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Abstract- Electrochemical machining is one of the most potential unconventional machining process based on the 
phenomenon of electrolysis. This process requires maintaining a small gap the interelectrode gap (IEG) between the anode 
(work piece) and the cathode (tool-electrode) in order to achieve acceptable machining results. Electrochemical machining 
has established itself as one of the major alternatives to conventional methods for machining hard materials and complex 
contours without the residual stresses and tool wear. Studies on Material removal rate (MRR) are of utmost importance in 
ECM, since it is one of the determining factors in the process decisions. This paper deals that to investigate the improvement 
in the MRR of electrochemical machining on AISI 1035 by using rotating tool. Three parameters were chosen as process 
variables: Feed rate, energy and electrolyte discharge rate. Experimental MRR has been calculated for three different jet 
configurations under rotating and stationery conditions. The experimental results indicate that the electrochemical machining 
of AISI 1035 by using rotating tool gives better MRR for all jet configurations. 
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II. INTRODUCTION 
 
Electrochemical Machining (ECM) is a non-
traditional machining (NTM) process belonging to 
electrochemical category. ECM is opposite of 
electrochemical or galvanic coating or deposition 
process. Thus ECM can be thought of a controlled 
anodic dissolution at atomic level of the work piece 
that is electrically conductive by a shaped tool due to 
flow of high current at relatively low potential 
difference through an electrolyte which is quite often 
water based neutral salt solution. The machining 
processes are non-traditional in the sense that they do 
not employ traditional tools for metal removal and 
instead they directly use other forms of energy. The 
problems of high complexity in shape, size and 
higher demand for product accuracy and surface 
finish can be solved through non-traditional methods. 
 
Electrochemical Machining (ECM) has tremendous 
potential because of flexibility of its applications, and 
it is expected that it would be a promising, successful, 
and commercially viable machining process in the 
modern manufacturing industries. ECM was 
developed initially to machine the hard alloys, 
although any metal can so be machined. 
Electrochemical machining is developed on the 
principle of Faradays and Ohm. In this process, an 
electrolyte cell is formed by the anode (work piece) 
and the cathode (tool) in the midst of a following 
electrolyte. ECM has more advantages over other 
machining processes such as no tool wear, absence of 
stress/burr, high material removal, smooth surface 
finish and the ability to machine complex shapes in 
materials regardless of their hardness. ECM is an 
imaging process, where the cathode tool moves with 
a certain feed rate (0.1 to 2 mm/min) to-wards the 

work piece and its negative mirror shape is 
reproduced in the work piece. The purpose of this 
work is to investigate the improvement in the material 
removal rate of electrochemical machining of AISI 
1035 by using rotating tool. The effect of feed rate, 
energy and electrolyte discharge rate on AISI 1035 is 
also presented. 
 
II. WORKING PRINCIPLE OF ECM 
 
Here, work piece and tool are anode and cathode 
respectively, separated by an electrolyte. When an 
electric current of high density and low voltage is 
passed through the electrolyte, the anode work piece 
dissolves locally. So the final shape of the generated 
work piece is approximately a negative mirror image 
of the tool. The metal is removed by the controlled 
dissolution of the anode according to the well known 
Faradays law of electrolysis. The electrolyte, which is 
generally a concentrated salt solution flows through 
the inter electrode gap with high velocity to intensify 
the mass transfer through the sub layer near anode 
and to remove the sludge, heat and gas bubbles 
generated in the gap. when the electrode are 
connected to about 20 v electric supply source, flow 
of current in the electrolyte is established due to 
positively charged ion being attracted towards 
cathode and vice-versa. Machining performance in 
ECM is governed by the anodic behavior of the work 
piece material in a given electrolyte. When a potential 
difference is applied across the electrodes, several 
possible reactions can occur at the anode and cathode. 
The salt is not consumed in the electrochemical 
processes; therefore, for keeping constant 
concentration level of electrolyte, it may be necessary 
to add more water. With this metal-electrolyte 
combination occurs, due to electrolysis the 
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dissolution of iron from the anode, and the generation 
of hydrogen at the cathode. Thus the metal is 
removed in the form of sludge and precipitated in 
electrolytic cell. No other action takes place at the 
electrodes. 
ECM is a controlled anodic dissolution process which 
is shown in fig. 1. 
 

 
Fig.1: Principle of ECM 

 
III. EXPERIMENTATION 
 
The experimental setup includes an electrochemical 
machining unit, control panel and electrolyte tank. 
The power is supplied to the machining unit through 
a control panel. The power supply is a perfect 
integration of, high current electrical, power 
electronics and precision programmable 
microcontroller based technologies. Since the 
machine operates at very low voltage, there are no 
chances of any electrical shocks during operation. 
The control panel consists of LED’s showing current, 
voltage, feed rate and time. The electrolyte used is 
NaCl aqua solution. The electrolyte is pumped from a 
tank, lined by corrosion resistant coating with the 
help of corrosion resistant pump & is fed to the job. 
Spent electrolyte will return to the tank. The 
hydroxide sludge arising will settle at the bottom of 
the tank & can be easily drained out. A rotameter is 
employed to measure the discharge rate of the 
electrolyte. Copper tool has been used as an electrode 
and the pressurized electrolyte passes through the 
electrode. The arrangement is shown in fig. 2. 
 

 
Fig.2: ECM arrangement 

The machining unit includes a spindle through which 
the electrode is inserted. The work piece is fixed in a 
vise and moved to the appropriate position using hand 
wheels. The maximum permissible current is set and 
the inter electrode gap is accurately set by touching 
the electrode and then feeding the electrode in reverse 
direction for a specified time. The performance of 
ECM is observed in terms of MRR with respect to 
feed rate, energy and electrolyte discharge rate. IEG 
of 0.1mm and a tool rotational speed of 2 rpm were 
set throughout the experiments. Then the machining 
was done for the set values. The chemical 
composition of work material is presented in Tab.1. 
Three different electrolyte jet configured tools were 
made of electrolytic copper with the same number of 
jet. The experiments were conducted three minutes 
and the results were recorded. Sartorius electronic 
weighing machine with 1 mg accuracy was used for 
measuring the metal removal (gm). The complete 
working environment of the experiment is shown in 
Tab.2. Three different electrolyte jet configurations 
selected is shown in fig. 3. 
 

 
Fig.3: Three different electrolyte jet     configurations 

 
Table1: Chemical Composition of AISI 1035 

 
 

Table2: Complete Working Conditions 
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IV. RESULTS AND DISCUSSION 
 
The material removal rate of the electrochemical 
machining process is influenced by rotary action of 
tool. The major influencing variables like feed rate, 
energy consumption and electrolyte discharge rate in 
AISI 1035 have been studied under stationery and 
rotating conditions. 
4.1 The Influence of feed rate on MRR 
The machinability of ECM depends on the electrical 
conductivity of the electrolyte, feed rate of electrode, 
inter electrode gap and electrolyte flow rate fig.4 for 
three different electrolyte jet configurations under 
stationery and rotating tools using NaCl aqua 
solution. The electrode feed rate has enormous effect 
on MRR and it increases with increase in feed rate. 
This result was expected because the material 
removal rate increases with feed rate because the 
machining time decreases.. The significant effect of 
rotary action of tool over MRR is better than the 
stationery tool. Rotating tool with circular 
configuration of electrolyte jet (fig. 4 (a)) has 
removed the material up to 0.86 mm/min of feed rate 
condition compared with the stationery tool of 0.75 
mm/min as feed rate. Beyond that the possibility of 
touching the tool with work piece and subsequently 
causes the short circuit. So there is no metal removal 
action. Rotary action prevents short circuit resulting 
in better MRR. Rotary action of square and spiral jet 
configured tools (fig. 4 b & 4 c) yield the same 
behavior but little inferior to circular jet configuration 
under both conditions. Circular configured tool yields 
450 mm3/min of MRR at 0.86 mm/min as feed rate 
under rotating condition. The experimental results 
revealed that rotating tool with circular configuration 
of jet gives better MRR. 
4.2 The Influence of energy on MRR 
The effect of energy on material removal rate is 
shown in fig.5. The experimental results indicate that 
the MRR has a linear relationship with energy 
because of Faraday’s laws. It is observed from the 
fig.5(a) that 1 kJ energy has approximately been 
consumed for removing 1 mm3/min under rotating 
tool with circular jet configuration. But stationery 
tool consumes less energy and yields lower MRR. 
 

 
Fig.4: Effect of feed rate on Material removal rate under 

stationery and rotating tool conditions. 

The spiral and square configured tools also respond to 
rotary action for yielding better MRR. It is noted 
from fig. 5(b), square jet configured tool consumes 
maximum energy for removal of minimum metal 
compared to other jet configuration. 
 

 
Fig.5: Effect of energy on Material removal rate under 

stationery and rotating tool conditions 
 
4.3 The Influence of electrolyte discharge rate on 
MRR 
The correlation between MRR and electrolyte flow 
rate is also interesting. For NaCl aqua solution, the 
MRR seems gradually to reduce with increasing 
volume of flow for both conditions of tool. The 
possibility of higher volume of flow occurs at 
stationery condition of all jet configured tools which 
is shown in figure 6. At rotating tool with lower 
volume of flow has given better MRR. A good 
response on MRR is observed under rotating tool of 
all jet configurations, on the other hand, there is no 
significant effect is noted from fig.6 (a & b) under 
stationery tool of circular and square jet 
configurations for a range between 11 and 15 lpm as 
electrolyte discharge rate. The experimental results 
exposed that rotating tools of all jet configurations 
respond to MRR in better manner for different 
electrolyte discharge rate. 
 

 
Fig.6: Effect of electrolyte discharge rate on Material removal 

rate under stationery and rotating tool conditions 
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CONCLUSION 
 
In this study, experimental investigations have been 
ma-de for improving the material removal rate of 
Electrochemical machining under rotating tool of 
different electrolyte jet configurations. Further it also 
presents a comparative study, between rotating and 
stationery tools. The effects of major influencing 
parameters of feed rate, energy consumption and 
electrolyte discharge rate have been studied for 
improving the material removal rate under rotating 
condition. The following observations are noted. 
The value of MRR is found to increase with the feed 
rate, energy and decrease in electrolyte discharge rate 
under stationery and rotating tools. 
 
Machining of AISI 1035 by using sodium chloride 
aqua solution under rotating tool with circular jet 
configuration at a feed rate of 0.86 mm/min gives 
better MRR of around 450 mm3/min. Different 
electrolyte jet configured tools under-taken in the 
study can be ranked in increasing order of their 
performance in MRR under rotating condition as: 
The experimental results reveal that the 
electrochemical machining of AISI 1035 by using 
rotating tools of all jet configurations give better 
MRR. 
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