
�� �� �� �� �� �� �� �� �� �	 �
 �� ��
���
�����������������������������
�������������������������������������������������


��� � ���!��������� ���"�����������������!�����������������������#�����������$���%�&������� 
�'���������������(�)�������$���*���+���������������)�
���������!���������$�����!�������'��
�#���!�����������'

�,�������+���-���,���'����
�.�����������+����������� ���#���!���������!�����������'���������������'�-���/�0�1���������������������


�#���������+�-�������2����
�.�����������+����������� ���#���!���������!�����������'���������������'�-���/�0�1���������������������


�,�������+���-�������+����
�.�����������+����������� ���#���!���������!�����������'���������������'�-���/�0�1���������������������


�����������3�4�4�$�����5�����'�4�6�7�5�8�6�7�9�4�:�:�;�8�<�6�8

�= �> �� �� �? ���������'���������5���9���@�A�B�-�������5�6�7�;�6�(�6�7�C�7�-���;�7�;�;�(�6�;�5���� �� �� �� �D�� �E�F �G�H�I �J �
 �E�K�L �M�N�O�F
�P�E
�Q�E�
 �R�F �?
�S�T �U�V�?



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 09, Issue 04, pp1021-1030, December 2022 

 
Effects of Nanoparticles on the MRR and TWR of graphene-

based Composite by Electro discharge Machining  
 

Sagar Sharma1*, Kuwar Mausam1, Kamal Sharma1 

1 Department of Mechanical Engineering, GLA University, Mathura-281406, India 
 

E-mail: sagarnatoj96@gmail.com 
 

(Received July 14, 2022; Revised October 15, 2022; accepted October 28, 2022). 
 

Abstract: In the current scenario, Graphene-based carbon fiber composite is highly used 
nanomaterial for the work-piece material that is employed in various applications (aerospace, 
automotive) due to its light weight, great strength, as well as high strength-to-weight ratio. In the 
experimental work, copper based tool electrode is used to remove the material. The work 
approach involves the four processing parameters of EDM such as input current (Ip), voltage gap 
(Vg), pulse on time (Ton) and pulse off time (Toff) which was used to evaluate the material 
removal rate (MRR) and tool wear rate (TWR). For optimization of MRR and TWR via 
processing parameters, Taguchi method was used in the experimental work. The L9 orthogonal 
array was generated using MINITAB 17 software. The work analysis approaches towards the 
different weight fractions of (0.1 and 0.3wt% of graphene) in carbon fibre composite for 
comparing the MRR and TWR. The effects of processing parameters on MRR and TWR via EDM 
oil and copper nanoparticles is examine. The MRR and TWR via Copper nanoparticle mixed 
EDM oil was observed to have the maximum and minimum value respectively as compared to 
normal EDM oil. The suitable value of MRR and TWR was observed with 0.3wt% of graphene in 
carbon fibre composite as compared to 0.1wt% of graphene via copper nanoparticle mixed EDM 
oil.  

 
Keywords: Electro Discharge Machine, Material Removal Rate, Tool Wear Rate, Taguchi 
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1.  Introduction 
In a non-conventional machining process, there is no 

direct contact between work piece and tool1). Electro 
Discharge Machine (EDM) is used to create moulds, 
punches, dies, and automobile parts, among other 
things2),3),4). EDM is used for hard materials and for 
complex shapes that are difficult to machine with 
conventional machining processes. Material is removed 
from the work piece in this procedure as a result of a 
high spark discharge between the work piece and the 
tool5). In general, a very small space of 0.005mm is kept 
between the tool and the work piece6),7). As shown in 
Figure 1, a DC pulse generator is used to convert the AC 
power into a high-pulsed DC power supply that is used 
for generating a spark between the work piece and the 
tool. The servo motor is used to control the feed rate of 
the tool. A spark occurs when the tool and work piece are 
in a very close position and the desired shape on the 
work piece is the opposite of the tool8). Mineral oils, de-
ionized water, and hydrocarbon oils are used to immerse 
the tool and work piece in dielectric fluid9). Dielectric 
fluid isolates the work-piece and the tool from each 
other, reducing the heat generation between the tool and 

the work-piece. Normal EDM oil and Copper 
nanoparticles mixed EDM oil are used in this 
experimental work10). Copper nanoparticles are mixed 
with normal EDM oil at a concentration of 12gm/litre 
and then sonication process is done for proper mixing of 
copper nanoparticles in EDM oil. The flushing of the 
dielectric is used to remove the suspended material from 
the work piece and tool and it avoids the adhesion of the 
suspended material to the work-piece and tool11),12). The 
material is removed from the work piece due to 
erosion13),14). Kumar et al. discussed the effects of 
powder particles on the machined surface of a work 
piece, powder particles from the tool electrode migrate to 
the machined surface and decrease voids and micro-
crakes, and these powder particles help to obtain a better 
machined surface15). Prasanna et al. discussed about the 
effects of various machining parameters such as input 
current, Ton, voltage gap, duty factor at different levels 
for material removal rate (MRR) and tool wear rate 
(TWR) for Ti-6Al-4V work piece material and tungsten 
copper composite was used as an electrode tool. The 
combination of process parameters for obtaining 
maximum MRR are: Gap Voltage 50, Peak Current 10 
Amp., Ton 30 µs, Duty Factor 6% and for minimum 
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TWR, the combination of process parameters are: Gap 
Voltage 50 V, Peak Current 5 Amp, Ton 20 µs, Duty 
Factor 3%16). Angelos P. Markopoulos et.al investigated 
Aluminium alloy named as Al5052 was used as wok 
piece material and detailed study was carried out on 
MRR, Surface Roughness and average white layer 
thickness(AWLT) for various process parameters on on 
Electro discharge machine (EDM) by using ANOVA17).  
Wang et al.  reported the effects of input parameters like 
to MRR, TWR and Surface Roughness (SR) and also 
discussed about the effect of different dielectric fluid 
(EDM oil and Al based oil). Iconel 706 is used as work 
piece and cu tool used as electrode. Iconel 706 has high 
corrosion resistance and high mechanical strength18). 
Gupta et.al the effect of input process parameters like 
input current, Ton and Toff for MRR, TWR and SR on 
AISI D2 Steel and Aluminium is used as tool electrode. 
It was found that most effective parameter for MRR is 
Toff and most influencing process parameter for TWR is 
input current and most affecting process parameter for 
SR is Ton19). 

The present work aim to calculate MRR and TWR of 
graphene based composite carbon fibre and copper tool 
based on the Input parameters (input current (Ip), voltage 
gap (Vg), pulse on time (Ton) and pulse off time (Toff) ) 
by varying the dielectric fluid (EDM oil and Copper 
mixed EDM oil). the L9 standard orthogonal array is 
used to signify the input parameters and taguchi method 
is used for analysis of MRR and TWR. The variation in 
MRR and TWR by varying dielectric fluid is discussed 
in detail in this experimental work. 

 

 
Figure 1: Shows the schematic representation of EDM 

working machine 
 

2.  Method and Materials 
2.1 Experimental Setup 

The Sparkonix ZNC electro discharge machine is used 
in this investigation. This is an electric discharge die-
sinking machine. The Z axis of this machine is 
completely numerically controlled, with a movement of 
250 mm, while the x and y directions have motions of 
350 mm and 250 mm, respectively20). This machine is 
equipped with a flashing system with two nozzles. 

In the experiment, EDM oil and copper nano-particle 
mixed EDM oil were used as dielectrics. Copper 

nanoparticles are mixed with normal EDM oil at a 
concentration of 12gm/litre and then sonication process 
is done for proper mixing of copper nanoparticles in 
EDM oil. First, we have performed experimental work 
with normal EDM oil and then using copper nano-
particle mixed EDM oil. The L9 standard orthogonal 
array was employed in this work, which is a suitable 
array for three levels of parameter. The specified 
parameter and its level are displayed in the table. As 
shown in table 2, L9 offers sufficient and necessary 
information on the experimental nature and determines 
the effect of changing variables as well as the optimum 
technique for quality improvement during the 
experimental design process21). Table 1 and Table 2 
represents the process parameters of EDM and standard 
L9 array used for experimentation respectively. 

 
Table 1: For Process parameters and levels 

Machining 
Parameters 

Level 1 Level 2 Level 3 

I/p current 
(Amp.) 

3 5 7 

Gap voltage 
(Vg) 

50 60 70 

Ton (µs) 90 120 150 

Toff (µs) 4 5 6 

 
Table 2: For std. L9 array for experiment  

Exp. 
NO. 

Input 
current  

Voltage 
gap 

Ton Toff 

1 3 50 90 4 

2 3 60 120 5 

3 3 70 150 6 

4 5 50 120 6 

5 5 60 150 4 

6 5 70 90 5 

7 7 50 150 5 

8 7 60 90 6 

9 7 70 120 4 

 
2.2 Workpiece and Tool 

As shown in figure 2, Graphene reinforced 14 layered 
nano composite carbon fibre is used as the work piece. 
Graphene increases the electric conductivity of the work 
piece material due the electric conductive nature of 
graphene nanoparticles. This developed material have 
light weight and high mechanical strength22),23) so this 
material widely used on light weight robots and in 
aerospace industry. Table 3 and Table 4 showcase the 
detailed description of work-piece and tool used in the 
experimental work. As shown in figure 3, As a tool 
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