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Abstract 

Wire electrical discharge machining (WEDM) of γ titanium aluminide is the subject of the current research. 

Due to the large number of process variables and sophisticated stochastic process mechanisms, selecting the 

best machining parameter combinations for increased cutting efficiency and accuracy is a difficult task in 

WEDM. In general, there is no perfect combination that can produce the fastest cutting speed and the finest 

surface finish quality at the same time. For this purpose, the data were selected from a literature study. This 

study describes an attempt to devise a suitable machining technique for achieving the highest possible process 

criteria yield. To model the machining process, a stochastic optimization method, differential evolution, has 

been performed. Cutting speed, surface roughness, and wire offset are the three most important criteria that 

have been used as indicators of process performance. The response characteristics can be predicted as a 

function of six different control parameters, namely pulse on time, pulse off time, peak current, wire tension, 

dielectric flow rate, and servo reference voltage. The limitations of the candidate models are checked after the 

R2
training, R2

testing and R2
valiadtion values are calculated to reveal whether the model is realistic. Optimization results 

are 3.02 mm/min,  2.36 µm, and 0.13 mm  for the maximum cutting speed, the minimum surface roughness,  

and minimum wire offset, respectively. It is shown that the machining model is suitable and that the 

optimization technique meets practical requirements. 

Keywords:  γ titanium aluminide; modeling; optimization; wire EDM. 

1. Introduction 

In recent years, the use of wire electrical discharge machining (WEDM) has increased dramatically. Wire 

EDM has a wide range of applications, including the production of various press tools, molds and even electrodes 

for use in other EDM processes. Wire EDM is currently commonly applied in the aerospace, automotive, and 

medical industries, as well as in almost every other conductive material machining application. It is considered 

especially suitable for machining complex contours, for high accuracy and for materials that are not amenable to 

conventional removal methods [1]. 

Several attempts to model the process have also been made. Scott et al. [2] have created a factor model to 

assess the process performance in accordance with the varied control conditions. By introducing the concept of a 

not-dominated point, the procedure was further optimized. By using regression analysis and subsequently 

resolving the optimization problem with a viable directional approach, the Liao et al. [3] built a mathematical 

model. EDM was modeled by Karthikeyan et al. [4] with a full factorial design for processing carbide silicone 

particle composites and the models significance was verified using the analysis of variance technique. Huang et 

al. [5] attempted to optimize the WEDM finish-cutting operation. The machined workpiece surface's gap width, 

surface roughness, and white layer depth are all measured and evaluated. The pulse-on duration and the distance 

between the wire perimeter and the workpiece surface are two major parameters impacting the machining 

performance, according to the Taguchi quality design approach and numerical analysis. 

We took a new approach to the modeling design-optimization process to optimize the cutting speed, surface 

roughness, and wire offset input parameters in wire electrical discharge processing. This approach was organized 

based on a literature study [6] using the Box-Behnken design and regression analysis to obtain the percentage of 

outputs. First, a detailed study was conducted on multiple nonlinear neuro-regression analysis, including linear, 

non-linear and their rational forms for the outputs. Second, the boundaries of candidate models were checked to 

produce realistic values. Finally, a stochastic search methods were implemented methodically. 

2. Materials and methods 

2.1. Modeling 

To assess the accuracy of the predictions during the modeling phase, a hybrid method including regression 

analysis is used. All data is divided into three groups in this approach, with the first portion being used for training, 
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the second for testing, and the third for validation. By modifying the regression models and coefficients during 

the training phase, the goal is to reduce the errors between the experimental and predicted values. 

 

Following that, the testing stage is used to achieve the prediction results by reducing the effects of regression 

model inconsistencies. This procedure yields information about the candidate models' ability to anticipate. Third, 

checking the boundedness of candidate models for prescribed values is critical in determining whether or not the 

model is realistic. In this case, the maximum and minimum values of the models in the given interval for each 

design variable are calculated after acquiring the right models in terms of R2
training, R2

testing and R2
validation. This 

procedure evaluates whether the selected models satisfy the many criteria which are necessary for reality [7-9]. 

2.2. Optimization 

Substantially, the optimization of a structure may be described as obtaining the best design by minimizing the 

specified single or multi-objective that corresponds to all of the constraints. There are two types of optimization 

techniques: traditional and nontraditional. Traditional optimization techniques work for only continuous and 

differentiable functions, such as constrained variation and Lagrange multipliers. In engineering design problems, 

traditional optimization techniques cannot be used because of their specificity. In these cases, stochastic 

optimization methods such as genetic algorithms (GA), particle swarm (PS), and simulated annealing (SA) are 

favorable. Because of the nature of stochastic methods, the exact solution cannot be obtained and using more than 

one method with a different phenomenological basis for the same optimization problem increases the reliability 

of the solution [7]. 

2.3 Problem definition 

The optimal design of cutting speed, surface roughness, and wire offset in a wire electrical discharge machining 

was organized as follows, using the references [8-11]. The data shown in Table 1 were selected from the reference 

study [6]. They modeled the electrical discharge process input parameters with Box-Behnken design and 

regression analysis. 

• Ten to twenty candidate functional structures were proposed to model the data of the wire electrical 

discharge process system and were evaluated in terms of the limitation of functions, R2
training, R2

testing 

and R2
validation values. 

• One optimization scenario was introduced by using the obtained suitable models and these problems 

were solved by four different direct search methods. 

2.4. Optimization Scenario 

Scenario 

In this optimization problem, the objective function defines the cutting speed, surface roughness and wire 

offset, all design variables are assumed to be real numbers, and the search field is continuous. For this case, 0.8 

µs < Pulse on time (Ton) < 1.6 µs, 14 µs < Pulse off time (Toff) < 30 µs, 120 A < Peak current (Ip) < 220 A, 900 

V< Servo reference voltage (SV) < 1380 V,2 gm < Wire tension (WT) < 10 gm,7 kg/cm2< Dielectric flow rate 

(discharge pressure) (FR) < 10 kg/cm2. The main purpose is to maximize cutting speed, minimize surface 

roughness and wire offset. Mathematically, the boundaries of the objective function can also be obtained with this 

approach. 

3. Results and discussion 

Various regression models for cutting speed, surface roughness, and wire offset design in electrical discharge 

machining have been tested using R2
training, R2

testing and R2
validation in the literature. In the reference study [6], Box-

Behnken design and regression analysis were used to model outcomes input parameters. 

In the present study, more than 20 different regression models with six parameters have been tested, and the 

most proper ones are listed in Table 2. And additionally with respect to these models predicted outputs and 

prediction error has been shown in Table 1.  

The maximum cutting speed (3.02 mm/min) was obtained for the following optimal conditions; 

Pulse on time (Ton):1.6 µs, Pulse off time (Toff):14 µs, Peak current (Ip):220 A, Servo reference voltage 

(SV):900 gm, Wire tension (WT):2 V, Dielectric flow rate (discharge pressure) (FR):7 kg/cm2. 
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When the table is examined, it is seen that different optimum values emerge for each output. This is an 

indication that the engineering parameters to be maximized or minimized have different dynamics from each 

other. For this reason, it reveals how important the different optimization definitions made within the scope of 

this study are. The minimum surface roughness Ra (2.36 µm) was obtained for the following optimal conditions; 

Pulse on time (Ton):0.8 µs, Pulse off time (Toff):14 µs, Peak current (Ip):210.74 A, Servo reference voltage 

(SV):900.001 gm, Wire tension (WT):10 V, Dielectric flow rate (discharge pressure) (FR):10 kg/cm2. The 

minimum wire offset (0.13 mm) was obtained for the following optimal conditions; Pulse on time (Ton):0.8 µs, 

Pulse off time (Toff):30 µs, Peak current (Ip):120 A, Servo reference voltage (SV):1380 gm, Wire tension (WT):2 

V, Dielectric flow rate (discharge pressure) (FR):7 kg/cm2. They are also shown in Table 3. These tables (Table 

1, Table 2, Table 3, Table 4) have been prepared to show that we have successfully created the model for outputs 

and implemented them into the project properly. Results are suitable with intervals of our inputs 

3. Conclusions 

In the present research, wire electrical discharge machining of γ titanium aluminide alloy has been carried out, 

and an advanced optimization strategy has been proposed to determine the optimal combination of control 

parameters. A stochastic optimization method is used to construct the WEDM process model. During the training 

process, several optimization models were studied. It has been found that one model can provide a better 

prediction for each output.  

The wire offset value, together with surface finish and cutting speed, have been evaluated as measurements of 

process performance for improved dimensional control. A model was developed that will enable one to select the 

optimum model that will result in maximum cutting speed while maintaining the required surface finish within 

limits. Additionally, the model is also capable of optimizing the machining process (under multi constraint 

conditions) while maintaining the surface roughness as well as the internal corner radius within specified limits. 

The findings of the research and the created technical guidelines in the field of γ titanium aluminide alloy 

machining will also contribute in the resolution of a variety of hard problems faced by manufacturing engineers 

in today's manufacturing sectors. 
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