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I. INTRODUCTION 

Powder mixed electrochemical discharge machining (PMECDM) 

is an extension of the ECDM process. It is advanced hybrid 

machining process comprising the techniques of electrochemical 

machining (ECM) and electro discharge machining (EDM). The 

process is also referred as electrochemical spark machining 

(ECSM) process. The process is important since it can support a 

variety of materials including metals, ceramics, composites, 

alumina, glass, etc.The glass or quartz is usually bonded with the 

semi-conductive material due to their transparency, chemical-

resistant properties and so on. Likewise, the engineering ceramics 

is also used more and more often in the high-tech apparatus. But it 

becomes more difficult to be further machined once they are highly 

sintered. The machining by means of grinding results in many 

micro-cracks owing to the direct-contact force. The crack 

propagation causes difficulty in realizing the fine structures on a 

ceramic base. Anode (work piece) and cathode (tool) are separated 

by an powder mixed electrolyte. Graphite powder is used as 

abrasive material which has good thermal and electrical 

conductivity. The material removal takes place due to chemical 

reaction and spark generation. The electrochemical discharge 

machining (ECDM) has been proved to be a potential process for 

the machining of high-strength non-conductive materials. 

Electrochemical spark micromachining process (ECSMM) is a 

process suitable for micromachining of electrically non-conducting 

materials.  ECDM uses strong electric fields and chemical reactions 

to etch glass substrates.  A DC voltage is applied between the tool 

and counter electrode with the tool located a few micrometers 

above the target etch site.  Explore a new method of micro- 

machining, electro-chemical discharge machining (ECDM) to 

create robust and inexpensive micro-scale fluidic channels for bio-

analyticaldevices.  

      

Fig 1.0(a) Powder mixed electrochemical discharge machining 

II. . LITERATURE REVIEW 

 A study of literature shows that Powder Mixed electrochemical 

discharge machining can support variety of materials for 

micromachining including metals, ceramics, glass, and alumina. 

Various researcher presented research paper this topic such as, (H. 

KuraFuji et al, 1968), MRR increases with voltage and 

concentration but at higher concentration over cut is also increased 

hence for accuracy purpose lower concentration is preferred.(J. 

Kozak et al, 1989), Tool shape is also a prominent factor, Rotation 

of tool improves performance in machining, Flat end is most 

effective.(Gautam, Naveen and Jain V.K 1998), Rotation of tool 

improves performance but max depth attained is at lower RPM.(B. 

Doloi, B. Bhattacharyya and S. K. Sorkhel. August 1999), MRR 

increases with voltage and concentration but at higher 

concentration over cut is also increased hence for accuracy purpose 

lower concentration is preferred; Tool shape is also a prominent 

factor. Flat end is most effective. Improvement in machining 

accuracy can be achieved by modifying electrolyte flow 

distribution, Need of fresh electrolyte; Tool material should have 

good electrical conductivity. (A.V. Kulkarni 2000), A mechanism 

for physical operation of ECDM based on the observations of time-

varying current measurements is proposed. When an isolating film 
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of hydrogen gas bubbles covers the cathode tip portion in the 

electrolyte, a large dynamic resistance is present and the current 

through the circuit becomes almost zero. A high electric field of the 

order of 107 V/m gets generated across the cathode tip and isolated 

electrolyte causing an arc dis- charge within the gas layers 

covering the tip. The electrons flow towards the workpiece kept 

near the cathode tip. This flow of electron is seen as a current spike 

of about 20 A or more for a short duration of a few milliseconds. 

This bombardment of electrons raises the temperature of the 

workpiece momentarily and then the temperature decreases due to 

quenching. Synchronized study of the process revealed that the 

discharge temperature rise is due to the bombardment of the 

electrons generated during the discharge process. Geometry of the 

discharge-striking zone, and hence, the machining can be 

performed in the micron region using this process. The dimensions 

can be further reduced by reducing the geometry of the cathode tip, 

and by careful design of the process and its parameters. Close-loop 

control of the process can be achieved.(R. Wuthrich et al, 2003), 

M.R.R increase with electrolyte concentration and voltage, Feeding 

mechanism can influence the machining performance.(C.T. Yang 

et al, 2005), Adding abrasive to the electrolyte increases critical 

voltage  and reduces slit expansion, Surface roughness gets 

reduced, MRR increases with increase in abrasive 

concentration.(Min Seop Han et al,  2011 ), Surface roughness 

reduces and geometrical accuracy increases as smooth surface can 

be produced, Use of 0.5-1.0 wt.% graphite powder is preferred as 

micro cracks  on glass are significantly reduced(Y.S. Liao et al, 

2013), It is verified that the ECDM can be applied for slicing 

meso-size non-conductive brittle materials of several millimeters 

thick. The electrolyte supply is investigated for more stable and 

stronger spark release. 

III.  POWDER MIXED ECDM 

3.1 INTRODUCTION 

PMECDM is an extension of the ECDM process. The electrolyte 

cell is similar to that used in ECM. In ECDM, anode is made up of 

inert material while cathode normally is made of copper. Dilute 

hydrochloric acid (HCl) or NaOH is generally used as the 

electrolyte. When a voltage is applied to the cell in proper polarity, 

i.e., positive terminal to anode and negative terminal to cathode, 

reduction of electrolyte with liberation of hydrogen gas takes place 

at the cathode tip.  This is similar to the ECM process. When the 

applied voltage is increased beyond a threshold value, hydrogen 

gas bubbles evolve in large number at the tip of the cathode and 

grow in size. Discharge occurs at the tip of the cathode. Machining 

takes place on the work piece surface kept near the cathode tip 

where discharge occurs. 

      

 Fig 3.0(a) Glass machining using PMECDM 

3.2 ROTARY POWDER MIXED ECDM 

One of the effective means of improving machining accuracy and 

smoothing is to impart a rotating movement to the  electrode. 

Rotation of tool improves performance but max depth attained is at 

lower RPM. 

 

       Fig 3.1(a) Rotary powder mixed ECDM 

3.3 MACHINING IN POWDER MIXED ECDM 

The scheme of rotary PMECDM is shown in Figure 3.2-(a) The 

rotating tool-electrode (TE) is connected to the negative polarity, 

while the workpiece (WP) is connected to the positive polarity of a 

pulse generator or continuous power supply of direct current. There 

is a gap between the electrodes through which electrolyte flow. 

During machining, the rotating tool-electrode is set at the depth of 

cut g0, while the workpiece (or tool) moves with a feed rate Vf  fig 

3.1 (b). In RECDM process, the machining region is established in 

two zones: EC with electrochemical dissolution and electrical 

discharge zone ED. Electrical discharges in ED zone can be created 

by electrical breakdown of the vapor- gas layer as well as by 

instantaneous short-circuits between the electrodes. In both cases, 

the deciding factor is the appearance of vapor-gas layers resulting 
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mainly by heating of the electrolyte to the boiling point. In reality, 

the dimensions of both zones EC and ED fluctuate. It is so because, 

during the electrical discharges, the hydrodynamic conditions in 

these zones are changing, and also, local gaps are periodically 

changing with time. Due to the effect of electrical erosions on the 

machining surface, a large number of craters are formed in ED 

zone. These surface irregularities are subject of electrochemical 

smoothing by dissolution in the EC zone and roughness is reduced. 

Therefore better quality of machined surface and simultaneously 

larger MRR in RECDM than in ECM or EDM. 

 

           Fig 3.2(a) Machining in Rotary PMECDM. 

 

   Fig 3.2(b) Cause and Effect diagram for MRR 

 M.R.R increase with electrolyte concentration and 

voltage 

 MRR increases with increase in abrasive concentration. 

 With higher voltage and higher duty factor, the MRR is 

greater but micro cracks and other defects are generated, 

also glass cracks. 

 Voltage applied has the largest influence on the MRR. 

 Tool shape is also a prominent factor. Flat end is most 

effective. 

 Tool material should have good electrical conductivity. 

 Improvement in machining accuracy can be achieved by 

modifying electrolyte flow distribution 

      3.4 APPLICATIONS 

 To create robust and inexpensive micro-scale fluidic 

channels for bio-analytical devices. 

 Micro-seam welding of copper plates and foils 

 Fabrication of miniature components 

 Heat treatment 

 the ideal technology for the processing of metal bonded 

grinding wheels and hence for the grinding of modern 

cutting materials 

 

 Fig 4.0(a) Glass Wafer 

3.5 CASE STUDY 

Objective of case study is to find out the effect of powder mixed 

electrolyte on MRR (material removal rate and depth of cut (DOC) 

in ECDM process. This case study is carried out in  CiDRA® 

Precision Services, LLC is an industry leading supplier of precision 

machining services for glass, Alumina, ceramic, sapphire, and hard 

metal materials. They also provide drilling, milling, grinding, and 

polishing facilities with highest quality to the customer. For glass 

applications requiring special features, CiDRA® Precision 

Services, LLC offer polishing, coatings, glass strengthening and 

glass forming. They also have the micron level inspection tools 

necessary to guarantee dimensional requirements of customer. 
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Factors 

 

Applied 

Voltage(

V) 

 

Duty 

Cycle 

 

Concen

tration(

%) 

 

Pulse 

on 

Time 

(ms) 

 

Coding 

 

H 

 

65 0.80 50 1500 +1 

M 

 

60 0.72 40 1000 0 

L 

 

55 0.64 30 500 -1 

Table 1 Input Parameters- Levels and coding  

Gravity feed experimental set up 

In gravity feed experimental set up micro drilling operation 

is performed by providing gravity feed motion to the tool. It 

consists of auxiliary electrode (Anode), Tool (Cathode), 

electrolyte tank. When the voltage is applied to the 

electrochemical cell, electrochemical spark generated 

between the electrolyte and tool which results in material 

removal from the work piece. Experiments are designed 

according to taguchi L9 orthogonal array. Table 2 shows 

process parameters with their level for this experiment. 

          Fig5.0 (a) Gravity feed Experimental Set Up 

 

 

 

 

 

 

 

 

 

 

Exp. 
Voltage 

(volt) 
Duty  

Pulse 

Time 

(μs) 

Conc.    

( %) 

MRR 

(gm/Min.) 

DOC 

(mm) 

1 65 0.8 50 1500 0.61 0.653 

2 65 0.72 40 1000 0.27 0.748 

3 65 0.64 30 500 0.21 0.35 

4 60 0.8 40 500 0.19 0.5 

5 60 0.72 30 1500 0.37 0.989 

6 60 0.64 50 1000 0.22 0.992 

7 55 0.8 30 1000 0.62 0.781 

8 55 0.72 50 500 0.28 0.403 

9 55 0.64 40 1500 0.17 0.748 

Observation Data For Copper Tool In ECDM 
 

1: MRR calculated by measuring the difference in weight of work 

piece before and after machining and drilling time required to drill 

The through hole. 

2: DOC is measure using profile projector. 

    D C  Maximum Diameter of circle having all profile points of 

drilled hole     Tool diameter 

Exp. 
Voltage 

(volt) 
Duty  

Pulse 

Time 

(μs) 

Conc.    

( %) 

MRR 

(gm/Min.) 

DOC 

(mm) 

1 65 0.8 50 1500 0.75 0.653 

2 65 0.72 40 1000 0.4 0.748 

3 65 0.64 30 500 0.35 0.35 

4 60 0.8 40 500 0.32 0.5 

5 60 0.72 30 1500 0.5 0.989 

6 60 0.64 50 1000 0.35 0.992 

7 55 0.8 30 1000 0.75 0.781 

8 55 0.72 50 500 0.4 0.403 

9 55 0.64 40 1500 0.3 0.748 

Observation Data For Copper Tool In Powder Mixed 

ECDM 
 

From the above experiment and calculations it is clear that with the 

use of powder mixed electrolyte, Surface roughness gets reduced 

and MRR increases with increase in abrasive concentration while 

DOC remains same. 

IV. . CONCLUSION 

The following conclusions are drawn from this study. Powder 

mixed electrochemical discharge machining is best method for 

processing of high strength non conducting material. It combines 

both the advantages of EDM and ECM. Abrasive powder mixed 

with electrolyte improve material removal rate(MRR) and 

dimensional accuracy of workpiece. The input parameters like 

electrolyte concentration, D.C voltage, pulse ON time have more 

influence on MRR. 

 

 

 

 

 

Work Piece 

Material 

Alumina (40x40x4 mm) 

 

Tool 

Materials 

 

 

Copper 

Electrolyte 

 
Potassium hydroxide(KOH) 

Reference 

Electrode 

material 

 

Graphite 

 

Tool Feed 

Method 

 

Gravity Feed 

 

Abrasive 

powder 

 

Graphite powder 
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