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Abstract  

In pulse electrochemical machining (PECM), it has been found that the low-level 

voltage of the applied pulse influences the tool electrode wear and the machining 

accuracy. In order to acquire a higher machining accuracy, the relation between the 

low-level voltage and the machining accuracy was experimentally investigated in this 

research. It was found that a raised low-level voltage not only prevents the tool 

electrode wear, but also improves the machining accuracy. In addition to the low-

level voltage, the influence of the pulse duty ratio on the machining accuracy was 

also investigated. It was found that there exits different optimal low-level voltage for 

different duty ratio.  

 

1. Introduction 

Electrochemical machining (ECM) is a method using electrolytic reaction to remove 

anode materials. This method is widely and effectively applied to machine difficult-

to-cut metallic materials. Furthermore, it has been recognized that PECM could 

improve the machining accuracy. However, the problem of the tungsten tool 

electrode wear occurs when a pulse power supply is used [1-2]. This problem does 

not occur when a direct-current power supply is used. Since we cannot obtain a 

desired shape due to wear of the tool electrode during machining, it is necessary to 

prevent tool electrode wear for acquiring higher machining accuracy in PECM. Endo, 

et al. [2] have reported that it was effective to prevent the tool electrode wear with a 

raised low-level voltage and a certain level of the low-level voltage could improve 

the machining accuracy. However, the relationship between the low-level voltage and 

the machining accuracy is still not clear. In this paper, the influence of the low-level 

voltage on the machining accuracy was experimentally investigated. Furthermore, the 

relationship between the optimal low-level voltage and the pulse duty ratio was also 

investigated. 
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2. Experimental setup and accuracy evaluation method 

 The schematic of the experimental device 

is shown in Fig.1. A sheet workpiece is 

mounted on a stage and fed in +X direction 

to a wire electrode for cutting. The 

electrolyte is supplied from a nozzle by a 

pump to enable the machining and remove 

the by-products. 

The schematic of machined groove is 

shown in Fig.2. 

The machining 

accuracy is 

evaluated by the 

width of the side 

gap. The side 

gap can be 

determined by 

the diameter of the wire and groove width, which is the distance between the two 

paralleled groove sides. The smaller the side gap is, the higher the machining 

accuracy becomes.  

 The waveform of the pulse voltage used in the experiment is shown in Fig.3 and the 

duty ratio is defined in equation (1). The value of the higher portion of applied pulse 

voltage is called the high-level voltage (VH) and that of the lower portion is called the 

low-level voltage (VL).  

 

3. Relationship between the low-level voltage and the tool wear 

 In order to investigate the relationship between the low-level voltage and the tool 

wear, the tungsten wire which has a behaviour 

of easy-to-wear is used 

as the tool electrode in 

this experiment. 

Machining is carried 

Tool W, or Ti Wire (φ100 µm)

Workpiece SUS 304 plate (t = 0.1 mm )

Electrolyte 10 wt% NaNO3 aq

Wire tension 17 N

Table 1 Experimental conditions
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Fig.3 Waveform and definition of
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Table 2 Applied pulse

High-level voltage

Pulse width

Rise/Fall time
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out under the conditions of the feed rate of 10 µm/min, the feed amount of 30 µm, the 

duty ratio of 5 % 

and low-level 

voltage of 0, or 2 

V. Other 

experimental conditions are shown in Table 1 and 2. Furthermore, images of the wire 

electrode before and after machining are shown in Fig.4. 

As shown in Fig.4, in the case of the low-level voltage of 0 V, the part of the tool 

electrode facing the stainless sheet becomes thinner. In contrast, in the case of the 

low-level voltage of 2 V, the tool shape shows almost no changes comparing with 

Fig.4(a). As a result, it is considered that the raised low-level voltage efficiently 

prevented the tool electrode wear. 

 In order to investigate the relationship between the low-level voltage and the 

machining accuracy, a wire electrode which is hard to wear 

should be used to reduce the influence of the tool wear on the 

machining accuracy. Accordingly, the titanium wire with high 

corrosion resistance was used to replace the tungsten wire in 

similar experiments. Images before and after machining are 

shown in Fig.5. Unlike the case of tungsten, in the case of the 

low-level voltage of 0 V, the tool shape shows almost no 

changes. As a result, we used the titanium wire in the 

following experiments.  

 

4. Relationship between the low-level voltage and the machining accuracy 

 The workpieces were machined when 

changing the low-level voltage from 0 to 

6 V. The feed rate was set as 10 µm/min. 

The feed amount was set as 1020 µm 

when the low-levels is between voltages 

0 and 4 V and 1520 µm when the low-

level voltages is between 5 and 6 V. 

Other conditions are as shown in Table 1 

(a) Before machining (b) After machining (VO=0Ｖ)
200µm

(c) After machining (VO=2 V)

Fig.4 Observations of W tool electrode 

(a) Before machining

(VL=0V)

(b) After machining

(VL=0V)

200µm

Fig.5 Observations of

Ti tool electrode
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Fig.6 Relationship between VL and side gap 

105



Proceedings of the 14
th
 euspen International Conference – Dubrovnik – June 2014 

 

and 2. Besides the low-level voltage, the effect of the pulse duty ratio on the 

machining accuracy was also investigated. The machining was carried out using duty 

ratios 5 and 50 %. The relationship between the low-level voltage and side gap is 

shown in Fig.6. In the case of the low-level 

voltage of 0 V and the duty ratio of 5 %, the 

machining was unable to proceed to the end due 

to an electrical short-circuit that occurred before 

the wire was fed to the predetermined feed 

amount.  

 As shown in Fig.6, it was found the optimal low-

level voltage improves the machining accuracy; 

however, if the low-level voltage is raised too much, the machining accuracy would 

be worsened. Furthermore, it was found that there exits different optimal low-level 

voltage according to the duty ratio. In order to find the reason for the improvement of 

the machining accuracy with raised low-level voltage, simulation of ion movement in 

the gap area was carried out. One simulated result is shown in Fig.7. As shown in 

Fig.7, the raised low-level voltage has the effect to gather ions in the machining area. 

Therefore it is considered that the electrical conductivity of the machining area would 

be increased, and leads to a better machining accuracy. In contrast, it is assumed that 

if the low-level voltage is raised too much, the machining accuracy becomes worse 

which similar to the DC voltage case.  

 

5. Conclusions 

In this study, the relationship between the low-level voltage and the machining 

accuracy was experimentally investigated. It was found a raised low-level voltage not 

only prevents the tool electrode wear, but also improves the machining accuracy. 

Besides the low-level voltage, the influence of the pulse duty ratio on the machining 

accuracy was also investigated. It was found that there exits different optimal low-

level voltage according to the duty ratio. 
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