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ABSTRACT 

Nowadays, electrical discharge machining (EDM) has become one 
of the most extensively used non-traditional material removal 
process. In the present work, a study has been made to model and 
optimize the process parameters of powder mixed electrical 
discharge machining (PMEDM). Metal removal rate (MRR) and 
electrode wear rate (EWR) have been considered, as the process 
characteristics, to plan and analyze the experiments. Grain size of 
the aluminum powder (S), concentration of the powder (C), 
discharge current (I) and pulse on time (T) are chosen as control 
variables to study the process performance. The experimental 
results are used to develop the regression models based on second 
order polynomial equations for the different process 
characteristics. Then, a genetic algorithm (GA) has been 
employed to determine optimal process parameters for any desired 
out put values MRR and EWR.  

1. INTRODUCTION 

Ti-Co Alloy is one of the most difficult-to-cut hot worked 
alloys. Formation of complex shapes (of this material) 
along with reasonable speed and surface finish is very 
difficult by traditional machining. Among the non-
traditional methods of machining processes, electrical 
discharge machining (EDM) has drawn a great deal of 
attention because of its broad industrial applications 
including different dies and tools [1]. 
In the EDM, machining control variables include the work 
piece polarity, pulse on time, pulse off time, open discharge 
voltage, discharge current, dielectric fluid, grain size and 
concentration powder particles in the dielectric. Among 
these the most significant parameters are the followings [5]: 
- Grain size of aluminum powder particles (SAl, μm) 
- Concentration of aluminum powder particles (CAl, g/l) 
- The discharge current (IP, A) 
- The pulse on time (TP, μs). 
Cobalt bonded tungsten carbide is a widely used, high 
strength material produced by compacting techniques of 
powder metallurgy and high-temperature sintering. In the 
conventional EDM machining of this material, the 
machined surface would usually have a significant amount 
of cracks and spalling which decreases the hardness, wear 
and corrosion resistance of this alloy. 
 
 

 
To enhance the machined surface properties and prevent the 
surface defects, a technique called powder mixed electrical  
discharge machining (PMEDM), is now being used. In this 
method, fine powder of a specific material (usually 
Aluminum) is mixed into the dielectric fluid of EDM to 
increase the process quality. 

2.  PROBLEM STATEMENT  

 

Selection of appropriate machining parameters for any particular 
material in EDM is difficult, and relies heavily on operators’ 
experience [2]. Usually, the desired machining parameters are 
determined based on experience or handbook values. However, 
this does not ensure that the selected machining parameters result 
in optimal or near optimal machining performance for any given 
material and EDM environment. To resolve this problem, in the 
present study, a GA based optimization procedure has been 
utilized to determine the optimal machining parameters in the 
PMEDM of Tungsten-Cobalt alloy. The proposed approach can 
easily be extended to any other materials and machining 
environments. To achieve this, first based on experimental data a 
set of mathematical models have been develop to relate important 
process-control parameters (powder grain size (S), powder 
concentration (C),  discharge current (I) and pulse on time (T))  to 
the machining response outputs (material removal rate (MRR) and 
electrode wear rate (EWR)). The adequacy of the proposed 
models is verified with ANOVA. Then, the developed models are 
embedded into a GA algorithm to determine the best EDM 
process parameters for any target values of machining outputs. 
Computational results show that GA method can be used 
effectively for solving such complicated and highly non linear 
equations in prediction and optimization of process parameters.  
For illustrative purposes, the data obtained by Kung et. al [3] is 
used here. In our research, different regression models have been 
examined on the experimental data; among which the curvilinear 
model proves to be the best fit. The second order curvilinear 
mathematical models, representing the relationship between 
process parameters and EDM machining characteristics, can be 
stated as follows: 

MRR= -0.00751 +0.02925. S + 0.00107. C + 0.02100. I +0.0001. 

T + 0.00094. S2 + 0.00030. C2  + 0.00038. S. I  + 0.000004. S. T   

+ 0.000004. I. T      (1) 

EWR= 98.51523 - 61.85566. S - 0.40935. C + 11.27579. S2 - 

0.00024. C2 + 0.3935. S. C + 0.7200. S. I + 0.0418. S. T - 0.1800. 

C. I - 0.00035. C. T     (2) 



The separable influence of individual machining parameters and 
the interaction between these parameters are also investigated by 
using analysis of variance (ANOVA). This study highlights the 
development of mathematical models for investigating the 
influences of machining parameters on performance 
characteristics and the proposed mathematical models that proven 
to fit and predict values of performance characteristics close to 
those readings recorded experimentally with a 95% confidence 
interval. 
The above models may now be used to predict the best process 
parameters in such a way that desired output values are obtained 
from the machining operations. For this purpose, we first define 
the prediction (error) function as follow: 
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Where: 
MRR and EWR are metal removal rate and electrode wear rate 
given by (1) and (2) respectively. In the same manner, MRRd and 
EWRd are the target output values for the electrical discharge 
machining operation. The objective is to set the process 
parameters at the levels that these machining characteristics are 
achieved.  
The coefficients α1 and α2 represent weighing importance of 
different output parameters in the error function. In the prediction 
process, the purpose is to minimize this objective function. By 
doing so, the process parameters are calculated in such way that 
the PMEDM parameters approach their desired values. To 
minimize the above error function, a Genetic Algorithm is 
employed to find the best machining variables with respect to 
process specifications. 
Genetic algorithm can be applied to solve a variety of 
combinatorial optimization problems including problems in which 
the objective function is discontinuous, non differentiable, or 
highly nonlinear [4]. A complete description of this algorithm and 
some of its applications can be found in [4] and [5]. 

3. RESULTS AND DISCUSSIONS 

In this section a numerical example is presented to illustrate the 
performance of proposed procedure and solution technique. The 
target values for PMEDM are given in Table 2. Without loss of 
generality, in this example the values of all components of EDM 
(S,C,I,T) are considered to have the same importance and 
therefore, constants 1and 2  are set to unity. The error functions 
of given in (3), along with PMEDM modeling (1) to (2) are 
embedded into GA algorithm. The tuning parameters for the 
algorithm are presented in Table 1. The objective is to minimize 
the error function which is used as the fitness criterion in 
evaluating of solutions in each generation. 

Table 1. Genetic Algorithm parameters settings 
 

Mutation 
rate 

Crossover 
mechanism 

Crossover 
rate 

Population 
size 

No. of 
Generations  

1% Scatter 80% 30 800 

 

The comparison of the calculated and desired values is shown in 
Table II. The largest error is around 5.5% while most parameters 
deviate from their desired values by less than 1%. These results 
illustrate that the proposed procedure can be efficiently used to 

determine optimal process parameters for any desired output 
values of PMEDM machining operations.  
 

Table2. Comparison between target and calculated values 
 

NO 
Target Prediction Error(%) 

MRRd EWRd MRR EWR MRR EWR 

1 0.2103 23.12 0.2122 23.1407 0.8954 0.0895 

2 0.1564 25.14 0.1611 25.1345 2.9174 0.0219 

3 0.2044 21.44 0.2121 21.4463 3.6304 0.0294 

4 0.2454 21.02 0.2484 20.9887 1.2077 0.1491 

5 0.2278 22.23 0.2411 22.2068 5.5164 0.1045 

6 0.1798 16.77 0.1822 16.7450 1.3172 0.1493 

7 0.1989 21.62 0.2005 21.5305 0.7980 0.4157 

8 0.2028 23.54 0.2025 23.5609 0.1481 0.0887 

9 0.2219 23.52 0.2289 23.4805 3.0581 0.1682 

4. CONCLUSIONS 

The paper has presented the use of GA method for the 
optimization of the electrical discharge machining process 
with performance characteristics. The second order 
polynomial models developed for metal removal rate and 
electrode wear rate have been used for optimization. The 
choice of one solution over the other depends on the 
requirement of the process engineer. If the requirement is a 
lower electrode wear rate or higher material removal rate, a 
suitable combination of variables can be selected. 
Optimization will help to increase production rate 
considerably by reducing machining time. 
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