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CHAPTER-1

INTRODUCTION TO SURFACE INTEGRITY (SI)

Kunwar Chandra Singh

Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id-kunwarchandra@ presidencyuniversity.in

All of the different current technologies rely on unique qualities of particular solids for the
successful operation of their processes. Although for a significant number of phenomena these
attributes are the surface properties, these properties are mostly the bulk properties. This is
particularly true for wear-resistant components, whose surface must carry out several technical
tasks in a range of challenging situations. Because of this, a material's behaviour is strongly
influenced by its surface, surface contact area, and operating environment. A field of research
known as surface science has been established in order to comprehend surface qualities and
how they affect the performance of different parts, units, and machines.

The outermost layer of an entity is what is often referred to as a surface. An interface is the
layer that separates two or more things that are different from one another either chemically,
physically, or in both respects. Any system with an abrupt change in the density, crystal
structure, chemical composition, or ferro- or para-magnetic ordering will have a surface or
interface. With the use of high-resolution microscopy, physical, and chemical techniques,
surfaces and interfaces may be carefully inspected. Numerous simple and very complex testing
equipment have been created and used for their realisation. In order to satisfy their natural
interest about surface and interface contact phenomena, humans have created these
instruments. Surface science is a field of research that examines interactions at any level and
kind of surface between two or more things. Physical, chemical, electrical, mechanical,
thermal, biological, geological, astronomical, and maybe even emotional reactions might take
place in these interactions.

The total of all the components that define every circumstance present on or near the surface
of a piece of completed hardware is known as surface integrity. Two things make up surface
integrity. The initial is surface topography that specifies the roughness, flatness, or surface of
the workpiece's outer surface, i.e., the point at which it meets the environment. The second is
surface metallurgy that explains how the changed layers under the surface relate to the basis or
matrix material. It is an evaluation of how the characteristics of the material used for the
workpiece are affected by the production procedures.

All the components that characterise the various states of an existing solid surface are included
in surface integrity. It handles both the surface and subsurface metallurgical issues as well as
surface topography. Field and Kahles established the idea of surface integrity in 1964, and they
described it as the intrinsic or improved state of a surface generated via machining or even
other surface production operations. Every method used to create or modify a surface involves
the changing of a number of different qualities, such as roughness, plastic deformation,
microcracking, phase transitions, micro-hardness, residual stress, etc. Therefore, surface
integrity handles such modification.

A standard dataset for surface integrity (SI) was created by Field et al. in 1972 and is provided
below. One crucial element included in this data collection is surface finish. In reality, the finish
parameter is the most important one in the integrity data set.
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Due to the product performance, increased durability, resistance to chemical degradation, and
dependability, materials with better surface quality have become more important in areas such
as medical, automotive, and defence. Improvements to the metals' mechanical, metallurgical, or
chemical properties may be included in surface improvements. Recognizing the fundamental
characteristics of metals and the conditions under which materials will operate is made easier
by surface integrity. Shot peening as well as shot blasting are the most often used surface
treatments for metals in industries in order to prolong the metal's fatigue life. Because of its
straightforward, highly efficient, and consistently dependable surface modification process,
shot peening is extensively used and trustworthy. The fabricated metal components require
thorough finishing, such as a powder coating or coat of paint, as well as welding work, before
they can be placed in the final mould. The metal component has to dry and be clean prior to
this treatment. Shot Peening and Shot Blasting assist in removing impurities like dirt and grease
as well as metal oxides like rust and mile scale and aid in achieving a smooth surface. Utilizing
a centrifugal wheel blast, shot blasting fires metals like steel shot onto the surface of the metal.
The ultimate outcomes will be determined by the size and form. Metal abrasives come in a
variety of forms, such as aluminium pallets, steel grit, and copper bullets. Additionally, glass
beads, silica sand, and agricultural commodities like broken kernels are available [1]-[3].

Traditional shot peening included striking the metal with hammers and chisels, but this is
insufficient for large-scale manufacture. Therefore, shot peening is used in the majority of
sectors. By applying an external force on the metal object's surface, this procedure will enhance
the metal's material qualities. This will cover the metal surface, strengthening the materials by
adding a coated coating to it.

Shot peening is the name of this method.

Both shot blasting and shot peening involve discharging a substance at the part's surface. The
results of each vary from one another. The surface of the materials is strengthened during shot
peening, making them more resistant to corrosion, fatigue, and fractures. Each shot serves as a
ballpeen hammer. Steel, ceramic, and glass shots are used in shot peening. The metal pieces
are strengthened by the efficient and affordable process of recycling these materials.

To increase the surface integrity using tin bronze alloy, numerous researchers have
experimented and attempted various methods. Tin bronze alloy's primary applications include
gear components, cams and camshafts, clutch springs, connecting rods, crankshafts, turbine
blades, rock drills, etc. This study sought to discern differences and comprehend how shot
blasting affected the tin bronze alloy. The objective of the present research is to improve tin
bronze metal using shot-blasted tin bronze metal as well as shot-blasted tin bronze medal with
molybdenum plasma coating. In this study, we assert because when tin bronze is shot blasted
and then given a Mo-coating, it has superior wear resistance, a lower friction coefficient, and
more synergistic effects than tin bronze alloy that has not undergone these processes [4]—[7].

The numerous manufacturing techniques used in industry provide the components the correct
forms while adhering to the required dimensional tolerances and surface quality standards.
Among the surface integrity magnitudes and features that the tools employed in the processes,
primarily machining, and notably their polishing versions, impart, surface morphology and
texture is a key feature. Additionally, it must be viewed from two perspectives, namely process
control and tribological function, in light of the fact that the right manufacturing technique
must be used to produce the proper functionally oriented surface, and that the inverse problem
of controlling the textures that different processes produce is related to both the improvement
of the latter and of the machine tools in accordance. Characterizing and evaluating engineering
surface texture has long been a difficult metrological challenge that hasn't been solved,
particularly when high accuracy and/or functional performance criteria are involved. This is
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due to the fact that surface textures are often intricate and that a suitable description must be
obtained both globally and at different levels. Surface texture has traditionally been used more
as an indicator of process variation caused by tool wear, machine tool vibration, compromised
machine elements, etc. rather than as a measurement of the component's performance; in
industrial practise, a stable process combined with the specification of the arithmetic average,
Ra, was thought to be sufficient. New technical developments have increased production
tolerances, while a greater knowledge of tribological processes meant the need for functional
surface characterization, which in turn led to an explosion in the number of parameters. The
literature has a significant quantity of research that aims to characterise surface texture
succinctly and accurately, with a natural focus on the relationship between profile traits and
manufacturing process factors. The most ambitious study objective would be to classify
textures according to their form using surface typology, and then thoroughly investigate
whether different manufacturing procedures are capable of creating these classes.
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CHAPTER-2

HISTORY OF SURFACE ENGINEERING

Kunwar Chandra Singh
Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id-kunwarchandra@ presidencyuniversity.in

Surface science may have first developed within the first few seconds after the Big Bang,
during all the complex surface interactions that followed the Universe's birth. Surfaces have
had a terrible image for a very long time since they are essentially shallow, even diabolicall,
and they were seen as morally dubious because of this. However, writings in Babylonian
cuneiform from the time of Hammurabi (1758 B.C.) that discuss a specific practise known as
Babylonian Lecanomancy are the first known written evidence of interest in physical surface
phenomena.

Ancient Greek philosopher Democritus of Abdera believed that an object's fundamental
essence is hidden inside, while its deceptive sensuous qualities are derived from its surface.
Till the middle of the 19th century, surfaces were not carefully acknowledged in the arts,
literature, or sciences. The intellect had a desire to give surfaces positive qualities in the widest
sense. Pioneers like J.W. Gibbs (surface thermodynamics) and I. Langmuir led the discipline
of surface research forward fast once this idea was established (adsorption and thin films). The
mathematical foundations of statistical mechanics and thermodynamics were developed by J.
William Gibbs in 1877. In this study, he provided a detailed definition of the surface phase
thermodynamics. Then came Irving Langmuir, whose great contributions made surface science
a recognised branch of science and whose brilliant work advanced our knowledge of surface
processes. He developed the first quantitative theory of adsorption while working at the
General Electric laboratories in Schenectady, New York, and investigated molecular
monolayers, lipids, biofilms, oil films, and biofilms. In addition, he constructed a detailed
model of thermionic emission and carried out fundamental studies on how metals function [1]-

[4].

The venerable historical source is an exhaustive collection of his many academic endeavours.
Surface physics was still in its infancy when the atom and electron were discovered; it wasn't
until the 1960s that it really matured to the point of being treated as a distinct field. Ultra-high
vacuum technology, recently developed sophisticated surface analysis tools, and computers
from the digital age that allowed comparisons of genuine theoretical calculations with easily
available reliable experimental data made this possible. Irving Langmuir's work on thermionic
emission, Albert Einstein's explanation of the photoelectric effect, and Clinton Davisson and
Lester Germer's confirmation of De Broglies' assertion that quantum-mechanical particles are
waves through electron diffraction all had a direct impact on early developments in surface
physics.

Davisson shared the 1937 Nobel Prize in Physics with G.P. Thompson. Over the course of the
following 20 years, there was a lot of theoretical research done in this field. The 1947 discovery
of the transistor was a turning point in the development of surface physics. Since then, surface
physics has evolved gradually owing to the efforts of a number of famous scientists and the
emergence of new concepts. After the war, research into solid-state physics and
semiconductors increased. The term surface science gained popularity in the early 1960s. Even
though there had already been a great deal of previous studies into surfaces as well as surface
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phenomena, some of which led to Langmuir receiving the Nobel Prize for his work on
absorption and Davisson and Germer demonstrating low-energy electron diffraction, these
studies were typically categorised under various both these scholarly sub - disciplines,
including physical chemistry or electron physics.

Since it was initially developed, the study of surfaces has expanded quickly. The development
of techniques for producing microscopic single-crystal surfaces, the ease of access to ultrahigh-
vacuum environments, as well as the application of an expanding range of surface analytical
techniques, which has also enabled it to characterise the framework and reaction of a various
surfaces, have all contributed to this growth.

A classification of some of the key areas in the many surface science fields. Surface engineering
is almost as old as the earliest building materials used by humans. Humanity has contributed
to the advancement of surface engineering from the start of time until about the early 1970s,
despite not knowing the name. Surface engineering is one of the key methods to distinguish
engineering goods in terms of quality, performance, and life-cycle cost. The term "surface
engineering" initially surfaced more than 15 years ago. A cost-effective performance increase
that neither can deliver on its own is provided by the surface and substrate's arrangement as a
functionally graded system. This is a fairly interdisciplinary endeavour by definition [5]-[8].

The efficient use of surface engineering necessitates an integrated approach at the design stage,
necessitating collaboration between design and surface engineers, as managers in a number of
industrial sectors are increasingly realising. In addition to being able to solve problems, surface
engineering technologies are also capable of adding value and boosting profits. Utilizing the
greatest technology to provide the optimum surface property designs for particular applications
in the most cost-effective manner is the aim of surface engineering. Therefore, surface
engineering may act as a channel for the dissemination of information and technological
advancements among end-user businesses that would not otherwise benefit from such
conflicting effects.

Topographical features and surface layer characteristics make up the two halves of surface
integrity.

The topography is composed of surface abrasion, wavering, morphological errors, and flaws.
Plastic deformation, fractures, ageing, residual stresses, hardness, phase shifts, intergranular
attack, recrystallization, and hydrogen embrittlement are just a few of the surface layer
characteristics that processing may change. A standard manufacturing technique, such milling,
results in local plastic deformation of the top layer.

The processes that affect surface integrity may be neatly divided into three categories:
conventional operations, non-traditional processes, and finishing treatments. Traditional
methods include bringing the tool into contact with the workpiece's surface, such in turning,
grinding, and machining. Only if the incorrect variables are used, such as dull tools,
extraordinarily high feed rates, subpar coolant or lubrication, or the incorrect grinding wheel
hardness, can these procedures damage the integrity of the surface.

In unconventional procedures, the tool does not make direct contact with the workpiece, as in
machining operations, chemical machining, and EDM.

The surface integrity of the processes might vary depending on how they are controlled; for
instance, they could leave a surface that is free from stress, remelted, or highly abrasive. Finish
procedures are defined as those that either increase the surface integrity or lessen the surface
finishes left behind by traditional and unconventional procedures. It is possible to raise
compressive residual stress by peening or roller burnishing, for example, and to eliminate the
recast layer that remains after EDMing by using chemical milling.
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The surface of the workpieces may respond differently to a variety of finishing procedures.
Some people polish and/or remove faults including blemishes, pores, burrs, or scratches. Other
approaches improve or alter the look of the surface by boosting its smoothness, texture, or
colour. They may also enhance wear and corrosion resistance, decrease friction, or both. A
pricey or uncommon material may be plated onto a less expensive base material using a
different kind of finishing process called a coating.
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CHAPTER-3

SURFACE FINISH AND METHODS

Kunwar Chandra Singh
Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id-kunwarchandra@ presidencyuniversity.in

Local surface variations from a completely level plane are referred to as topography. It is well
known that the bulk characteristics of a material are significantly influenced by the topography
of a surface. Although surface imperfections are often on the nanoscale, their impact may still
be seen by doing measurements at a larger scale. In numerous disciplines, including materials,
tribology, and machine condition monitoring, surface topography characterization has grown
in significance. Surface finish, surface texture, and surface profile are further terms for surface
topography. The dimensional topography of a surface is formed by the organisation of repeated
or arbitrary deviations from the nominal surface, known as texture. Roughness, waviness, and
lay are all included in this. According to these three features, a surface's nature is called its
topography:

Lay is the direction of the prevailing surface pattern, which is often defined by the
manufacturing process. The close-spaced imperfections on a surface (cutting tool marks, grit
of grinding wheel). This is often what "surface finish" in engineering refers to. Regarding a
smooth, nominal surface, roughness is the degree of deviation. Inconsistencies in the surface
texture that are specific to the part's manufacturing process are included in it, while waviness
is excluded [1]-[5].

Waviness - More evenly spaced irregularities (vibration and chatter). Typically, during
machining, they are caused by deflection, vibration, or warping. Surface texture includes
waviness, which is then followed by roughness. Machine deflections, vibrations, chatter,
heating, or stresses that cause warping may all cause waviness.

The creation of transfer layers during sliding is significantly influenced by surface topography,
which also regulates friction. Both isotropic and anisotropic surface topography are possible.
Depending on the topology of the sliding surface, stick-slip friction events may sometimes be
seen. Surface topography emerges from every industrial process. Surface topography in
manufacturing is influenced by several variables. Typically, as a surface's surface quality
becomes smoother, the cost of producing that surface rises [6]-[9].

Distinct surface finish features are produced by various finishing techniques. Grinding, honing,
polishing, buffing, and super finishing are some techniques that remove material from the work
surface. A smooth surface may be achieved using other techniques including burnishing,
bearingizing, and ballizing without removing any material from the work surface. Obtaining
smooth surfaces on materials with a hardness of at least 40 Rc requires the employment of the
following machining techniques.

Grinding

Abrasives that are tightly fastened to a hard backing, such as a wheel, are used for precision
grinding. Often the initial step in a finishing process, this technique is utilised to eliminate
significant surface flaws prior to polishing. A succession of wheels with progressively smaller
grit sizes are used in progressive grinding.
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Honing

Surface finishes between 2 and 4 micro inches Ra may be achieved by honing after turning,
drilling, reaming, or grinding. Examine Figure 3. Honing is used to remove taper, out-of-
roundness, or spirals left over from earlier machining. It employs an aluminium oxide or
silicone carbide abrasive. A precise size control is also offered through honing. Steels, carbides,
and non-metallic substances like glass or ceramic may all be honed in addition to any metal.
The pace at which stock may be removed is affected by material hardness, although the honing
process is not constrained by it. Honing creates a surface with a recognisable crosshatched
finish that is free of tension, improving the surface's capacity for sealing. The amount of
abrasion, speed, and, sometimes, coolant used during the machining process, as well as the
material's hardness, all affect the finish quality. The following actions should be taken into
mind during honing to get a smoother surface finish.

e Apply an abrasive of finer grit.
e FEither accelerate rotationally or less quickly during reciprocation.
e Lessen the force.
e Use a coolant with a greater viscosity.
Polishing

A flexible backing, such a wheel or belt, is used in polishing together with abrasives that are
securely fastened to it. While enhancing the surface polish, this procedure is employed to
preserve tight tolerances.

Buffing

In order to polish and refine a surface, buffing employs a tiny abrasive that is suspended in a
lubricant binder. A flexible wheel of cloth or felt is used to apply the abrasive material to the
surface. When used to smooth a part's surface after polishing, buffing may result in a finish as
excellent as 4 to 8 micro inches.

Super finishing

Cylindrical objects may have their outer diameters refined using the abrasion technique known
as super finishing. It operates on the outer diameter of a cylinder solely and is comparable to
honing in operation and effect.

The stock is removed in extremely tiny pieces, often ranging in diameter from 0.003 to 0.005
millimetres (0.0001 to 0.0002 inches). With no scratches that display a directional impact or
pattern, super finishing may provide surface finishes with a Ra of 2 micro inches. In
comparison to other finishing techniques that result in coarser surfaces, super finishing is often
quicker and cheaper.

Obtaining smooth surfaces on materials with a hardness of 40 Rc or less requires the
employment of the following cold working techniques. The performance of BAL Seals is
impacted by the varying surfaces of cold worked components. It is preferable to contact BAL
Seals on honed and super-finished surfaces.

Rolling burnishing

Utilizing a tool made of caged rollers, roller burnishing enhances the polish of internal or
exterior diameters. Precision rollers bearing on an inversely tapered mandrel or race that are
hardened and finely polished spin around it. A constant rolling pressure is applied to the work
surface by the rollers, which are rotated by the movement of the mandrel. The rollers are held
in place and kept in contact with the work area by the cage. The rollers are kept in place and
evenly spaced by the cage. The total diameter of the I.D. burnishing tools' rollers and mandrel
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is a little bit larger than the diameter of the unburnished hole. The peaks flow into the valleys
when the tool is lowered into the gap.

Bearingizing

Bearingizing employs a peening action instead of the roller action that both roller burnishing
and bearingizing use to cold work the surface material, which is the fundamental distinction
between the two processes. In use, a cam-shaped arbour and straight, caged rollers move over
each other to generate the peening sequence. Up to 200,000 blows, or peens, are delivered to
the work piece every minute by the bearingizing tools as it is passed through the hole. All of
roller burnishing's benefits are present with bearing zing. Furthermore, tolerances are
maintained with greater accuracy, and the task is finished two to five times quicker than roller
burnishing. The hardness is increased by ten to thirty percent.
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CHAPTER-4

BASICS OF SHOT-BLASTING
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Metal may be cleaned, strengthened (peened), or polished using the shotblasting technique.
Almost all industries that employ metal, such as aerospace, automotive, construction,
foundries, shipbuilding, rail, and many more, require shot blasting. Wheelblasting or
airblasting are the two methods that are used [1]-[4].

Abrasive steel is used in the surface-treatment technique known as shot blasting. Shot blasting
is a technique for getting superior cleaning and surface preparation for subsequent finishing
processes. Common applications for shot blasting include cleaning iron, steel, non-cast
components, forgings, etc.

Mechanically cleaning materials like sheets, rods, coils, and wire.

Changing mechanical characteristics using shot peening (increasing resistance to fatigue for
springs, gears, etc.)

Preparing surfaces for coating, painting, etc. Shot blasting generally focuses abrasive particles
at the material at high speeds (65-110 m/s) in a regulated way, which removes surface
contaminants as a result of the abrasive impact. The steel shot was first propelled by
compressed air during the shotblasting process in the 1930s. Today, this technique is still used
to clean metal frames and weldments [2], [5]-[7].

The invention of centrifugal wheel blasting equipment made it feasible to create shot blast
manufacturing lines, both manually and automatically. Shot blasting using a centrifugal wheel
system produces better, more consistent surface finishes than shot blasting with compressed
air. The dimensions and shapes of the components, the state of the cleaning surface, the desired
ultimate surface polish, and the entire process are taken into consideration when choosing the
kind of shot blasting system. Six fundamental components make up shot blasting systems:

1. Abrasive delivery method:

By Compressed Air.

By Centrifugal turbines.

Abrasive recovery and cleaning
Dust collection.

Blast Cabinet.

Part movement and support system.
Controls and instrumentation.
Abrasive delivery method:

WO TN B W

The steel shot may be accelerated in one of two ways:

using pressurised air When maximum flexibility is required, this technology is appropriate for
applications requiring smaller production levels. Because the shot may be delivered
horizontally using a rubber hose and nozzle assembly, these systems are particularly adaptable.
This makes it possible to employ steel frames and weldments in finishing processes, thereby
substituting hand tools. Due to this, a centrifugal wheel blasting machine costs less than an air
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blasting equipment for a manufacturing line. For instance, 33 personnel and a 1650 HP
compressor are required to deliver shot at a rate of 1100 kg per minute utilising nozzles with
a 10 mm diameter and 6.5 kg/cm2 of pressure. However, the same operation may be
accomplished using centrifugal wheel turbines with only 100 HP total spread among one or
more turbines housed in the same machine. With this kind of shotblasting equipment, just one
or two operators are required.

Utilizing a centrifugal turbine

The most popular blast cleaning technique, as well as the most cost-effective and ecologically
benign one, is centrifugal wheel blasting. By using centrifugal force, the turbine disperses
abrasive shot in a precise and regulated manner in terms of direction, speed, and amount.

Abrasive recovery and cleaning

To keep the cleaning procedure uniform, the abrasive shot must be cleaned and recirculated.
In traditional shot blasting apparatus the abrasive falls into the collecting hopper below the
machine when the shot strikes the component. The shot is subsequently transported to a bucket
elevator by gravity or a screw conveyor. The shot, eliminated oxides, and other contaminants
are transported by the elevator to an air wash separator that is situated in the machine's top
section. These contaminants are separated using a mixture of baffles, strainers, and plates as
they are useless during shot blast operations. A top hopper (feeding-box) holds the cleaned
abrasive, which is then fed into the shot turbine by gravity. The shot blasting power employed
for the turbines has an impact on the abrasive recirculation and cleaning capacity in each
machine. An improperly sized system will result in early machine wear and reduce the overall
efficiency and shot consumption of shot blasting.

Blast Cabinet

Dust and abrasives are present in the machine cabinet. By lowering the air pressure within the
machine, a machine-mounted dust collector stops dust from escaping into the work
environment. The entry and departure of the shot blaster's material access ports must be
planned and safeguarded to minimise abrasive spills. Low carbon steel is used to construct
cabinets, and an interior shell constructed of abrasion-resistant materials such thick rubber
compounds and high strength alloy plates. Alloy steel plates (64 RC hardness), which have
substantially greater abrasion resistance than other more often used materials like manganese
steel, are employed in the regions that are exposed to direct high velocity gunfire.

System for dust collectors

A dust collector removes the shot blasting dust from the equipment cabinet and continually
circulates abrasive. Baffle filters or cartridges are often used in dust collector designs. The
dust collector maintains the surrounding environment dust-free and clean in addition to
removing dust from within the machine. Changes in airflow will lessen the effectiveness of
the collector, which will decrease the amount of dust extracted, limit the cleaning power, and
increase the amount of dust in the immediate production area. This makes a correctly sized
and built dust collector essential for the continued operation of the shot blasting system.

Part movement and support system

The handling and movement of pieces during the shot blasting process will rely on a number
of variables. Tumblast machines are used to produce items in big numbers, such as brakes,
pulleys, screwdrivers, etc. Spinner hanger machines are used for bigger and heavier objects,
such as engine blocks, bicycle frames, bunchwelded parts, etc. Machines with many tables and
tables are used to shot peen gears and other unique components. Wire continuous machines
are used for cleaning pipes, plates, and bars.
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Instruments and controls

A central console houses the system that controls and gives instructions for starting and halting
all operations, including elevators, dust collectors, turbines, component handling systems, and
ammeters and time metres for the turbine motors. The control panel is built with sequential
startup to guarantee that the various systems are powered up in the right order. It is possible to
automate all systems for continuous processing, which will boost output, minimise human
involvement, and reliably maintain a given surface specification.
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Shot blasting equipment is used in a variety of industries, including those in the automotive,
foundry, railroad, mould, shipping, and bearing industries. Industry of casting: Castings must
be polished at foundry facilities, and the ideal equipment for the task is a shot blaster.
According to different goods' policing and surface preparation, there are several kinds of
machines. As a result, you may choose a machine based on your needs [1]-[5].

Since moulds are a component of castings, they often need to have a smooth surface. Machines
for shot blasting are ideal for polishing items' surfaces. The greatest aspect is that it won't impair
the items' functionality or attractiveness. Companies that produce steel profiles, such as sheet
steel, tend to have a lot of burrs, which affect the surface and quality of freshly created products.
In such situation, a shot blasting machine can expertly address all of these issues.

Application of shot blasting

Steel sheets are the primary component used in the construction of ship yards. Rust is a
common problem with steel that may have a significant impact on the productivity and quality
of the shipbuilding industry. Rust removal is a challenging task that can never be completed
manually. Consequently, a shot blasting equipment can guarantee the calibre of the steel used
in shipyards [6]-[9].

Automobile factory: The steel and other profile components in automobile manufacturing
need to be polished. However, maintaining the original look is what every manufacturer strives
for, and the only choice that won't weaken the steel is to use a shot blasting machine. In general,
several kinds of shot blasting machines are needed for different car component policing. In
such scenario, your options are roller blasting equipment, hook-style shot blasting equipment,
Tum blasting equipment, etc.

Hardware and electroplating: The industries that produce hardware and electroplating
concentrated on giving their goods a particularly smooth finish. The shot blasting machine is
the only solution that can provide everything hardware and electroplating industries need. We
offer smaller sizes that are ideal for usage in these enterprises. The corrosion and surface may
be thoroughly and extensively cleaned using the roller and track blasting machines. vehicle
manufacturing Both tiny and big parts are found in the motorbike industries. Roller kinds of
shot blasting machines are ideally suited for a high quantity of items, which is why we
recommend them for small-sized components.

Bearing Factory: Faces for bearings must be very smooth. Therefore, there will be some
impurities, therefore a blasting machine is needed to clean and get the best result. The national
building authority has established certain guidelines for the steel construction industry to which
all manufacturers must follow. Shot blasting equipment may save labour costs and assist in
automatically cleaning corrosion. While completing surface preparation, it also lessens the
environmental contamination that comes from pickling.
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As a powerful kind of abrasive blasting, shot blasting is often used on strong materials. Metals
including titanium, iron, steel, stainless steel, and others are often used for these. The operator
will be able to regulate the impact on the selected material after the sort of shot has been
decided.

It is possible to choose from a variety of shots, and doing so may assist guarantee that the
material is adjusted correctly and is completely suitable for the intended use. Since steel is the
primary material used in their construction, they are very conforming and durable. There are
many general types of materials that may be shot blasted, however it is crucial to test each item
before putting it through the procedure for the first time.

Metals: Although resilient and long-lasting, metals may be very challenging or time-consuming
to treat using other abrasive techniques. Delicate sandblasting frequently lacks the force
necessary to effectively strip, peen, or pre-treat the surface, and other options involving
chemical treatment and customised techniques are too time-consuming, resource-intensive, and
can raise too many additional health, safety, and environmental concerns to be used frequently.
Given the huge variety of materials used in an equal variety of industries, it is crucial to confirm
that the shot blasting technique selected can achieve the desired outcome, such as removing
the top layer of material from an item, without causing too much harm or producing too much
waste.

Building materials: Concrete is highly durable but is often prone to discoloration and aesthetic
damage. It is another material that is frequently shot blasted. There are a variety of specialised
technologies available to assist cure large volumes of concrete in short periods of time, which
is advantageous given the prevalence of concrete floors in contemporary architectural design
and their requirement in warehouses and other areas. Shot blasting may be used to skim the top
layer and create a distinctively smooth, clean finish depending on the material's nature. The
use of the incorrect shot, however, might result in chipping or cracking, necessitating what
could soon turn into a requirement for considerable repair work, thus this has to be constantly
monitored.

No matter how tough a material is thought to be, there is a very considerable possibility that
high-velocity metal bullets will inflict severe harm to organic materials. Wood is the material
that is most often damaged in these circumstances. This may lead to splintering, integral
damage, and the embedding of shot deeply inside the material, which can be harmful if it is
intended to cut or reshape it. Other less time-consuming methods, such sand blasting, may
achieve the same goal without causing damage or warping if it is crucial to resurface the
material.

Polymers: Generally brittle, even the strongest plastics are unable to withstand even the finest
grade of abrasive shot. This usually results in splintering or punches holes straight through the
material, compromising its utility or seriously damaging its general integrity. If a plastic item
is designed to have a layer removed, doing so will simply result in severe scratching that will
destroy the object's appearance. As a result, there are often more concerns than there were
originally, with deep grooves and incisions making further therapeutic procedures difficult. In
a lot of situations, utilising a lighter, non-metallic abrasive given via a water medium may aid
in achieving the required outcomes. Another option is to use just water delivered at high
pressure using a hose system.

Materials with a nice appearance: Keeping a building looking and feeling nice helps motivate
routine cleaning. A heavy-duty abrasive procedure should never be used on delicate or
malleable construction materials, with very few exceptions. Plaster will inevitably fracture,
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slates will break and crumble, and bricks will swiftly disintegrate. It might be beneficial to take
into account less harmful solutions like soda blasting when an abrasive approach is required.

The nature of shot blasting makes it possible for both team members and the general public to
be at danger from the metal shot. To windows, property, or other more fragile surfaces, pellets
may readily deflect and cause harm. Protecting users, team members, and visitors requires that
you take the necessary time and care. Shot blasting may, however, be a valuable weapon in the
toolbox that offers the greatest amount of flexibility and variety in application while posing the
least amount of danger provided it is done with care and attention. It's a simple addition, and
people have a wide range of possibilities from both the public and private sectors.
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Shot blasting is the process of applying metal particles and pieces at high speeds toward the
object to be treated, albeit there are many specifics involved. This produces an abrasive impact
when hit, removing any undesired impurities and assisting in strengthening and correctly
preparing the metal for usage. Hard grit may also be used in gang saws to assist in the cutting
of stone and other softer metals. It is crucial to comprehend how shot blasting works and the
factors at play when applying the solution to materials, even if it is a very successful procedure
in the correct hands. Failure to carefully evaluate the shot blasting procedures may lead to
damage to the target material, significant material waste, inefficiency, and even injury to the
teams doing the operation [1]-[3]. While there are several distinct shot blasting equipment, all
contemporary systems consist of the following six essential elements, as shown in Figure 1:

Shot Delivery
System

Air Filtration
System

Essential
Elements

Blasting Area

Material
Recovery
System

Figure 1: six essential elements of Shot-blasting



Surface Engineering Methods and Processes

Shot Delivery System

This regulates the actual application of the selected shot to the target metal. There are two ways
to do this: either by compressed air or through a centrifuge within a container. The shot may
be administered manually or by a mechanical arm mounted compressed air machine. This
facilitates sensitive work with tiny or oddly shaped things. If a centrifuge is used, this entails
using as many separate turbines as necessary to completely enclose the target item. This is
often used in enclosed systems and offers the highest level of protection, although it may not
provide complete covering if the item is of an irregular size or is positioned wrongly.

Material Recovery System

Without ongoing recycling, the process degrades to an unprofitable level. Therefore, a material
recovery component that enables "continuous cleaning" should be used in every shot blasting
system. In most cases, this is made possible by a collecting system that gathers dropped shot
and feeds it back into the blasting apparatus. Before feeding it back into the machine for further
uses, this is then internally filtered in the machine to eliminate impurities from the metal shot.

Air Filtration System

Conducting shot blasting has a number of concerns, including the possibility of airborne
fragmented particles. This may lead to a bad working environment, thus it has to be regulated
to reduce risk. This might entail the use of baffles, swappable cartridges, or both. As the
generation of high-volume pollutants may lead to a decline in efficiency and the introduction
of danger to the operation, it is crucial to examine the dust collector to verify it is suitable for

purpose.
Blasting Area

To address this, shot blasting is often done inside of a blast cabinet to reduce the danger of
contamination or spillage. In order to prevent high-velocity gunfire from damaging the
equipment or operators by piercing the cabinet or ricocheting about within the area, they are
likewise composed of hardened materials. These may also be sealed, lowering air pressure and
keeping pollutants out of the workspace's air.

Transport

It is crucial that the item being shot-blasted be appropriately and securely fastened using the
workpiece transport system before shot blasting can begin. Typically, spinner hanger machines
or turn blast machines are used for bulk work and bigger, denser parts, respectively. If the job
requires high-velocity peening, it's crucial to look for specialised equipment to make sure that
it won't be harmed by the peening shot and that there's a technique to assure even coverage
securely without endangering the operator.

Control unit

This device enables the user to initiate, halt, and control the shot blasting procedure. If
automation is feasible, it is still crucial for the operator to be aware of the steps needed in
manually starting the equipment and how to operate it safely for the work at hand. Every
operator should be completely knowledgeable of the system's emergency stop capabilities and
where the emergency stop button is located on the shop floor, as is the case with other industrial
machinery.

Although the terms sound similar, sandblasting and shot blasting are distinct procedures that
are both a part of the larger abrasive blasting industry.
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It is simple to distinguish between sandblasting and grit blasting, as shot blasting is sometimes
known. It is in the application method that professionals in the material cleaning, restoration,
and preparation business employ to apply abrasive material to items that are being prepared for
finishing. Basically, the sandblasting procedure involves shooting an abrasive material, such
sand, at the thing being treated using compressed air. Shotblasting propels the treatment
medium onto the product using the centrifugal force of a mechanical instrument.

Actually, the term "sand" blasting has become outdated. Sand is seldom used in the abrasive
blasting business as a treatment medium because of its characteristics that make it challenging
to deal with. Today's market offers a far greater selection of safer blasting media materials than
silica sand. They include media made from biological materials like corn husks and walnut
shells as well as media made from minerals, metals, glass, and plastic [4]-[7].
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Wire cutting machine markets are very competitive. Let's say a business has a sizable budget.
They are able to employ engineers and skilled CNC experts that are familiar with wire cut
machines because of this. But as we all know, not every company has a ton of cash on hand to
spend on equipment. As a result, as with any significant acquisition, you want to start with the
fundamentals, the kind of features, and your requirements as a manufacturer. With Joseph
Priestly's discoveries in 1770, the electrical discharge machining (EDM) procedure as we know
it today had its start. He saw that material had been taken from of the electrodes in previous
tests by electrical discharges. Another name for this is electro-discharge erosion. Spark
machining, sparking eroding, and die sinking are further names for EDM [1]-[4].

Working of Wire Cutting

The fundamental steps of electrical discharge machining are quite straightforward. Between
two electrodes, an electrical discharge (spark) occurs (solid electric conductors). Usually,
the workpiece electrode is referred to as the workpiece as well as the tool electrode as the
electrode. The spark is tangible proof that electricity is moving. The extreme heat produced
by an electric spark, which may reach temperatures of 8000 to 12000 degrees Celsius, can
melt or vaporize practically any conductive material [5]-[7]. These brief but frequent
electrical current discharges takes occur between two electrodes that are never in contact
with one another in a very narrow space. As the electric discharge happens hundreds of
thousands of times per second, adaptive machine controls keep the spark gap (also known
as the discharge gap or electrode gap) at a consistent, stable distance (Figure 1).

»
_

Figure 1: Illustrates the working operation wire cutting machine.

The material's surface is the only part of the spark that is impacted since it is so carefully
targeted and controlled. Typically, the heat treatment under the surface is unaffected by the
EDM process. The workpiece and the tool are both immersed in a non-conductive dielectric
fluid, usually deionized water. The dielectric fluid is where the spark always seems to occur.
Deionized water's conductivity is meticulously regulated, providing the optimal conditions
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again for EDM process. Deionized water also cools the workpiece during machining and
removes the minute fragments of corroded metal.

Due to the fact that electrical discharge is used to remove the material from the workpiece,
electrical discharge machining was regarded as a non-traditional machining technique. In
contrast, conventional machining techniques like drilling or grinding remove material by using
mechanical force. The whole workpiece is always cut using an EDM machine. Drilling a hole
in the workpiece is required before beginning wire machining, or you may start from the edge.
Each discharge just on machining region leaves a crater inside the workpiece and an impression
on the tool. The ability of the wire to be inclined makes it feasible to create pieces in Figure 2
with taper or even with various profiles there at top and bottom. The electrode and workpiece
never make contact mechanically (see above). The wire typically has a diameter between 0.1
and 0.3 mm and is composed of brass or layered copper. A component may be one cut or
roughed and skimmed, depending on the precision and surface polish required. On a single cut,
the wire should preferably go through a solid component before dropping a slug or piece of
debris. For certain operations, this will provide sufficient precision, but most of the time,

skimming is required.

Ty,

Figure 2: Illustrates the EDM cutting is always through the entire workpiece.

EDM machines come in two primary varieties: wire or cut and conventional or sinker. The tool
is used in traditional EDM, as previously mentioned, to distribute the electric current. The metal
is in contact with this device, the cathode, which is the anode, as well as the electric current
responds by melting or vaporizing the metal. The fine chips generated during the process are
washed away from either the component by the action of a dielectric fluid, typically a
hydrocarbon oil, where both the cathode as well as the workpiece are submerged. By using a
thin, tensioned wire that serves as a cathode and is steered all along desired cut path or gap,
wire-cut EDM (also known as WCEDM) removes the electrified current from the workpiece.
During this process, the dielectric fluid, which is typically deionized water, is pushed through
the incision to once again clear debris and manage sparks. With tight gaps (about 0.015 inch,
although finer cuts attainable) and potential tolerances of +/- 0.0001 inch, the thin wire enables
accurate cutting. Complex three-dimensional cuts may be accomplished because to the
increased accuracy, which also results in very precise punches, dies, and stripper plates.
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0.03-0.35mm metal wires are used with wire EDM electrodes. Wire EDM projects may be set
up and finished in a shorter delivery period with the assistance of skilled and effective
processing engineers, enabling you to get them more quickly. Wire EDM can process
manufacturing components in one step, saving you important time and money, and
considerably boosting production efficiency (Figure 1). Wire EDM can manufacture high
tolerance parts without bristles or deformation [1]-[4].

Figure 1: Illustrates the image of wire cutting machine.

No Impact Cutting

Hard materials often need rigorous processing, which calls for a great deal of force and pressure
to mould the material into the appropriate shape during processing. This has certain drawbacks
since impacts may lead to tensions that cause material to distort while being cut and quick tool
wear. Traditional machining on precise items is difficult as a result. If the materials are
conductive and hard or delicate, wire EDM can process them without creating impact or stress.
No matter how thin the material is sliced, it won't warp or bend [5]—[8].

Wide Processing Range

Wire-cut EDM can also very simply reduce the hardness of conductive metals, from copper
towards the hardest materials, such as tungsten and molybdenum. Wire EDM products may
process conductive materials that can't be processed by other techniques and are unaffected by
the material's hardness. The material can also be heat-treated before processing, eliminating
the deformation issues associated with the product's post-heat treatment in Figure 2.
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Figure 2: Illustrates the component of wire cutting machine.

Low Requirements on Product Shape

Even in the toughest or most delicate materials, wire EDM can readily cut accurate and
complicated forms while retaining a low Ra Surface roughness, with the exception of the effect
of metal wires and gaps there at inner corners of the product.

Obtain High Tolerances

Processing with wire cutting is more accurate than using a laser, a flame, or plasma. Wire EDM
may reach extremely high tolerances to produce accurate dimensions and perfect fit since it
applies no force to the pieces. As a result, items don't need to be further machined or finished
after machining.

Save Cost

The processing will go more quickly since any conductive material may be effectively
processed using wire-cut electrical discharge machining. Waste may also be reduced using wire
EDM. The product's knife edge is very thin since the metal wire is just 0.3mm in diameter,
dramatically increasing material usage and lowering material costs. Additionally, because less
trash is produced and also no heat treatment is needed, cleaning is reduced.

High security
Wire cutting uses a non-flammable liquid working fluid that enables autonomous operation.

The convenience of use is improved by built-in induction and clever automated control.

Disadvantages of Wire Cutting

Slow speed

The most well-known drawback is that wire EDM cutting is still a labor-intensive process. In
order to counteract the sluggish cutting speed, modern EDM machines featuring AWT
(automatic wire threading) and CNC capabilities may be designed to operate "lights out."
However, a technique like thin-wheel abrasive cutting could be preferable for very high
quantities of items with diameters bigger than 0.020” (0.5 mm).

Conductive materials only

Wire EDM cutting can only be used on materials that conduct electricity because to the nature
of the process, which involves quickly repeated, regulated electrical charges down a strand of
metal wire. Therefore, it is impossible to use EDM on any material which is a composite or
covered with a dielectric.
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The EDM wire technique may be used to cut any conductive material, including steel, titanium,
aluminum, brass, alloys, and super alloys [1]-[4]. The EDM wire cut technology has
established itself as a standard cutting method across many sectors because to its precision.
Figure 1 shows how easily EDM wire may be used to cut and make machine components,
logos, and other metals.

Figure 1: Illustrates the Raw Materials of Wire Cutting.
CuZn36 Alloys

Charge Electrical Despite having been used in industry for five decades, machining is still at
the forefront of metalworking innovation. In several sectors, wire EDM is still developing,
evolving, and revolutionizing procedures. Although the fundamentals of wire EDM have not
changed much, the process has substantially improved in terms of the range, speed, precision,
and complexity of the metal-cutting it can carry out, even as the equipment has become
cheaper, more dependable, and simpler to use. Making the appropriate choice is critical since
the EDM wire electrodes used during wire EDM are a key component. Once upon a time, there
were just two options: copper or brass, making the choice straightforward. There are now
several wire alternatives available, including affordable EDM wires, utility-grade EDM wires,
speed wires, wire for PCDs and carbides, tapering wires, and fine wire machining. How to be
most effective and profitable while keeping the greatest degree of quality inside the machining
operations is a key concern for engineers using an EDM machine. The choice used wire for the
workpiece is crucial to the time taken (cutting speed attained), accuracy, and surface polish of
the finished product since the wire electrode is indeed a single use consumable due to wear and
an accompanying reduction in the wire diameter. The article explains the numerous kinds of
wire that are available, their qualities, and the advantages of using premium materials over
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more affordable alternatives [S]—[8]. This is a challenging issue for the contemporary engineer.
Therefore, you may control the effects of the false economy of inexpensive consumables by
making sure you are utilizing the right wire type to optimize your outputs and reduce machine
downtime. To start, it is helpful to review the characteristics of EDM wire while taking the
advantages of certain characteristics in the machining process.

EDM Wire Properties

Tensile Strength

This is the material's greatest load-bearing capacity in terms of its capacity to withstand
stretching and fracture. The measurement is calculated by dividing the maximum load
throughout pounds per square inch by the wire's cross-sectional area. A higher edge
straightness, which is useful for single-pass components and for tiny and fine-diameter wires
to lessen breakage, is one of the advantages of a high tensile EDM wire. High tensile wire
improves skim cut quality, component straightness, and geometric correctness.

Fracture resistance

Since there is no established index or grade for fracture resistance in EDM wire, it is more
appropriate to speak to toughness or resilience instead. The ability of the wire to withstand the
impacts of the EDM process is what is meant when discussing the fracture resistance of EDM
wire. A more durable wire lessens the likelihood of deviations and breakage, which has a big
influence on auto-threading as well as the overall effectiveness of an EDM machine.

Conductivity

More power can be transmitted to the workpiece in EDM, boosting efficiency and cutting
speed, the greater the wires' conductivity.

Vaporization Temperature

Space is a valuable resource during microscale machining. The EDM wire's low
melting/vaporization temperature enhances the process's capacity to wash out waste materials.
Rapid wire surface vaporization is advantageous to prevent electrode gap contamination.

Hardness

The hardness (or temper) of a wire, which is distinct from tensile strength, relates to the wire's
ductility, or its capacity to withstand elongation. EDM wires may be classified as either soft or
hard, and each is better suited to a certain kind of machining. A softer wire might be more
suited for a taper-cut, for example, whereas a firm wire threads more efficiently on closed-
guard machines. Hard wires provide greater rates of dependability in auto-threading than their
softer equivalents, which is a significant advancement in EDM.

EDM Wire Types
Brass EDM Wire

Brass wire, which is created by combining copper with the element zinc, is the most popular
kind of EDM wire used today. Brass wire is indeed an alloy with a copper-to-zinc ratio of
63:37. Zinc is a superior electrode material than copper because it has a lower vaporization
point. Therefore, the quicker the EDM wire will cut, the more zinc there is on its surface.
Depending on the composition of an alloy as well as the temper, brass wires have tensile
strengths ranging from 375 to 1200 N/mm?2. Brass is a versatile utility wire that works with the
majority of current machinery; its hardness varies from 2% from over 30%, having lower
hardness values reliably threading but having less tapering flexibility. Conversely, those with
larger percentages may be cut to a45° angle but have less reliable threading. Brass wires should
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be glossy and brilliant since oxidation and contamination are indicated by dullness and
discoloration.
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Various varieties of coated EDM wires are available on the market today, and each has been
created to provide a distinct outcome based on the needs of the final workpiece or, in some
circumstances, to function better on a certain kind of machine. Brass wires are said to have
worse surface integrity and quality compared to coated wires, especially when used with
carbides and PCD materials [1]-[5].

Zinc Coated EDM Wire

These wires contain a copper or brass core and a very thin coating of pure zinc added to them.
This layer is around 2-3 microns thick. Typically, application involves electro-galvanization,
which allows for an atom-by-atom deposit of pure zinc upon that wire's body. This process
guarantees surface and thickness homogeneity.

Hot-dip zinc application is used on less costly coated wires since it is quicker and less accurate
than electro-galvanization, which results in a less expensive product. Hot dipping is inferior to
electro plating because it produces a worse surface and has lower precision and assured uniform
distribution. Coated wires may have coatings made of pure zinc or zinc-oxide and have tensile
strengths ranging from 420 to 900 N/mm?2. Zinc-oxide substitute will seem drab and grey
whereas pure zinc will retain its brilliant silver luster. Zinc-coated wires are advised for quick
roughing and enhanced work-piece surface polish on finishing cuts because they break less
often and cut more quickly than brass wire [6], [7].

Diffusion-Annealed & Gamma Phase EDM Wires

Some claim that wires with a higher zinc concentration make superior EDM electrodes.
However, creating EDM wire higher zinc percentages up to 40% is a challenge because at this
point, the crystalline structure shifts to a gamma phase, which may make the finished product
brittle and challenging to draw if not properly regulated. A thick layer of pure zinc (18-35 m)
is placed to a copper or brass core, which would be subsequently annealed in a special furnace
to produce wires with a greater surface zinc percentage. This annealing diffuses its pure zinc
covering into a brass and zinc mixture, enabling the zinc content to rise over the predetermined
threshold of 40%. Diffusion-annealed wire has a maximum zinc content of 45-47%. The wire
has a brown color-tone with tensile strengths that may vary from 430 to 900 N/mm?2. This kind
of wire is best for cutting with the highest level of precision and surface polish, as well as for
cutting tall workpieces quickly, in large quantities, and in situations where there aren't ideal
flushing circumstances. Diffusion-annealed wire may also be applied to a variety of substances,
including tool steel, aluminum, and graphite.
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A Product Focus - STAMMCUT EDM Wires

Following a review of the characteristics and varieties of wire electrodes used in EDM
machining, a case study of one of the top producers of EDM wire the German business Stam
explores some of the premium wire consumables offered on the market today.

The Heinrich Stam GmbH first established in 1815 as a mill for drawing brass wire and has
been run by the same family for seven generations. Since the 1970s, when the need for high-
quality consumables for EDM machining first emerged, Stam has been producing high-quality
EDM wires under the STAMMCUT® brand.

The STAMMCUT® product range is strictly controlled by a recognized quality management
system [that's also certified in accordance with DIN ISO 9001:2000], and every item is
completely recyclable and favorable to the environment. In order to maintain this dedication to
quality, the whole product line sold under the STAMMCUT® trademark and the development
stage both fulfill the most stringent requirements. This is accomplished in part by leveraging
internal galvanic facilities, raw materials, and a dedication to the creation of futuristic, creative
manufacturing facilities. In addition to the useful qualities, STAMMCUT® producers are
recognized globally for their industry knowledge and non-ferrous metallurgy competence,
providing a foundation for consistently high quality EDM Wire electrodes. The following
categories of STAMMCUT EDM Wires were sold internationally and produced in Germany:
Surface Finish, Efficiency, High Performance, and Standard/Brass.

Fine Wire

This product focus will look at six EDM Wire electrodes from the aforementioned categories
and weigh the benefits of spending more money on consumables of better grade.

STAMMCUT® - Surface Finish EDM Wires

High precision and precision, the superior surface conditions for the workpiece, in addition to
the best geometry and parallelism, are all claimed for the goods in this category. Those qualities
are attained by covering the electrodes with zinc and using internal galvanization lines, which
promote uniformity throughout the process and consistency throughout all products.

STAMMCUT TG

The available diameters are 0.20mm (0.008"), 0.25mm (0.10), and 0.30mm (0.12"). A gamma
period wire electrode, the STAMMCUT TG Wire is especially well suited for performance
cutting when combined with exquisite surface finishes due of its unique surface structure.
Compared to a typical brass wire, this wire electrode offers exceptional dimensional stability.
This product is compatible with automated threading technologies and may be used with a
range of machine types.

This is an electrode type used in all common mold and die manufacturing applications. When
work items need to have shallow levels of roughness, this hard electrode with such a zinc-
coated wire surface is employed. A high level of efficiency and a broad variety of applications
are guaranteed by the fast cutting rate with abrasion resistance. Including its low tensile
strength, the A500, which is the soft variant of the A950, is the ideal electrode when good
performance is absolutely necessary. Conical cuts benefit from its effectiveness in particular.
Both electrodes may be used on any current machine type and are universally appropriate for
automated threading.

STAMMCUT Performance EDM Wires

This category of items combines great cutting capability with exceptional accuracy attributes.
All machine types may find the appropriate power electrodes in this category. The
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STAMMCUT® performance electrodes are distinguished by their unique core materials,
various phase properties, and metallurgical compositions. A high-quality product is supplied
in every batch of this category of items since they are heat treated, manufactured on internal
galvanic lines, and thoroughly inspected for flaws.
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The STAMMCUT EDM Wire product line was examined in this article as an example of
higher-end consumables. It examines whether less expensive goods are cost-effective in light
of the larger issues facing company management throughout the current economy or whether
they are an example of false economy[1]-[4]. Machining speeds, precision, and accuracy have
all increased as wire EDM has developed. Increasing consumable and worn component
consumption, together with increased machining rates, all contribute to higher wire EDM
machine operating costs. The cost of the product is impacted by the rapid depletion of wire
guides, power supply connections, ion exchange resin, and filters. However, it should be taken
into account that the cost of downtime for maintenance is of bigger long-term effect to a firm
than the cost of consumables utilized during high-speed milling. The phony economy using
cheaper wire may be seen in a variety of circumstances, not only serious ones. Lower grade
items forfeit overall quality by having fewer accurate dimensions and a lower surface polish.
Because imperfections in EDM wire might lead to further problems, wire created from virgin
materials is preferable than wire made from recycled resources. Developed for its very high
degree of precision and capacity to work to millimeter accuracy, wire EDM is a specialist
machining method. Cheap, low-quality wire may compromise this. High quality EDM wires
are expensive to produce, whether they are made of cheaper plain brass wire or more expensive
coated wires. As a result, the price of the finished product is higher. The machine may be
dependable, continue to operate, and generate income thanks to the high-quality wires (Figure

1).
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Figure 1: Illustrates the STAMMCUT product comparison below for
surface finish vs. speed.
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Operational View of the EDM Machine Functioning

An essential procedure in the realm of micromachining is electrical discharge machining
(EDM). To properly deploy it in a industrial setting, a number of challenges must be resolved.
The processing time is one of these problems. This study examines the optimization of micro
EDM machining settings for both rough and fine machining. One example is choosing the
settings to provide the maximum material removal rate (MRR). The optimal surface roughness
is sought in the alternative situation. The rapid rate of electrode wear is one of the key
challenges associated with micro EDM. The paper presents a typical approach for optimizing
the micro EDM process and focuses on a particular combination of electrode and workpiece
material [S]-[7].

Applying a pulsing (ON/OFF) high-frequency current from the electrode to the workpiece in
EDM removes material. This gradually eliminates (erodes) very small amounts of material
from the workpiece. The workpiece and the electrode are both submerged in a substance known
as dielectric fluid. Typically, the tool is indeed the cathode and the workpiece is the anode. A
servo system maintains a tiny gap between both the workpiece and the tool of around 0.025
mm. To achieve the correct form and size of the job, a feed mechanism and appropriately
shaped tool are employed. The system's dielectric is continually filtered and circulated. After
the EDM process, there is no need for finishing or grinding.

Die sinking EDM, wire cut EDM, and micro EDM mill are the three main categories of EDM
based on the electrode utilized. An electrode is used in die sinking EDM, and the workpiece is
immersed in an insulating liquid. A power supply that powers the electrode is formed into the
desired shape is linked to the workpiece and electrode. The machine erodes the workpiece's
inverse form using the electrode's shape as a guide. One of the crucial, exact techniques often
used to creating mold cavities is this one. Figure 2 shows the die sinking EDM configuration.
The electrode in this kind of EDM is set up to resemble the desired cavity in the workpiece.
The kind of material, the area of the material to be machined, and the machining conditions all
affect the speed of the operation.
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Figure 2: Illustrates the die sinking EDM arrangement is presented.
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Micro-EDM is an EDM technique that uses electrodes with micro scale geometries (5 to 500
m in size) to remove material in sub-m3 units. A series of electrical discharges that take place
in an electrically isolated space between a tool electrode and a workpiece carry out the
machining process in EDM. A high temperature plasma channel is created in the gap during
the discharge pulses, which causes the workpiece to evaporate and melt and makes it possible
to machine it. Workpiece materials cannot be regarded as isotropic or totally homogenous due
to the scale effects with micro-EDM, where for example, the size of both the generated
characteristics to be created may be on an order equivalent to the grain size of the most common
engineering materials. Therefore, it is important to take into account how material
microstructures affect the micro machining process. As a result, it is impossible to immediately
scale down and apply to microscale machining the vast amount of accumulated knowledge and
experience that exists for macro-scale machining. This is particularly true when examining the
micro-scale surface quality of the EDM-machined pieces in Figure 1. One of a particular
machining process's key qualities is always thought to be the surface roughness it may produce.
The resultant surface roughness is much more significant when taking into account the unique
scale limits in micro-EDM since it would be extremely difficult or possibly impossible to apply
any further processing and hence enhance the surface quality. However, standard models are
unable to properly account for the created roughness in micro-scale machining. This is because
other parameters that must be taken into account at the micro scale are dictating the underlying
machining mechanism [1]-[5].

Figure 1: Illustrates a clear view on Microstructure of EDM.
Tensile Strength & Hardness of the EDM

A coil of copper wire is encircled by a nonconductive crucible that contains the charge of the
metal to be melted in such an induction furnace. Through the wire, a strong alternating current
is present. A quickly reversing magnetic field produced by the coil permeates the metal. By
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electromagnetic induction, the magnetic field causes circular electric currents called eddy
currents within the metal. The bulk metal is heated via Joule heating as a result of eddy currents
passing through its electrical resistance [3], [6]-[8]. The reversal of the molecular magnetic
dipoles within ferromagnetic materials like iron, known as magnetic hysteresis, may also cause
the substance to get heated. Once melted, these eddy currents enable the melt to be vigorously
stirred, ensuring proper mixing. The fact that heat is created inside the furnace's charge rather
than being supplied by a burning fuel or even other external heat source is a benefit of induction
heating, which may be crucial in situations where contamination is just a problem (see Figure
2).

Figure 2: Illustrates the Optimized Tensile Specimen.

Description about the Controller

The EDM machining setup consists of the following components.

Dielectric Reservoir and Circulation System

The EDM machine setup starts here, at the bottom. Deionized water and other dielectric media
are stored there. The dielectric medium is pumped from the reservoirs to the electrode using a
pumping mechanism.

Control Unit and Power Generator

The operational unit and control unit are connected with the CNC program, which regulates
the flow of dielectric in accordance with the needs of material cutting.

Tool Post and EDM Electrode Tool

Furthermore, as the wire itself serves as a tool in EDM machining, the EDM electrode or wire
is positioned on a tool post. The servo systems may also be part of the control mechanism in
addition to these parts. It aids in keeping the essential distance between the EDM wire as well
as the workpiece. The following actions are carried out during EDM machining. The operation
of an EDM machine may be summed up by these stages. Both the workpiece and the EDM
electrode are mounted. The electrode tip is maintained at a specified distance away from the
workpiece. The servo mechanism is used to do this. To submerge the workpiece into deionized
water, the supply of dielectric is switched on. The supply is then cut off.

Between both the workpiece and electrode, a potential difference is generated by sending
instructions via the power generating and control unit. Metal melts and vaporizes as a result of
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the tremendous thermal energy produced by the electrode as it produces an electric spark. The
electrode produces an intermittent electric spark, but it breaks when the layer of dielectric is
removed. Short repeated cycles of the workpiece being submerged, the creation of a potential
difference, as well as an electric spark continue to remove layers of material until the necessary
quantity has been removed. Precision machining may now use this approach more widely since
the control system of EDM machines is connected with CNC automation.

Bibliography

(11

(2]

(3]

[4]

(5]

[6]

(71

(8]

K. Jiang et al., “Investigation on the geometric evolution of microstructures in EDM

with a composite laminated electrode,” J. Clean. Prod., 2021, doi:
10.1016/j.jclepro.2021.126765.

X. Chu, W. Zhuang, W. Xue, X. Quan, W. Zhou, and T. Fu, “Electrolytic removal of
recast layers on micro-EDM microstructure surfaces,” Int. J. Adv. Manuf. Technol.,
2020, doi: 10.1007/s00170-020-05410-x.

L. C. Ehle, S. Schneider, A. Schwedt, S. Richter, A. Klink, and J. Mayer, “Electron
microscopic characterization of surface zones thermo-chemically modified by electrical
discharge  machining,” J.  Mater.  Process. Technol., 2020, doi:
10.1016/j.jmatprotec.2020.116596.

Z. Zhou et al., “Fabrication of microgrooves with secondary microstructures by
electrical discharge machining using a functionally graded laminated electrode,” J.
Micromechanics Microengineering, 2021, doi: 10.1088/1361-6439/abc96d.

M. Hourmand, S. Farahany, A. A. D. Sarhan, and M. Y. Noordin, “Investigating the
electrical discharge machining (EDM) parameter effects on Al-Mg2Si metal matrix
composite (MMC) for high material removal rate (MRR) and less EWR-RSM
approach,” Int. J. Adv. Manuf. Technol., 2015, doi: 10.1007/s00170-014-6491-2.

M. Niamat et al., “Effect of Different Dielectrics on Material Removal Rate, Electrode
Wear Rate and Microstructures in EDM,” 2017. doi: 10.1016/j.procir.2017.02.023.

Y. S. Liao, S. T. Chen, C. S. Lin, and T. J. Chuang, “Fabrication of high aspect ratio
microstructure arrays by micro reverse wire-EDM,” J. Micromechanics
Microengineering, 2005, doi: 10.1088/0960-1317/15/8/024.

W. Ming et al., “Critical review on sustainable techniques in electrical discharge
machining,” Joumnal of Manufacturing Processes. 2021. doi:
10.1016/j.jmapro.2021.10.035.



	COVER
	CONTENTS
	CHAPTER-1
	CHAPTER-2
	CHAPTER-3
	CHAPTER-4
	CHAPTER-5
	CHAPTER-6
	CHAPTER-7
	CHAPTER-8
	CHAPTER-9
	CHAPTER-10
	CHAPTER-11
	CHAPTER-12

