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ABSTRACT: The main objectives of this study is to estimate the impact of process parameters on the Surface 
Roughness (SR) and Recast Layer Thickness (RLT), also to find out the empirical equations which refer to the 
interactions between input parameters and process responses.  D2-Tool Steel was selected as the material of the 
workpiece while copper was selected as electrode material. The impact of independent variables could be 
recognized by Taguchi Method, these independent parameters include powder concentration, discharge current, and 
pulse on time. The results show that the model adequacy is acceptable for developed models because of the values 
for 𝑅𝑅2 is (96.24)% and (94.36)% for SR and RLT respectively.  
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INTRODUCTION 
  
Electro-Discharge Machining (EDM) is a nontraditional machining process in the wisdom that does not utiliz 
traditional tools for material removal and replace directly by electric spark erosion[1]. The EDM process is widely 
utilized for making dies, and tools. In order to machining the components have hard material and complex profile, 
that are difficult and precise and to machines such as heat resistant steels, tool steels, composites, and carbides. The 
applications of these components commonly utilized in die making industries, aerospace, and nuclear industries. So 
it is one of the most popular non-traditional machining processes used today[1]. The t spark gap distance between 
the cathode and anode increased, whereas dropped in the insulating strength occurs when mixed electrically 
conductive powder particles with dielectric fluid,  this method of non-traditional process is titled as Powder mixed 
EDM (PM-EDM)However, which result in enhancement of the limitations of EDM process namely low machining 
efficiency and poor surface finish[2]. The addition of powders reduces discharge power density and increases the 
discharge gap, therefore lower the dielectric strength creating early and uniform electric discharge at low energy 
improving the machining performance, and machined surface properties. EDM is a process applied in many areas 
including biomedical engineering, and aerospace[3]. 
 
Different types of Powders mixed with dielectric fluid utilized in powder mixed EDM  namely, graphite, silicon 
carbide, aluminum, silicon, and chromium powder. Individually of these types has its features which makes it 
appropriate to be used for different process of machining [4]. 
 
Munmun Bhaumik, and Kalipada Maity(2017)  used (SiC) powder is suspended into kerosene dielectric. The AISI 
304 stainless steel was selected as workpiece material whereas the tungsten carbide was used as electrode material. 
Pulse on time, discharge current, gap voltage, powder concentration, and duty cycle were considered as process 
parameters, the surface roughness (Ra) is the only response study in this work. Results show that The input factor 
such as peak current, pulse on time, duty cycle, and concentration have a prompting impact on the Ra. Ra should 
keep it as minimum as possible. For the best setting of Ra peak current of 4A, pulse on time of 50μs, gap voltage of 
65 V, the duty cycle of 65%, and 10 g/l SiC powder concentration should be considered which offers the lowest 
value of Ra of 6.7μm[5]. M. A. Razak et al(2015), used silicon carbide powder and suspended with dielectric 
medium to enhancement the efficiency of electrical discharge machining. The authors reveal that The reduction 
machining time of EDM process with PMEDM, the highest efficiency of EDM process depended on the optimum 
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powder concentration and size of powder particles [6]. Shivam Goyal and Rakesh Kumar Singh Study the influence 
of independent parameters on Material Removal Rate and Surface Roughness in on Powder Mixed EDM machining 
operation, optimization of process parameter were conducted with the Taguchi method. The authors reveal that the 
best roughness of machine surface achieves with increased concentration of aluminum powder in EDM oil up to a 
certain level [7]. B. Ramu et.al, proposed the machining process used copper powder mixed in the dielectric medium 
of EDM to find out the responses of the machining process of High Carbon High Chromium (H.C.H.Cr) steel. Peak 
current and powder concentration were study as input process parameters. The results show that the higher values of 
MRR and lower value of surface roughness obtained with the highest concentration of powder in dielectric medium 
up to a certain concentration, while a high concentration of powder 12(g/L) reduces the MRR and increases the 
surface roughness [8]. 
 
The main aims of this work to estimate the influence of added powder particles to the dielectric medium of electrical 
discharge machining, and then evaluate the process performance by measured surface roughness and recast layer 
thickness.  
  
MATERIALS AND METHODS 
 
Machine Tool 
 
The powder-mixed electrical discharge machining was performed on the (CHMER EDM) machine with servo-
control, which is positioned at the workshop and training center in the University of technology-Iraq as 
demonstrated in Fig(1).  
 

 
Figure 1. EDM Machine 

 
Selection of Work Piece Material 
 
The workpiece material used for current work is AISI D2 Tool Steel as shown in Fig (2),  with dimensions (80 x 45 
x 4.3)mm. The chemical composition of the workpiece is highlighted in  Table 1. To find out the values of recast 
layer thickness by SEM device, the cross-section of the machining zone for each specimen was made with wire 
electrical discharge machining, and then followed by mechanical grinding, polishing, and etching. 
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Figure 2. Machined Samples. 
 

        Table 1. Chemical composition of the D2-Tool Steel. 

Element C Mn Si P Cr Mo V Fe 

Weight% 1.45 0.3 0.38 0.02 11.7 0.72 089 balance 
 

D2-AISI tool steels are used for blanking or forming dies and thread rolling dies, long run tooling applications, 
where wear resistance is important. 
 
Selection of Electrode Material 
 
The copper electrode has been utilized in this work, it is a circular cross-section shaft with (12) mm diameter and 
(50) mm length. The Physical properties of a copper electrode are highlighted in table (2). 
 
Table 2. Physical properties electrode. 

Thermal conductivity 391.1 w/m.k 

Density 8.94x103kg/𝑚𝑚3 

Modulus of Elasticity 117 Gpa 

Melting point 1356 k 

Thermal expansion 16.9x10−6𝑘𝑘−1 
 
Selection of Powder Material 
 
Silicon Carbide was selected as powder material it is mixed with transformer oil as a dielectric medium. 
 
Selection of Independent Parameters 
 
The PMEDM process is done by study the effect of three input parameters namely powder concentration, discharge 
current, and pulse off time, each parameter has three levels as mentioned in table (3). 
 
In the present study, there are three levels, three factors. According to Taguchi approach, L9 has been utilizes 
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Table 3. EDM Indenpendent Parametrs. 
 

Level (3) Level (2) Level (1)  
6 3 0 Concentration  (g/l) 
12 10 8 Current (A) 
75 50 25 Pulse-off Time (µs) 

 
RESULTS 
In order to find out the impact of process parameters on the responses namely SR and RLT, several experiments 
have been performed,  these experiments were performed at a final depth of cut equal to (2)mm. The machining 
values for  SR, and RLT, are demonstrated in the table (4). 
 
Table 4. Measured Values of Surface Roughness and Recast Layer Thickness. 
 

    RLT 
(𝝁𝝁𝒔𝒔) 

    SR    (𝝁𝝁𝒔𝒔) Pulse-off Time 
(µs) 

Current (A) Concentration  
 (g/l) 

 

  13.83  3.29 25 8 0 1 
  16.87  4.36 50 10 0 2 
  19.78  5.47 75 12 0 3 
  12.49  2.78 50 8 3 4 
  14.22  3.88 75 10 3 5 
  17.46  4.48 25 12 3 6 
  10.92  1.43 75 8 6 7 
  11.18  1.79 25 10 6 8 
  13.08  2.95 50 12 6 9 

 
The regression models of surface roughness and recast layer have been developed based on the Taguchi method as 
illustrated in equations (1) and (2), the differences between experimental and predicted values are acceptable as 
demonstrated in Figures (3)-(4), when the coefficient of determination 𝑅𝑅2 equal to (96.24)% and (94.36)% for 
surface roughness and recast layer respectively. 
 
Ra = - 0.367 – (0.3861*Concentration) + (0.4500*Current ) + (0.00813*Pulse-off)    …………………..(1) 
 
RLT = 5.26 – (0.850 *Concentration) + (1.090 *Current) + (0.0163 *Pulse-off)     ……………………..(2) 
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Figure 3. Comparison between experimental and predicted values for SR. 
 
 

 
Figure 4. Comparison between experimental and predicted values for RLT. 

 
 
 
 
 
 
 

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9

Su
rf

ac
e 

Ro
ug

hn
es

s

Experimental Prediction

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9

Su
rf

ac
e 

Ro
ug

hn
es

s

Experimental Prediction



 Investigation on the Effect of Machining Parameters on The Surface Roughness and Recast Layer During Powder- Mixed EDM (PMEDM) 

156 
 

630

4

3

2
12108

755025

4

3

2

A

M
ea

n 
of

 M
ea

ns

B

C

Main Effects Plot for Means
Data Means

 
Figure 5. Mean Effects Plot for SR. 
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Figure 6. Mean Effects Plot for RLT. 

 
Figures (5)-(6) shows the main effects plot of input variables on SR and RLT, these Figures exhibit that the powder 
concentration, discharge current, and pulse-off time have a dominating impact on SR and RLT, also the SR and RLT 
directly proportional to the powder concentration this is due to the fact that the addition of SiC powder into the 
dielectric solution leads to enhancement the stability of the machining process. The plasma channel is enlarged, 
which results in a minimize discharge density of electrical power. In the discharge gap, the sparking is uniformly 
distributed therefor the smooth surface has been generated. 
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As it demonstrates in Figures (5)-(6) the SR and RLT directly proportional to the discharge current, it can be 
explained that increased discharge intensely of spark which it strikes the workpiece surface with increases in 
discharge current, therefore increased in molten materials leads to deteriorated erosion effect. The overheated 
material evaporates leads to  large crater formationp, whereas the recent molten material flushed away by dielectric 
outside the machining zone, thereby rough surface and thick recast layer were produced. Figures (7)-(8) represent 
the thickness of recast lyer of machined sample has been mesured by SEM. 

 

 
 

Figure 7. Recast Layer of Machined Sample. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 8. Recast Layer of Machined Sample. 
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CONCLUSIONS 
In this work, the impact of most prompting parameters on the surface roughness and recast layer have been studied 
for AISI D2 tool steel. The independent parameters namely powder concentration, discharge current, and pulse-off 
time have a significant influence on the process responses (SR and RLT). The developed mathematical models via 
Taguchi can be effectively utilized for evaluating the performance for responses of the process. The coefficient of 
determination value determined by the linear regression are  (96.24)% and (94.36)% for surface roughness and 
recast layer respectively.  
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