. Additionally, we have
explored the diverse applications of THC systems in industries like automotive,
aerospace, construction, and fabrication, highlighting their versatility and effec-
tiveness in achieving precise and efficient cuts across different materials and thick-
nesses. Despite their numerous benefits, THC systems do come with challenges
and limitations, including issues related to material variations, surface contamina-
tion, and electromagnetic interference. However, by embracing new technologies
and taking a collaborative approach to innovation, manufacturers can overcome
these obstacles and fully utilize the potential of THC systems in modern man-
ufacturing settings. The advancements and possibilities in THC systems present
exciting prospects for improving sensor technologies, adaptive control strategies,
human-machine interaction, and energy-efficient plasma technologies. By utilizing
these innovations and tackling important obstacles, manufacturers can boost pro-
ductivity, improve quality, and promote sustainability in their cutting and welding
processes. This, in turn, will foster ongoing growth and innovation in the manufac-
turing industry.
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IV.1 Introduction

In this chapter, we will delve into the fascinating world of THC devices and explore
the intricate process of creating one. We will take you through the various steps
that we followed to bring our device to life, the type of device that we designed,
and the components that were involved in its creation.

Our journey began with extensive research on the various types of THC devices
available in the market and the different components that are required to build
one. We carefully selected the components that we felt would be best suited to our
device and started experimenting on the ground.

As we progressed, we encountered several challenges and obstacles that we
had to overcome. We made several changes to our design, tweaking various com-
ponents, and experimenting with different combinations until we achieved the
desired results.

One of the most significant challenges we faced was ensuring that our device
was safe to use. We had to carefully consider the materials used, the voltage levels,
and the overall design to ensure that it was safe for human use.

Despite the challenges, we persevered, and our hard work paid off. We finally
managed to create a THC device that exceeded our expectations, and we were
thrilled with the results.

In conclusion, this chapter will take you on a journey through the intricate
process of creating a THC device. We will share our experiences, the challenges we
faced, the changes we made, and the final outcome. It is our hope that this chapter
will inspire you to explore the exciting world of THC devices and perhaps even
embark on a journey of your own.
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IV.2 Proposed Architecture and Components

IV.2.1 CNC Plasma Machine Structure diagram

A CNC Plasma Machine Structure diagram illustrates the key components and lay-
out of a CNC (Computer Numerical Control) plasma cutting system. This diagram
typically includes the gantry, which houses the plasma torch and moves along the
X and Y axes to perform precise cuts. The machine bed supports the material being
cut and often includes a water table or downdraft system to manage fumes and
debris. The Z-axis mechanism adjusts the height of the plasma torch for optimal
cutting distances.
Additionally, the diagram highlights the CNC controller, which interprets design
files and controls the machine’s movements. Other crucial elements shown might
include the plasma power supply, which generates the plasma arc, and various
safety features like emergency stop buttons and protective shields. This detailed
visualization helps in understanding the integration and function of each part
within the CNC plasma cutting process.

Figure IV.1 – CNC Plasma Machine Structure

This integrated system of elements allows CNC plasma cutting machines to
achieve metal cutting with complex.

The THC system plays an essential role in the CNC machine system, as it
basically ensures the quality of parts.

IV.2.2 The Torch Height Controller Mathematically

Mathematically, the Torch Height Controller (THC) operates using principles of
control systems and feedback loops. The core mathematical concept behind THC
operation involves maintaining a target arc voltage Vtarget which corresponds to
the desired torch height above the work-piece. Here’s a step-by-step outline of the
process:
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Error Calculation

The error signal e(t) is calculated as the difference between the target arc voltage
and the measured arc voltage:

e(t) = Vtarget − Varc(t)

The Mathematical Process

e(t) < −5 => UP

If the error is less than -5, The THC send Signal UP.

e(t) > 5 => DOWN

If the error is bigger than 5, The THC send Signal DOWN.

−5 < e(t) < 5 => GOOD

If the error is between -5 and 5, The THC does not send any Signal to keep the
height of torch as it is .

This control signal directs the Z-axis motor to adjust the torch height, thereby
correcting the error. The system repeats this process continuously, ensuring the
torch remains at the optimal height for cutting. This feedback loop stabilizes the
cutting process and maintains high precision.

After many experiments we conducted in the workshop, we set the following
table, contains the ideal amperage and the adjustment voltage for each material
thickness, Only the materials we tested on.

Table IV.1 – Ideal parameters for a Perfect Cut

material Ideal Cutter Amperage Ideal Adjustment voltage
1.5 mm 30 A 78 V
2 mm 45 A 90 V

2.5 mm 63 A 95 V
3 mm 70 A 103 V

3.5 mm 73 A 100 V
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IV.2.3 The Proposed Solution Architecture

The design and planning process for a project involves several crucial steps that
ensure the successful implementation of the project. Here’s a detailed overview of
the key aspects involved in the design and planning process.

We divided the THC device that we made into six levels according to what
we saw as practicable, applicable, easy to understand, easy to maintain, and as
inexpensive as possible, within the framework of what we mentioned previously
about the goals of the project. Each level is divided into components that we will
mention in the following.

Figure IV.2 – Device structure
’

This figure presents a structural diagram of the THC device we made, show-
casing its layout. At the center, the main circuit board is prominently featured,
displaying a network of interconnected pathways and microchips essential for the
device’s functionality. Surrounding this core are various modules, including the
power supply unit, input/output ports, Each layout is labeled clearly, providing a
comprehensive overview of the device’s architecture and the interplay between its
different parts. This visual representation not highlights the complexity of modern
electronic design.

IV.2.4 Voltage Divider(Sensor)

A voltage divider is a simple circuit used to scale down a high voltage to a lower
voltage that can be safely measured by electronic devices like microcontrollers or
analog-to-digital converters (ADCs). It is commonly used in CNC plasma cutting
systems to measure the arc voltage between the plasma torch and the work-piece.
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This is a device that reduces the arc voltage from the plasma

Figure IV.3 – voltage divider
’

This figure presents the voltage divider we are using in our THC device.

cutter to a level that can be read by the CNC controller. The voltage divider
is typically connected to the positive and negative lugs of the plasma cutter and
sends the reduced voltage signal to the CNC controller.

Vs =
(R2.Ve)
R1 + R2

(IV.1)

R1,R2 : are the resistances in the circuit (Ω).
Vs: is the low voltage that inters the processing (Volt).
Ve is the high voltage comes from the CNC machine (Volt).

we used (R1= 30 kΩ±1%)and(R2 = 1kΩ ±1%),
so Vs must be

Vs =
1

31
× Ve (IV.2)

The voltage error :

∆V = (
Vmax − Vmin

Vnominal
)× 100 (IV.3)

We take an example Ve = 1v, than we calcul the error, Vmax = 0.0329v, Vmin =
0.0316v, Vnominal = 0.0323v.

We find :
∆V = ±3.98%

(IV.4)
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IV.2.5 Security and Protection

To safeguard a circuit, using a protection level, in our device Zener diode and a
follower amplifier (usually an op-amp set up as a voltage follower or buffer) is
necessary. The Zener diode curbs the voltage to a secure level, while the follower
amplifier buffers the signal and gives insulation. Here’s a detailed rundown on
how to achieve this:

Zener Diode

The Zener diode is a unique component that permits current to move in the oppo-
site direction should the voltage surpass a predetermined level, called the Zener
breakdown voltage. Its function is to clamp the voltage and ensure the safety of
the components downstream.

Figure IV.4 – zener diode
’

This figure presents the zener diode in our circuit and how it get placed.

Voltage Follower (Buffer Amplifier)

Normally, an op-amp is set up to have a gain of one. This enables it to offer a
high level of input impedance, low output impedance, and stage isolation while
preserving voltage levels.
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Figure IV.5 – Voltage Follower
’

This figure presents the Voltage Follower and how get connected in the circuit.

In this circuit, the input signal is connected to the non-inverting input of the
op-amp, and the output of the op-amp is connected to the inverting input. This
connection ensures that the output voltage follows the input voltage, making it a
unity-gain amplifier.

IV.2.6 Logic Power Supply

In order to ensure the proper functioning of the relay module and other electronic
components, a reliable and efficient power supply is required. This power supply
plays a crucial role in providing the necessary voltage and current to these compo-
nents, which are responsible for performing various tasks and operations. Without
a stable and consistent power supply, these components may fail to operate cor-
rectly and may even become damaged over time.

The power supply must be carefully selected based on the specific requirements
of the relay module and other components. This includes considering factors such
as the voltage and current ratings, as well as any specific requirements for input
voltage or frequency.

In addition to providing the necessary power to the components, the power
supply must also be designed to handle any fluctuations or variations in the input
voltage or current. This can be achieved through the use of voltage regulators,
filters, and other components that help to stabilize the output voltage and current.

Overall, the power supply is a critical component in any electronic system, and
its proper selection and design can have a significant impact on the performance
and reliability of the system as a whole.

Types Of Power Supply In The Circuit

In our device circuit we need two different types of power sources, or rather two
different levels of power, both of which are DC logic current.
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The first source we need is a DC power supply with a range of [10v;12v],for the
supplying the Voltage Follower (Buffer Amplifier).

The second source we need is a DC power supply 5v,for the other electronic
parts and logic circuit .

In order to ensure the simplicity of the design and the simplicity of the device,
we will use a voltage regulator V5. This allows us to use a single source of power,
which as we said before [10v ;12v],

• Voltage regulator
A voltage regulator is an electronic circuit that maintains a constant output
voltage despite changes in input voltage and load. It is designed to ensure
a stable DC output voltage, which is crucial for the proper functioning of
electronic devices and circuits.

Figure IV.6 – voltage regulator
’

This figure presents the voltage regulator we used in our circuit design and its pins.

IV.2.7 Processing And Soft-wear

Processing

The processing unit, specifically the Central Processing Unit, plays a crucial role
in devices, It is the brain of the device, responsible for executing instructions and
performing tasks.

In our THC device that we made, in order to ensure speed of processing and
accuracy of reading and execution, we chose Atmega328p from Atmel company
(part of Microchip Technology).
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• The Atmega328p is a popular and widely used 8-bit AVR microcontroller
that is known for its efficiency, flexibility, and ease of use. Its low power
consumption, large flash memory, and various interfaces make it suitable for
a wide range of applications.

Figure IV.7 – The Atmega328p
’

This figure presents the microcontroller we are using witch is Atmega328p.

The Atmega328p has analog pins, which means we can read the value directly
after the protection circuit, that means we do not need any captor of tension.

Through the equation we mentioned previouslyIV.5, we can accurately know
the real voltage read.

As we mentioned previously, the microcontroller contains analog pins. In the
same way, we can adjust the voltage that we want to stabilize at.

Figure IV.8 – The Atmega328p Pins
’

This figure presents Atmega328p Pins, and shows the analog pins in it.
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Soft-wear

The software used in the THC for CNC plasma cutting is crucial for ensuring
precise and accurate cuts. The software used includes features such as automatic
torch height control, automatic arc voltage control, and automatic cutting speed
control.

The written program compares the tension entering the CNC machine and
compares it to the tension necessary for perfect cutting, in addition to some ad-
ditions such as displaying operations through a (20X4) LCD screen I2C, sending
commands to UP or DOWN, and stopping the process if there is no tension enter-
ing the THC.

We have written the program in C++ language, for ease of use, through the
Arduino IDE program, and injected the program using USB ASP and Programmer
FAI.

(a) Part 1 (b) Part 2

Figure IV.9 – The Code
’

Those pictures presents the code C++ we need and we wrote for the THC
device we made.
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Figure IV.10 – The USB ASP and the programmer FAI
’

This figure presents the The USB ASP and the programmer FAI we used to
inject the program in the microcontroller Atmega328p.

IV.2.8 Adjustment

The adjustment part of the device is adjusting the value of the ideal cutting voltage.
It is only a simple part based on a variable resistance.
As we mentioned previously, the microcontroller has analog inputs, where we can
read the value of the variable resistance, and through a mathematical equation,
convert it to the value to which we want to adjust the machine’s voltage.(but for
reading the right value of the variable resistor we have to apply the internal resis-
tor).

VAL = (ADJUST × 5
1023

+ 5)× 15 − 20 (IV.5)

VAL :is the value to which we want to adjust the machine’s voltage (Volt).
ADJUST: is the value we read without any editing.
(5)/(1023)+5: is the value we have to apply to read the the right value of the

variable resistor.
×15-20: the setting we apply to get the right results witch is between 55 volt and

130 volt [55;130](Volt).

IV.2.9 Relay Module

The relay module is typically used to switch high-voltage signals, such as those
found in plasma cutting applications, on and off. It acts as an electrical switch,
allowing the THC system to control the flow of power to the plasma torch and
other components. This module is particularly useful in situations where the THC
system needs to control the plasma torch’s ignition, arc voltage, or other functions
that require high-voltage switching.
The relay module is used to control the 24V power supply to the THC. This allows
the system to turn the THC on and off as needed, ensuring proper operation and
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safety during plasma cutting operations.
To ensure this we have chosen optocouplers.
An optocoupler, also known as an optoisolator or photocoupler, is an electronic
device that allows an electrical signal to be transmitted between two isolated cir-
cuits. It is made up of an LED emitter combined with a photodetector, separated
from each other in proximity.

(a) figure 1 (b) figure 2

Figure IV.11 – The Optocoupler
’

Those figures show the PC817 Optocoupler and its working principle.

The PC817 Optocoupler, are commonly used components in THC systems to
provide electrical isolation between different parts of the system. They consist of a
light-emitting diode (LED) and a photodetector, separated by a transparent barrier.
When an electrical signal is applied to the LED side, it emits light that is detected
by the photodetector, allowing for signal transmission without direct electrical
connection.

IV.2.10 Other Components

The THC device we manufactured contains additional components that ensure
smooth operation of the device and easy access as LCD screen, and I2C, and the
source of power (12v DC), and push-button for reset.
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Figure IV.12 – LCD screen and I2C
’

This figure presents the LCD Screen we used and the I2C to facilitate displaying.

IV.3 The Realization And Testing

IV.3.1 Simulation

In order to structure the device and achieve the highest amount of performance, It
is necessary to try this out in a simulation before moving on and structuring the
device.

We simulated everything mentioned above, using the Proteus 8 Professional
program, and through several attempts, we reached what we consider to be the
best performance of the device.
Proteus 8 Professional is a software tool suite used primarily for electronic design
automation (EDA). It is part of the Proteus Design Suite, a comprehensive suite
of tools for designing, testing, and laying out professional printed circuit boards
(PCBs).
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Figure IV.13 – The Simulation on Proteus 8 Professional
’

This figure shows the simulation of the device on the Proteus 8 Professional we
created, we replaced the CNC machine with variable resistor.

And after injecting the program throw HEX file into the microcontroller now
we can try the simulation.
as we see the simulation design working properly, after adjust the value we need
we simulate the voltage interring with the resistor we mentioned before we can see
everything works.

(a) figure 1 (b) figure 2

Figure IV.14 – UP And DOWN Simulation
’

Those figures show the simulation we did to make sure UP and DOWN work-
ing properly.

After we made sure that the device worked perfectly in the simulation, with
the same program we created the PCB schema, where we obtained the following
schema:
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Figure IV.15 – The PCB Schema
’

This figure shows the PCB schema we created to print the circuit of the THC.

IV.3.2 Realization

After print the PCB schema and create the the circuit, we soldered the electronic
components and injecting the sketch inside the microcontroller with USB ASP
programmer. we present the finale product:

Figure IV.16 – The Device Circuit
’

This is a picture presents the circuit we made ,the THC we made.
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After creating the main circuit, we need to place it in suitable frame, we tried
this frame and we think it is proper for the design and the circuit.

Figure IV.17 – The Final THC products
’

this is a picture presents the final products of our made THC in his frame body.

IV.3.3 Testing

After manufacturing, installing, and injecting the code to the microcontroller, we
made sure that the device receives power, and that the device is displayed on the
screen as we see in the previous figure IV.21. All we have to do is install the device
on the CNC machine by connecting the necessary wires. as follows:
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Figure IV.18 – Wiring THC
’

This is a picture presents the right way we should wire the THC device.

Operation

The operation of a THC is crucial in ensuring accurate and safe plasma cutting. The
THC is responsible for monitoring the plasma cutter’s arc voltage and adjusting
the torch height accordingly.

(a) figure 1 (b) figure 2

Figure IV.19 – The Signal Is Sent And Arrived
’

Those figures show that the THC is working very well and signal is reaching
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the CNC machine soft-wear.

Results

The results of testing the THC CNC plasma system will depend on various factors,
including the quality of the components, the accuracy of the system’s adjustments,
and the operator’s skill level.

(a) Good Cut (b) Bad Cut

Figure IV.20 – The Comparison
’

Those figures show the Results of the test cut and the difference between the
cut with THC and without.

We are thrilled to report that our THC system is functioning flawlessly, deliver-
ing precise and consistent torch height control throughout the cutting process. The
system’s ability to accurately monitor arc voltage and adjust the torch height ac-
cordingly has significantly improved the overall quality of my cuts, reducing dross
and ensuring a cleaner finish. Additionally, the THC’s automatic adjustments have
allowed me to maintain a consistent cutting distance, which has extended the life
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of the plasma cutter’s consumables and minimized the risk of accidents. With this
reliable and efficient system in place, We are confident in our ability to tackle even
the most complex cutting tasks with precision and confidence.

IV.3.4 THC Tips And Best Practices

Mastering Torch Height Control (THC) is the key to achieving clean, consistent cuts
and unlocking the full potential of your plasma setup. This guide dives deep into
the world of THC, equipping you with the knowledge and techniques to:

Proper Installing

In order to ensure the proper operation of the THC device, you must ensure proper
installation of the machine, such as proper wiring, ensuring the device is compati-
ble with your CNC machine, and ensuring stable power in the workshop.

Compatible Software And Proper Software

It is certain that programs that are not installed well will cause problems in the
functioning of the device, and programs with broken-jailed will not guarantee the
proper operation of the THC device, as well as complex programs that do not
provide smooth access to the CNC machine.

Therefore, we recommend the MACH3 program, as it is a very suitable pro-
gram for the THC device that we made, and it is smooth, easy, and provides great
security.

Using The Proper Parameters

• MACH3 is a software application that turns a standard personal computer
into a fully featured CNC machine controller. It’s used for controlling CNC
machines such as mills, Plasma cutting, routers, and other types of CNC ma-
chinery. Mach3 operates on the Windows operating system and provides an
interface between the user and the machine, converting G-code into electronic
signals that the machine can understand and act upon.

MACH3 Parameters

in order to ensure the proper operation of the MACH3 there is some parameters
you should make sure that they are right, as THC speed and THC max and THC
min, so we suggest those parameters:
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Figure IV.21 – MACH3 Parameters
’

This is a picture presents the perfect parameters in MACH3, those parameters
should make the THC function in the proper way.

To optimize the performance of the THC CNC Plasma system for cutting steel,
it is crucial to set the ideal parameters for the system. The parameters include the
pierce height, cut height, and arc voltage control. Here’s a detailed explanation of
each parameter and how to set them for optimal performance:

• Pierce Height: This is the initial height at which the plasma torch touches
the steel surface. It is set by the operator according to the plasma torch man-
ufacturer’s recommended pierce height for a given material and thickness.
The pierce height is typically set lower than the cut height to ensure proper
ignition of the plasma arc.

• Cut Height:This is the height at which the plasma torch cuts the steel. It is set
by the operator according to the plasma torch manufacturer’s recommended
cut height for a given material and thickness. The cut height is typically set
higher than the pierce height to ensure a clean cut.
Typically set 2 mm above the surface of the steel, depending on the thickness
of the steel and the plasma torch manufacturer’s recommendations.

• Arc Voltage Control:This is a critical parameter that controls the voltage of
the plasma arc during the cutting process. It is set to ensure the arc voltage is
within the optimal range for the specific material being cut. The arc voltage
control takes over a short distance into the cut, and the operator can adjust it
to maintain the optimal voltage for the specific material and thickness.
Typically set between 60-130 volts, depending on the specific material and
thickness being cut.
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By following these tips, you can significantly enhance the efficiency and preci-
sion of your CNC plasma cutting process. Properly configuring and utilizing the
THC settings is crucial in achieving optimal results.
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IV.4 Conclusion

In conclusion, the realization of THC in CNC plasma cutting is a crucial aspect
of achieving optimal cutting performance and minimizing the risk of damage to
the plasma torch or the work-piece. The THC system is designed to maintain the
plasma torch at the correct height above the material, ensuring a consistent and
precise cut.

The components involved in THC include the plasma torch, the CNC control
system, and the THC controller. The THC controller is responsible for monitoring
the plasma arc voltage and adjusting the torch height accordingly. This is achieved
through the use of sensors that detect changes in the arc voltage and send signals
to the THC controller, which then adjusts the torch height to maintain the optimal
cutting conditions.

Best practices for THC include setting the optimal pierce height, cut height, and
arc voltage control. The pierce height is set to ensure proper ignition of the plasma
arc, while the cut height is set to achieve the desired cut quality. The arc voltage
control is critical in maintaining the optimal cutting conditions and preventing the
plasma arc from becoming too hot or too cold.

Additionally, the THC system should be calibrated to ensure accurate readings
from the sensors. This involves adjusting the THC controller to match the specific
characteristics of the plasma torch and the material being cut. Regular maintenance
of the THC system is also essential to ensure optimal performance and prevent
any issues that may arise during the cutting process.

In summary, the realization of THC in CNC plasma cutting is a complex pro-
cess that requires careful consideration of the components involved, the settings
used, and the best practices employed. By following these guidelines, operators
can achieve optimal cutting performance and minimize the risk of damage to the
plasma torch or the work-piece.
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General Conclusion

The torch height controller (THC) is a technological advancement that has
revolutionized CNC plasma cutting. It automates the torch height adjustment
process, improving cut quality, consumable life, productivity, and operator safety.
The THC maintains a consistent distance from the material being cut, ensuring
consistent quality. It also allows the operator to focus on other aspects of cutting,
streamlining the process for increased efficiency. Additionally, the THC creates a
safer working environment by reducing the risk of injury and equipment damage.
Overall, THC technology has greatly improved the CNC plasma cutting industry
and will continue to do so as technology advances.

Torch Height Control (THC) systems are essential in manufacturing processes
as they provide precise and automated torch height control during plasma cut-
ting and welding. This chapter covers the functionality and significance of THC
systems, including different types ranging from manual adjustments to PID sys-
tems. Manufacturers should consider factors like cut quality and cost-effectiveness.
THC systems have diverse applications in industries such as automotive and
aerospace but face challenges like material variations and electromagnetic inter-
ference. Embracing new technologies and collaborative innovation can overcome
these obstacles and maximize their potential in modern manufacturing settings,
leading to improved productivity and sustainability.

The comparative analysis of plasma cutting with THC against alternative meth-
ods reveals insights into modern cutting technologies. Plasma cutting with THC
offers speed, cost-effectiveness, and versatility for thick material cutting in heavy
industries. Laser cutting excels in precision and edge quality for intricate designs.
Water-jet cutting suits applications needing material integrity. Oxy fuel cutting
remains viable for environments with limited electricity. Factors such as material
type, thickness, cut quality, and budget constraints determine the choice of cutting
method. Understanding these nuances optimizes cutting processes and enhances
manufacturing efficiency in an evolving landscape.

The integration of THC in CNC plasma cutting is essential for achieving pre-
cise cuts and protecting the plasma torch and work-piece. THC involves compo-
nents such as the plasma torch, CNC control system, and THC controller. The THC
controller monitors plasma arc voltage and adjusts torch height accordingly using
sensors. Best practices for THC include setting pierce height, cut height, and arc
voltage control. Calibration and regular maintenance are necessary to ensure accu-
rate readings and optimal performance. By following these guidelines, operators
can optimize cutting performance and minimize damage.
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