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ABSTRACT 

Cutting and shaping metals, metal alloys, and other conductive materials using thin 

wire EDM (Electrical Discharge Machining) is a unique and effective technique. As a 

result, no additional finishing or polishing is necessary. It is possible to produce 

apertures and features with tolerances of 5 microns using Precision Micro's very 

precise CNC-driven Wire EDM equipment. It is possible to obtain surface finishes as 

low as Ra 0.1m, which removes the need for further polishing in many cases. It's a 

very precise and reproducible procedure. It creates sidewalls that are very accurate 

and parallel, making it possible to stack numerous components made of sheet 

material. Rotating the wire axis before or during the operation allows for taper cuts, 

free curves, and complicated forms to be created. Components made by etching or 

electroforming may include wire EDM elements to provide aspect ratios that are 

beyond the capability of those methods. For multi-cavity work and high-precision 

finishing, we use the same software across all of our milling and turning processes. 

Since the Wire EDM used by Precision Micro is digitally operated, fixtures and 

tooling are not required for one-of-a-kind or short-run manufacturing runs of 

components. In most cases, further finishing is not required, and components may 

be assembled right away, cutting down on the time it takes to develop and deliver. 

With the advent of Wire-EDM machines, the pulse-generating circuit has been widely 
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used, which utilises minimal power for igniting while utilising high power for cutting 

tasks. Even yet, the high-voltage sub-circuit energy produced is too high to achieve a 

required fine surface, no matter how short the pulse-on time is given, making it 

unsuitable for finishing processes. Wire-EDM surface finishing processes and 

dimensions are highlighted in this paper. 

 

Keywords : Electrical Discharge Machining, EDM, Wire-EDM, Mechanical Process, 

Manufacturing, Production 

 

I. INTRODUCTION 

To perform Wire-Cut EDM, a single-strand metal wire is passed through the 

workpiece while immersed in a tank of dielectric fluid or deionized water. WEDMing 

is also known as Wire-Cut EDM. This liquid aids in the cooling and removal of the 

removed material from the cutting process. Cutting conductive materials with an 

electric current in the Wire EDM method leaves a smooth surface that doesn't need 

to be finished or polished [1]. 

Any conductive material, even hard metals that are too difficult to manufacture with 

conventional techniques, such as metal alloys, graphite, carbide, and diamond, may 

be cut to size with this procedure, as well as punches, tools, and dies. An upper and 

a lower diamond guide hold the wire in place. To cut tapered and transitional forms, 

the guides move in the (X-Y) plane under the direction of a CNC. The top guide may 

also move independently in the (Z-U-V) axis. Intricate and delicate forms may be 

programmed into the Wire-Cut EDM. When minimal residual stresses are required, 

wire EDM is often employed. Wire EDM. With no cutting forces, wire EDM has no 

additional residual tension. By virtue of the minimal residual stresses in Wire 

EDMing, a material's mechanical characteristics aren't substantially changed 

throughout the process [2]. 

Cutting is done by the erosion that happens when a spark develops between the 

cutting wire and the raw material. The cutting wire never touches the material. There 

are many different speeds in a standard Wire EDM process. To remove a significant 
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quantity of material quickly and accurately, the first pass is usually rapid and low-

accuracy [3]. As time goes on, skim passes will remove less material while 

increasing the cut's surface cleanliness and precision. Complicated cut-outs may be 

achieved by using a Wire EDM to thread a pre-drilled hole through a raw material 

before starting to cut. Die extrusion, punching blanks, and metal and tool 

manufacturing are all uses for wire EDM. A wide range of industries use Wire EDM 

to make components such as those in automotive and aerospace as well as medical, 

energy, die/mold, and industrial as well as micro production. As an essential 

component of the part creation process, wire EDMs can also be found at many job 

shops throughout the country [4, 5]. 

 

II. EXPLORATION PERSPECTIVES 

The "Super Jet AWT" is the world's fastest auto wire threading device thanks to the 

addition of a new annealing function to Sodick's traditional jet wire threading 

technology. The wire is heated, stretched, and then cut as part of the annealing 

process. With this new feature, threading wire through a submerged workpiece or a 

hole with a tiny diameter will be much easier [6]. 

It's easier to thread wire through workpieces with pockets on the top and bottom 

surfaces while using "Super Jet AWT" because of the increased success rate. 

New guide choices improve machining accuracy, increase tool life, and reduce 

operating costs. • New guide options. 

Disposal unit for wire tips can deal with thin wires and improve threading reliability. 

With annealed and heat cut wire, the threading through tall work parts is easier and 

more reliable. 

Previously only skilled engineers were able to conduct high-precision machining, but 

today anybody can. 

High precision machining of complicated forms with stepped height is becoming 

more necessary in Wire EDMing of components. High-precision linear motors and 

automated surface finishing of complex-shaped workpieces without the need to 
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change machining settings are just two of the many features of the newest Sodick 

Wire EDM machines. 

The newest "Discharging Gap Detection Circuit" on the machine allows it to 

accurately identify the discharge gap condition throughout roughing and finishing, 

allowing for optimal servo control even during the finishing process. Auto Stepped 

Height Machining No special processing conditions are required when working with 

workpieces of various thicknesses; the machine automatically adjusts and even 

complicated forms may be machined. 

45-degree Taper Flex - Taper Flex 45 is an alternative for more sophisticated 45-

degree high angle taper cutting In order to utilise Taper Flex 45, no prior experience 

is necessary. A compensating jig, high angle guides, and specialist software make 

up the feature. 

 

III. WIRE CUT AND CLASSICAL EDM 

EDM comes in two flavours: traditional and wire. An electric current is dispersed 

using a tool in conventional EDM. a tool called a cathode is used to melt or 

evaporate a metal piece called an anode by passing an electric current through it. 

Even if there is any debris, it is washed away by the dielectric fluid. Wire cut EDM 

(also known as WCEDM) uses a taut, thin wire as the cathode to discharge the 

electrified current along the desired cutting path (also known as the kerf). The wire 

and workpiece are submerged in a dielectric fluid, which filters and directs the 

sparks. Using a thin wire enables for precise cuts up to three inches wide with 

positioning accuracy of +/- 0.0002". In addition to punches and dies, high precision 

die-cutting allows for complicated three-dimensional cuts and the production of high-

precision strips of metal (plates). 

Using CNC instruments, wire-cut EDM equipment is operated by computer 

numerically controlled (CNC) instruments, giving it more flexibility. Wire EDM's 

greater accuracy enables for more complex patterns and cuts than can be achieved 

with traditional EDM's lack of precision. Wire EDM can also cut metals down to a 

thickness of 0.004". At some point in the process of wire EDM, the metal will just 
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evaporate, removing any possibility of generating waste. Due to the fact that the 

WCEDM wire produces sparks from all sides, the incision must be much larger than 

the wire itself. This is to say that as long as the wire is completely encircled by an 

electric field, the smallest and most accurate cutting route is that created by the ring 

and wire itself. Technicians can easily account for this extra dimension. Wires are 

becoming thinner and thinner as technology advances, allowing for lower kerfs and 

even greater accuracy in cutting tools [7, 8]. 

Manufacturers utilise wire cut EDM operations for a wide variety of applications 

because to their flexibility. Tiny, highly detailed objects that would usually be too 

fragile for other machining choices may be produced with this technique since it can 

cut extremely small parts. Additionally, the method is cost-effective for small projects 

and may be useful in prototype production, even if the final project is carried out in a 

different way [9, 10]. 

In this procedure, it's critical to remember that the wire is continuously shifting and 

should never be reused. As a consequence, the copper, brass, or other metallic wire 

may be miles long, raising the price.  Thermal stress may occur even when using a 

technique that doesn't utilise force and thus doesn't leave burrs and can be used on 

more fragile objects. 

Die-sink To prevent the eroding of tungsten electrical contacts from sparking, two 

Russian scientists, B. R. Butinzky and N. I. Lazarenko, were assigned a project in 

1943. They failed miserably, but they did discover that submerging the electrodes in 

a dielectric fluid helped prevent erosion. A difficult-to-machine material such as 

tungsten led to the invention of an EDM machine. RC stands for resistor–capacitor 

circuit, and the Lazarenkos' machine is known as an R-C type machine. 

The Harold Stark, Victor Harding, and Jack Beaver American trio created an EDM 

machine for removing damaged drills and taps from aluminium castings at the same 

time, but separately. They failed miserably when they first built their devices using 

flimsy electric etching tools. With the development of more powerful spark 

generators and the use of an electromagnetic interrupter system, practical devices 

were created. The devices developed by Stark, Harding, and Beaver were capable 
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of generating 60 sparks per second. Due to the vacuum tubes employed in later 

machines based on their design, cutting speed was increased by several thousand 

times. 

 

IV. ANALYTICS ON FINE SURFACE 

According to the aforementioned research, machining voltage, current-limiting 

resistance, capacitance, and the kind of pulse-generating circuit, as well as the 

usage of a dielectric with a reduced conductivity, all have a substantial impact on 

finishing surface roughness. A 15 S/cm conductivity dielectric has been used in 

completing operation experiments that use a positive-polarity dc pulse-generating 

circuit with 100V of voltage and no capacitance. Figure 8 depicts the observed 

surface roughness after raising the resistance values progressively. An eventual fine 

surface with Ra = 0.22 m roughness may be produced by use of positive-polarity DC 

pulse-generating circuit and low discharging energy. The discharge energy may be 

reduced even more by using a high resistance such as 125 . Although sparks are 

prevented, discontinuous discharge occurs and a wire mark is left on the machined 

surface. A modest voltage of 75V produces the same effect in the same way. In 

order to guarantee the occurrence of a discharge spark while machining at a lower 

voltage, a narrower space between the wire and the workpiece is required. However, 

the electrostatic force between the anode and cathode increases when the wire is 

near to the workpiece. Increased wire deflection due to this attracting attraction 

makes finishing more difficult. As a result, it's suggested that the circuit's final 

operating voltage be fixed at 100 volts. Gradually adjusting the resistance until a 

smooth surface is obtained. The ac pulse-generating circuit is also tested for 

comparison's sake, and the findings are presented. Roughness Ra = 0.34 _m may 

be produced by discharging the same amount of energy. Table 3 lists the machining 

procedures used in the aforementioned tests, which used a dc pulse-generating 

circuit and positive polarity. The original roughing pulse-generating circuit (PS1) and 

the updated finishing pulse-generating circuit (PS2) are shown in the table as PS1 

and PS2, respectively. To measure the cutting depth, you move a thin wire away 
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from the workpiece and then back toward it again. After 13 machining procedures, a 

smooth surface with a Ra of 0.22 _m was achieved. While the impacts of the pulse-

generating system and associated factors on machined surface roughness in 

finishing operations are of primary interest in this study, a strategy to decrease the 

number of machining processes is not excluded but is currently under consideration. 

A high voltage of 150V, a dc pulse-generating circuit of positive polarity, and 

decreasing discharging energy were all used in tests to see whether a greater power 

combined with a higher resistance led to improved machined surface roughness. 

The end product is shown for everyone to see. Even though the wire is further away 

from the workpiece in this experiment, a successful ignition is still more readily 

achieved than in the prior one. It was found that the discharge sparks were weak and 

irregular, therefore it's imperative that you move the wire closer to your workpiece 

while you're machining it. A high resistance over 150 ohms would also decrease the 

discharging energy and result in feeble discharging sparks. Even if the wire is moved 

extremely near to the workpiece, this makes the finishing process difficult to 

complete. 

 

 

Fig. 1. Roughness and Resistance in Circuits
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Fig. 2. Resistance and Surface roughness at 150V. 
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Fig. 3. Surface roughness vs. wire tension along two different directions. 

 

 

Fig. 4. Surface roughness vs. resistance along two different directions. 

 

On the same workpiece, the figure illustrates how the observed surface roughness 

changes with resistance of a positive-polarity dc pulse-generating circuit and a 100V 

voltage. The wire feeding direction produces better surface roughness than the 
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cutting direction. The machined surface in the wire feeding direction is mostly 

produced by collected craters during the finishing process. However, along the 

machining direction, the wire's velocity, vibration, and deflection would all be factors. 

In this way, the actual surface roughness is closer to the ideal than the measured 

surface roughness along the wire feeding direction. With a positive polarity dc pulse-

generating circuit and a voltage of 100V, surface roughness may be detected in two 

distinct directions with regard to wire tension as shown in Figure. Vibration of the 

wire increases as wire tension lowers. However, there is very little fluctuation in the 

wire feeding direction. This implies that a fine surface may be produced by 

employing a large wire tension that is both stable and constant. 

 

CONCLUSION 

When using an EDM tool, thousands of sparks are discharged into the metal 

workpiece, resulting in a shattered surface. Instead of using traditional machining 

methods, EDM uses non-ferrous metals such as steel and titanium to cut 

components that are resistant to conventional methods. This technique only works 

on materials that are electrically conductive. Rather of cutting the material, EDM 

vaporises or melts it, resulting in little waste and a very precise line. Since EDM is so 

flexible, can cut strong metals, and takes up so little workspace, it has gained 

widespread adoption in the industry. 
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