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ABSTRACT: This paper focuses on the evolution of Electrical Discharge Machining (EDM) machines in the context of 
metalworking and precision manufacturing. The aim of this research is to examine the technological evolution of EDM machines 
over the decades, highlighting significant innovations in the field. Additionally, we aim to emphasize their importance in the 
industry and explore current applications in sectors such as aerospace, medical, and automotive. EDM machines are a crucial 
component in the production of precision parts, contributing to cost reduction and increased efficiency. This paper underscores the 
technological advancements that have made this possible and demonstrates how they have influenced modern industrial production. 
This review is based on the analysis of relevant literature and previous research in the field of EDM machines. Scientific 
publications, books, and pertinent articles were examined to gather the necessary data for this study. The review highlights the 
technical evolution of EDM machines, from early models to state-of-the-art technologies such as Wire EDM and Sink EDM. It also 
underscores their significance in precision manufacturing and across a wide spectrum of industries. In conclusion, EDM machines 
remain an essential component of precision manufacturing and current technological developments. 
KEYWORDS: Electrical Discharge Machining (EDM), Precision Manufacturing, Technological Evolution, Industrial Applications, 
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1. INTRODUCTION  
In the current landscape of precision manufacturing 
and metalworking, Electrical Discharge Machining 
(EDM) stands as a pivotal technology. It has evolved 
significantly over the years, yet there remain critical 
gaps in our understanding and implementation of 
this technology. This study is essential to address 
these gaps and uncover novel insights into the world 
of EDM (figure 1). 
The necessity of this study stems from the rapidly 
evolving demands of modern industry. As 
manufacturing processes demand higher precision 
and efficiency, EDM has emerged as a key player. 
However, during its wide adoption, there is a clear 
need to comprehensively understand the 
technology's evolution, its current state, and its 
untapped potential. 
This study seeks to address the main literature gaps 
that have motivated our research. While existing 
literature provides valuable insights into EDM, it 
often lacks a comprehensive examination of its 
technological journey, current applications, and 
recent innovations. Our research aims to bridge 
these gaps by presenting a thorough analysis of 
EDM's historical evolution, its contemporary 

applications in industries like aerospace and medical 
devices, and its latest technological advancements. 

 
Figure 1. The necessity of this study 

One of the main original contributions of this 
research lies in its in-depth exploration of EDM's 
technological evolution and its practical 
implications. By examining the journey from early 
EDM machines to cutting-edge Wire EDM and Sink 
EDM technologies, we offer a fresh perspective on 
the field's growth and its potential to shape the future 
of precision manufacturing (figure 2). 
The primary research goals of this study are to 
provide a comprehensive overview of EDM's 
evolution, to analyse its pivotal role in precision 
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manufacturing, and to underscore the importance of 
its continued development. Through this research, 
we aim to offer valuable insights to scholars, 
practitioners, and industries relying on EDM 
technology. 

 
Figure 2. The research 

This paper is structured as follows: we begin with an 
overview of EDM's historical progression, followed 
by an analysis of its current applications across 
industries. We then delve into the latest 
technological advancements in EDM. Finally, we 
conclude by summarizing the key findings and their 
implications for the future of precision 
manufacturing. 

2. HISTORICAL PROGRESSION OF EDM 
In the 1940s, the concept of Electrical Discharge 
Machining (EDM) emerged because of early 
experiments. Visionaries like Lazlo Biro and Robert 
H. Roe were among the first to explore the potential 
of controlled electrical discharges for material 
removal. These pioneers laid the initial foundation 
for what would become a groundbreaking 
technology in precision manufacturing. 
Early EDM experiments primarily focused on 
removing metal material by subjecting it to electrical 
discharges, creating controlled sparks between the 
workpiece and an electrode. The precision and 

effectiveness of these early machines were limited 
compared to modern EDM systems. However, these 
pioneering efforts were essential steps toward the 
development of more sophisticated and precise 
EDM processes. 
The 1960s marked a crucial turning point in the 
history of EDM. During this period, significant 
innovations emerged, such as the introduction of 
Sink EDM. This technique allowed for efficient 
machining of intricate and complex shapes, 
expanding the scope of applications for EDM 
technology. 
The 1980s brought another milestone with the 
advent of Wire EDM. This technology 
revolutionized precision manufacturing by enabling 
the cutting of intricate contours with extreme 
precision. The use of a thin wire electrode, typically 
made of brass or tungsten, facilitated the creation of 
intricate parts that were previously challenging to 
produce with traditional machining methods. 
As the world entered the digital age, EDM 
underwent a transformation. The integration of 
computers and sophisticated control software 
revolutionized the precision and flexibility of EDM 
processes. CNC (Computer Numerical Control) 
systems became commonplace, allowing for precise 
and automated control of EDM operations. 
This digital transformation not only enhanced the 
precision of EDM but also made it more accessible 
to a wide range of industries. The ability to program 
complex toolpaths and optimize machining 
parameters with precision contributed to the 
widespread adoption of EDM in various sectors. 

 

 
Figure 3. Historical progression of EDM
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EDM's impact on various industries has been 
profound. In aerospace, the ability to produce 
intricate components with high precision has led to 
advancements in aircraft design and performance. In 
the medical industry, EDM has been instrumental in 
manufacturing critical components for devices such 
as surgical instruments and implants. Additionally, 
EDM has played a crucial role in the production of 
precision tools used in various applications. 
This chapter provides an overview of EDM's 
historical journey, from its early experimental days 
to its pivotal role in modern industrial processes. It 
sets the stage for the subsequent chapters, which will 
delve deeper into the current applications, 
technological advancements, and implications of 
EDM in precision manufacturing (figure 3). 
Electro Discharge Machining (EDM) utilizes heat 
energy to remove material from a workpiece by 
melting and vaporizing it through continuous 
electron flow. Dielectric fluids play a crucial role, 
influencing tool wear, material removal, and 
electrode surface roughness. While hydrocarbon-
based oils are common in EDM, they emit harmful 
pollutants. To enhance sustainability, various 
dielectric fluids, including vegetable oils, have been 
explored. The study [1] offers a comprehensive 
overview of dielectric fluids in EDM, aiming to 
make the process more sustainable and 
environmentally friendly. 
Thes research [2] focused on machining titanium 
alloy (Ti6Al4V) using electric discharge machining 
(EDM). Key process parameters like current, pulse 
on time, powder concentration, and gap distance 
were identified. Experiments were conducted with 
varying parameters, and results showed improved 
material removal rate (MRR), reduced tool wear rate 
(TWR), and enhanced surface roughness (Ra). 
Interaction effects were analysed through contour 
plots and mathematical modelling. Optimization was 
done using the TOPSIS technique for better 
machining performance. 
The study [3] explores Fiber Refinement Polymer 
Composites (FRPCs), which find applications in 
various industries. Despite their advantages, there's a 
lack of research on their machinability. This review 
discusses the challenges in machining FRPCs and 
covers both conventional and unconventional 
machining processes. 
The paper [4] compares prediction models for wire 
electrical discharge machining (WEDM) using 
response surface methodology (RSM) and artificial 
neural network (ANN). Experiments on Inconel 718 
superalloy identified key control factors and 

performance attributes. The ANN model, with 
double hidden layers, outperformed the RSM model 
in prediction accuracy. The Non-Dominated Sorting 
Genetic Algorithm-II (NSGA-II) was used to 
determine optimal WEDM conditions from multiple 
objectives. 
The study [5] explores the impact of discharge 
energy distribution and process parameters on white 
layer formation in electrical discharge machining 
(EDM) of stainless steel. A modified pulse energy 
generator system was used, and iso-energy pulse 
generation produced thinner and more symmetrical 
white layers due to lower and uniform energy 
distribution. Peak current was identified as a 
significant factor influencing white layer formation 
in EDM. 
The study [6] introduces an electrochemical 
machining (ECM) process for microcavity 
fabrication using deionized water (DI-water) and 
alumina powder polishing on a single micro-EDM 
machine. Suitable parameters for DI-water ECM 
were identified, achieving an excellent surface 
roughness on semi spherical cavities. Combining 
ECM with alumina powder polishing improved the 
profile and allowed for deeper cavities. The process 
efficiently produced microchannels and slots with 
precise profiles and surface roughness. However, 
some micro-electrical discharges occurred, creating 
minor surface craters due to insulation breakdown. 
The paper [7] comprehensively reviews the latest 
EDM technologies for advanced ceramic materials, 
covering different EDM processes based on 
electrical conductivity, material removal 
mechanisms, and machining performance indicators, 
while also discussing challenges and future research 
areas. 
According to [8], EDM is a highly efficient process 
for difficult-to-cut materials, and this review focuses 
on its application to stainless steel grades, examining 
process parameters and improvements in material 
removal rate, surface quality, and tool wear rate. It 
also discusses evaluation models and future trends in 
EDM research. 
The study [9] investigates the challenges of EDM 
for conductive ceramics and nanocomposites, where 
traditional adaptive control methods are ineffective. 
It explores material sublimation phenomena, 
conductivities, and machining interruptions, 
proposing advanced monitoring and control methods 
based on acoustic emissions to enhance EDM 
performance for these critical cases. 
The study [10] investigates the impact of EDM 
parameters on surface roughness, material removal 
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rate, and electrode corrosion, employing fuzzy 
theory, design of experiments, and mathematical 
programming for optimization, ultimately enhancing 
output quality in EDM. 
EDM is crucial for manufacturing complex parts 
from hard materials. The paper [11] reviews powder 
mixed EDM, discussing variables, optimal 
parameters, tool wear, surface texture, and 
mechanical properties, offering insights into this 
evolving technology. 
Traditional EDM uses harmful dielectric fluids. The 
review [12] explores environmentally friendly EDM 
processes using water- and gas-based dielectrics, 
highlighting their positive impact on efficiency and 
sustainability. 
The study [13] examines the effect of machining 
stability on the surface integrity of Inconel 718 
superalloy in WEDM, revealing relationships 
between stability, surface characteristics, and 
material properties. 
The research [14] optimizes EDM parameters for 
machining Al-SiC metal matrix composites, 
addressing surface roughness, overcut, material 
removal rate, and environmental sustainability using 
biodegradable dielectric fluid. 
Investigating EDM of cryogenically treated AISI 
4140 steels, the study [15] identifies optimal 
machining parameters, enhancing surface quality 
and material removal rate for sustainable 
manufacturing. 
EDM of Mg alloy parts is challenging but vital. The 
[16] research uses artificial intelligence to predict 
surface roughness, streamlining the process in Mg 
alloy production. 
Surface integrity of Ni55.95Ti44.05 shape memory 
alloy is analyzed under different WEDM parameters, 
uncovering the impact on micro-hardness, surface 
cracks, and characteristics in [17]. 
The chapter of [18] explores compounding EDM 
with various sparking/melting processes, assessing 
their performance based on surface integrity, 
material removal rate, electrode wear, and more. 
An in-house fixture is used in [19] for taper profile 
machining in WEDM. Various parameters are 
investigated, influencing profile area, and an 
artificial neural network model predicts these areas. 
A novel control method for a hybrid positioning 
system in EDM is developed in [20], using fuzzy 
control to synchronize the movements of a linear 
motor and piezoelectric actuator, improving material 
removal rate. 

Having reviewed the extensive research efforts and 
advancements in the field of Electrical Discharge 
Machining (EDM) in this section, we now transition 
to explore the current and diverse applications of 
EDM across various industries in the third section. 
3. CURRENT APPLICATIONS OF EDM 

ACROSS INDUSTRIES 
EDM has come a long way from its early 
experiments to becoming an indispensable tool in 
precision machining. We will examine how EDM is 
being used in industries today and how it contributes 
to meeting increasingly complex production 
requirements (figure 4). 

3.1 Aerospace Industry 
The aerospace industry relies heavily on EDM for 
the manufacturing of critical components such as 
turbine blades, nozzles, and engine casings. EDM 
offers extreme precision and control over the 
machining process, which is crucial for ensuring 
aircraft performance and safety. The ability to create 
complex shapes and adhere to tight tolerances is 
paramount in this industry. 
3.2 Medical Industry 
In the medical industry, EDM plays a vital role in 
producing surgical instruments, implants, and 
medical devices. For example, the precise 
production of components for orthopedic implants 
requires a machining technology like EDM to 
achieve exact geometries and smooth surfaces. This 
significantly contributes to improving the quality of 
life for patients and the success of surgical 
interventions. 
3.3 Automotive Industry 
In the automotive industry, EDM is used in the 
manufacturing of key components such as fuel 
injector nozzles and injection pins. EDM offers high 
precision and control over the machining process, 
ensuring the quality of automotive components. This 
is crucial as each component must meet strict 
performance and safety requirements. 
3.4 Energy Industry 
In the energy industry, EDM plays a significant role 
in manufacturing components for turbines and other 
parts of power generators. Reliability and precision 
are essential to ensure the efficient and safe 
operation of these vital energy production assets. 
3.5 Other Applications 
Outside of the major industries mentioned, EDM 
finds applications in various domains, including 
jewellery production, electronics manufacturing, and 
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the production of precision tools. Its adaptability to 
the specific requirements of these sectors makes 
EDM a versatile technology for fabricating 

components with complex shapes and precise 
dimensions.  

 
Figure 4. Applications of EDM across industries

This section has provided an overview of how EDM 
is utilized across a variety of industries and its 
importance in meeting production requirements. In 
the following sections, we will delve into recent 
technological advancements in the field of EDM. 

4. LATEST TECHNOLOGICAL 
ADVANCEMENTS IN EDM 

EDM is a continuously evolving technology, and 
recent developments have significantly enhanced the 
precision, efficiency, and versatility of this 
machining process (figure 5).  

 
Figure 5. Latest Technological Advancements in EDM

4.1 High-Precision Wire EDM 
One of the most notable technological advancements 
in EDM is the development of high-precision wire 
EDM machines. These machines can achieve cuts 
with extremely tight tolerances and producing 
exceptionally smooth surface finishes. Advances in 

wire erosion control and temperature control allow 
for superior results when machining complex 
workpieces. 

4.2 CNC (Computer Numerical Control) EDM 
The integration of CNC technology into the EDM 
process has revolutionized control and precision in 

Aerospace 
Industry"

Critical 
components: 

turbine blades, 
nozzles, 
engine 

casings. 
Extreme 

precision and 
control. 

Complex 
shapes, tight 
tolerances.

Medical Industry

Surgical 
instruments, 

implants, 
medical 
devices. 

Precision for 
orthopedic 
implants. 
Improved 

patient quality 
of life.

Automotive 
Industry

Key 
components: 
fuel injector 

nozzles, 
injection pins. 

High 
precision, 

safety 
compliance.

Energy Industry

Turbines, 
power 

generator 
components. 
Reliability, 
efficiency, 

safety.

Other 
Applications

Jewelry, 
electronics, 
precision 

tools. 
Adaptability 

to various 
sectors

High-Precision 
Wire EDM
•Tight Tolerances
•Smooth Surfaces

CNC EDM
•Revolutionizing 
Control

•Precision

Submersible 
EDM
•Machining 
Underwater

•Extending 
Electrode Life

Advanced 
Electrode 
Materials
•Efficiency Boost 
with New 
Materials

EDM in Additive 
Manufacturing
•Complex 
Components 
with Precision"



  

 49 

machining operations. Utilizing state-of-the-art 
software and advanced sensors, CNC EDM 
machines can create parts with very tight tolerances 
and perform cuts and intricate shapes with 
extraordinary precision. 

4.3 EDM in Submersible Environments 
Another notable advancement is the utilization of 
EDM in submersible environments. This allows 
machining underwater or in a special dielectric 
environment, reducing the risk of arcing and 
extending the electrode's lifespan. This approach has 
been particularly beneficial in processing heat-
sensitive materials or large-sized workpieces. 

4.4 Utilization of Advanced Electrode Materials 
The development and use of advanced electrode 
materials have led to a significant increase in EDM 
process efficiency. Electrodes with porous structures 
or electrodes made from high-performance 
conductive materials enable faster and controlled 
erosion, reducing processing time and costs. 
4.5 Integration of EDM into Additive 

Manufacturing 
An intriguing advancement in EDM is its integration 
into additive manufacturing processes. Combining 
EDM technologies with additive manufacturing 
allows for the creation of complex components with 
precise details, opening new possibilities in the 
production of customized or innovative-shaped 
parts. 
Finally, after providing this overview of the latest 
technological advancements in EDM and 
highlighting how these innovations contribute to 
solidifying EDM's position as an essential 
machining technique in the industry., in the 
subsequent paragraph, we will explore the 
implications of these advancements and the 
prospects of EDM in precision manufacturing. 
5. CONCLUDING REMARKS AND 

IMPLICATIONS FOR PRECISION 
MANUFACTURING 

Electrical Discharge Machining (EDM) has evolved 
significantly from its early experiments in research 
laboratories to becoming an indispensable 
manufacturing method in numerous industries. EDM 
offers exceptional precision and versatility in 
material processing, enabling the production of parts 
with complex shapes and tight tolerances. 
Recent technological advancements in EDM have 
greatly improved the efficiency and control of this 
process. The use of CNC and advanced control 

technologies has brought precision to an 
unprecedented level, opening new horizons in the 
production of high-quality parts. 
The use of innovative electrode materials and 
submersible approaches has significantly reduced 
costs and increased the lifespan of EDM equipment. 
In the future, EDM will continue to evolve and adapt 
to the requirements of the precision manufacturing 
industry. Some potential directions include: 

• EDM and Additive Manufacturing: 
Integrating EDM into additive manufacturing 
processes could open up new possibilities for 
creating complex components with precise 
details. 

• Advanced Control Techniques: The 
development of more advanced control 
techniques could further increase the 
precision and efficiency of EDM processes. 

• Innovative Electrode Materials: Research 
and development of new and advanced 
electrode materials could further enhance the 
performance of the EDM process. 

• Application in Emerging Industries: EDM 
could find new applications in the aerospace 
industry, renewable energy production, and 
other emerging industries. 

In conclusion, Electrical Discharge Machining 
(EDM) remains an essential technology in precision 
manufacturing and will continue to make significant 
contributions in various industrial sectors. Ongoing 
technological developments and research in this 
field promise a bright future for EDM and will 
solidify its position as a cutting-edge machining 
method. 
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