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Abstract 

 Tool wear rate (TWR) is a measurement response measured during machining of aerospace 

and advanced materials during electrical discharge machining (EDM). This is a type of erosion 

wear, where electrically conductive tool-electrode has no physical contact with the work-piece 

surface. The paper describes the state of art research works done by researchers, scientist and 

academicians on the effect of machining process parameters on machining response viz. tool wear 

rate.  
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1.  INTRODUCTION 

Machining equates to more than 15% of the total cost of all products of the manufacturing industry 

[1] and plays a central role in modern manufacturing [2]. Electrical discharge machining (EDM) 

is a non-traditional and modern machining method to give high aspect ratio features such as slots 

and cavities in hard and electrically conductive materials [3]. Tool shape tends to play a 

considerable role as it affects tool wear rate and therefore, the machining accuracy. When the tool 

reaches the tool wear criterion, the cutting edge fails and cannot be used further [4]. Tool and work 
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materials, geometry, machining current, pulse time, pause time, dielectric flushing conditions, 

pulse waveforms and machining voltage polarity are the effective parameters on wear ratio [5]. 

1.1. Tool shape and size 

Maximum tool wear has been observed in diamond shaped tools followed by triangular, square 

and round shaped electrodes. It is experimentally observed that tool wear rate (TWR) increases 

with the increase of tool electrode diameter. 

1.2. Tool Materials 

The focus of Ibrahem Maher et al [6] was on the evolving technologies of EDM wire electrodes 

from using copper to brass wire electrodes and from brass to coated wire electrodes. Copper 

Electrode gives high MRR in compare of Brass Electrode while machining Al 7075 whereas brass 

electrode gives high TWR in compare of Copper Electrode while machining Al 7075 [7]. 

2. TOOL WEAR- A REVIEW 

EDM is a well-established machining choice for manufacturing geometrically complex or hard 

material parts that are difficult-to-machine by conventional machining processes [2]. It uses a 

thermo-electrical material removal process, in which the tool electrode shape is reproduced mirror 

wise into a work material, with the shape of the electrode defining the area in which the spark 

erosion will occur [8]. Tool wear is affected by the precipitation of carbon from the hydrocarbon 

dielectric onto electrode surface during sparking [7]. 

 

Fig 1&2- Electrode Wear in EDM [9] 
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2.1. Discharge energy 

Authors derived the measurement of tool wear from the study of pulse characteristics based on 

discharge voltage fall time. They reduced tool wear ratio by performing MEDM (Micro-EDM) 

using high velocity gas as the dielectric medium [10]. Discharge energy determines the electrode 

wear per discharge. Discharge energy reduction is consequently one of the key elements for further 

miniaturization of the tool wear [11]. 

2.2 TWR indicator for various workpieces 

According to researchers G. D’Urso and C. Merla, regarding stainless steel workpiece material, 

TWR is higher for tubular electrode. For titanium workpiece TWR is always higher for the 

cylindrical electrode. Electrode geometry is the only factor having an influence on TWR in 

Magnesium workpiece. In the brass workpiece, higher values of the TWR indicators are for the 

tubular electrode [12]. Traditional EDM is disadvantaged by low efficiency and high electrode 

wear in machining titanium alloy (Ti–6Al–4V) [13, 14, 15]. 

2.3. Peak current and pulse time influence 

Chattopadhyay et al. [16] investigate the machining characteristics of EN-8 steel with copper as a 

tool electrode during rotary electrical discharge machining process. In case of MRR and EWR, it 

has been seen that the decrease in pulse on time, decrease in electrode rotation and increase in peak 

current, increases both the machining output. The similar observation is carried out by Lee and Li 

[17]; Habib [18]; Chiang [19] and Shabgard and Shotorbani [20]. In this research the lowest value 

of TWR is found at maximum pulse on time.      

2.4. Experiments on tool and dielectric to decrease TWR 

 Singh P. et al. [21] experimented on concentration of Al powder in dielectric fluid with copper 

electrode. Their findings stated that the addition of Al powder in dielectric fluid increases MRR, 

and decreases TWR. In [11], performance measurement improvement was suggested by the use of 

CNC to EDM for facilitating the MRR and improving the tool wear compensation techniques. 

2.5. Modification in parameters 

The best parameter combination obtained for experiments done on copper work-piece with copper 

tool are Voltage of 50 V, 6 KHz Frequency and 70% Duty factor. Test results provide MRR = 
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0.797mg/min and TWR =0.278 mg/min [22]. Tool wear increases with the deeper penetration of 

melting and evaporation isothermals inside the tool electrode [23] [24]. 

A. Senthil Kumar  et al [4] mentioned that the tool rejection criteria for rough machining operation 

are employed and the following values are considered from ISO Standard 3685 for tool life 

testing:- 

S.No Criteria Value 

1 Average flank wear >0.4mm 

2 Maximum flank wear >0.7mm 

3 Maximum crater wear >0.14mm 

4 Notch wear >1.0mm 

5 Surface roughness >6.0mm 

6 Excessive chipping (flaking) or catastrophic fracture of the 

cutting edge. 

na 

Table 1. Criteria for tool rejection [4] 

As many authors have reported, higher values of current discharge and open voltage clearly 

increase material removal rate (MRR), electrode wear ration (EWR) and surface roughness 

(Salman and Kayacan 2008; Ferreira 2007; Liu et al. 2008) [25], also at micro-machining scale. 

2.6. Mathematical model to optimize parameters 

In past [26], academicians have developed mathematical models using multiple regression analysis 

in order to enhance EDM machining characteristics, such as metal removal rate, tool wear rate and 

surface finish and the significance of the models are checked by analysis of variance. [27, 28]. 

2.7. Micro-hole and electrode wear 

As the development of aviation, aerospace, automobile and biomedical engineering fields, a lot of 

components are developed with complex spatial location micro-hole structure [29]. Due to the 

advantages of micro-EDM machining such as high machining precision without macro cutting 

force during machining, it plays the irreplaceable and key role for machining such kind of 

components that have small micro-hole aperture, low structure rigidity and special material [30, 

31]. A fast removal rate can be obtained when negative polarity EDM machining is used with an 
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EDM process, as there is a tungsten carbide electrode. [32]. P. Kuppan et al [33] state that as depth-

to diameter ratio increases, it becomes tough to produce these holes, especially, in super alloys like 

Inconel 718. Very less published information is available on drilling studies of Inconel 718 [34-

37]. 

3. CONCLUSION 

In this review study of past work done by several researchers, it has been seen that various factors 

account to tool wear rate in the EDM operation, such as tool or work-piece material, geometry, 

discharge current, etc. We also saw that since machining accounts to such high costs in the 

industry, tool wear heavily affects both cost factors and finishing of work-piece, along with other 

factors. Hence, research is needed in this field. 
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