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Study on surface evenness of super-high-thickness cutting in high-speed 

wire electrical discharge machining 

Cong Deng1, Zhidong Liu1 , Ming Zhang1, Hongwei Pan1, Mingbo Qiu1 

(College of Mechanical and Electrical Engineering, 
Nanjing university of Aeronautics and Astronautics, Nanjing, 210016) 

Abstract Surface machined by high-speed wire electrical discharge machining (HS-WEDM) at super-high thickness 
(more than 1000 mm) cutting suffers from uneven surface, a major problem that has been investigated in this paper. 
According to the analysis, as wire frame span increases, the rigidity of the wire electrode decreases, and under the 
action of discharge explosive force, wire electrode vibration intensifies. As a result, the machining stability inevitably 
decreases. However, the core problem is whether there is enough working fluid in the slit to dampen and absorb the 
vibration of the wire electrode so as to ensure the positional stability of the wire electrode. To verify the above point 
of view: first, the wire guide and gravity take-up with bidirectional tension in the wire feeding system were installed 

to improve the positional accuracy of the wire electrode; second, to improve the flow of the working fluid into the 
slit, the slit width was increased by improving the working fluid and a medium carrier with a higher melting point 
and vaporization point can reduce the vaporization of the working fluid in the slit as much as possible. The experiment 
showed that the outlet flow of the improved working fluid is 56.72% higher than that of the original working fluid 
when cutting a 750 mm thick workpiece, which increases the damping and vibration absorption effect of the working 
fluid on the wire electrode in the long and narrow gap. After the above measures were implemented, super-high 
thickness cutting can be carried out continuously and steadily, the surface evenness was significantly improved, and 
the workpiece with a thickness of 2000 mm was cut successfully. 
Keywords WEDM, super-high thickness, surface evenness, working fluid, 2000 mm workpiece   

   
1 Introduction 

Super-high-thickness machining has broad 
application prospects in nuclear energy, aerospace and 
other fields [1]. since the wire electrode is travelling at a 
high speed in high-speed wire electrical discharge 
machining (HS-WEDM), the working fluid can be 
attached to the wire electrode and the working fluid can 
be easily brought into the processing area, which can 
ensure inter-electrode cooling, chip removal, and 
deionization, and provide cutting capability of super-
high thickness workpieces (more than 1000 mm) [2]. In 
the 1980s, Li et al. [3] began to explore the theory and 
technology of high thickness cutting in HS-WEDM and 
machined a workpiece with a thickness of 805 mm. In 
2007, Wan [4] designed a new wire electrode, wire 
tension device, and wire guide to allow for cutting at 
thicknesses up to 1000 mm. In 2017, Li et al. [5] 
conducted theoretical analysis and experimental 
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verification on the inter-electrode discharge energy and 
working medium flow in super-high thickness cutting, 
realized some important conditions for super-high 
thickness, and achieved cutting of a 1500 mm thick 
workpiece. In recent years, with further research and 
application of intelligent high-frequency pulse power 
supply and compound working fluid for super-high 
thickness cutting, it is not difficult for HS-WEDM to 
realize ultra-high thickness workpiece cutting. However, 
ensuring surface evenness of super-high thickness 
workpiece cutting is still a significant challenge. 
Improved surface evenness for super-high thickness 
cutting workpieces is an important developmental 
direction to expand the application scope of HS-WEDM 
machine tools [1]. At present, the uneven stripes appear 
on the workpiece surface after super-high thickness 
processing, which seriously damages the surface quality 
of the workpiece, and greatly limits the applicability of 
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the HS-WEDM machine tool with high surface 
requirements in super-high thickness cutting. The main 
purpose of this paper is to study the influence of 
different working fluids on the surface evenness by 
changing the working fluid of super-high thickness 
cutting, so as to improve the surface quality of super-
high thickness cutting workpieces, and further expand 
the application space of super-high thickness cutting in 
other applications. 

 

2 Experimental system 

The experiment was conducted using a HF500A 
HS-WEDM machine tool, where the maximum cutting 
thickness can reach 2000 mm, as shown in Fig.1. On the 
basis of the original gravity take-up on the upper frame, 
another gravity take-up was installed on the lower frame, 
so gravity take-up with bidirectional tension is formed. 
In addition, two wire guides were installed in the 
machining area. The workpiece with a thickness of 1000 
mm was machined according to the experimental 
conditions and parameters of Table 1, and its surface 
evenness was observed and measured after cutting. 

 

1 Control cabinet 2 Workpiece 3 Wire guide 

4 Upper gravity take-up 5 Lower gravity take-up 

Fig.1 Photograph of the experimental equipment 

Table 1 Experimental parameters 

Item parameter 
Material 45#, Thickness:1000mm 

wire 
Molybdenum wire, diameter = 
0.18mm, length = 300 m 

Wire tension 10N (upper gravity take-up) 
Working fluid JR1A, 1:20 

 Cutting parameter 
Pulsewidth,80μs; Duty cycle,1:8; 
MOS tube number,12 

Wire speed 12m/s 

Average current 4.5A 

Figure 2 shows the cutting surface of the workpiece 
with a thickness of 1000 mm. Deep and dense streaks 
are often formed on the upper and lower ends of the 
workpiece. If the machining parameters are not adjusted 
properly, the streaks will run through the entire cutting 
surface. The depth is up to submillimeter level, which 
seriously damages the surface quality of the workpiece. 

 

Fig.2 The overall and partially magnified photograph of the 

1000 mm thick workpiece 

3 Flow model of the inter-electrode working 
fluid 

To analyze the cause of streak formation, a flow 
model of inter-electrode working fluid was established 
to analyze the relationship between streaks formation 
and machining parameters. In HS-WEDM, the shear 
flow of the working fluid in inter-electrode flow field is 
three orders of magnitude larger than that of the pressure 
difference flow [4], so this paper primarily analyzes the 
shear flow of the working fluid. Suppose that the radius 
of the wire electrode is r1, its axial moving velocity is v0, 
and the slit width δ = 2r2, then the shear flow velocity 
distribution U of the working fluid is [4]: 
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It is assumed that the working medium flows in a 
concentric cylindrical annular gap centered on the axis 
of the wire electrode, as shown in Fig. 3. A finite 
element ring with radius r and width dr is selected on 
the slit section, and its area is ds=2πrdr. By integrating 



the shear flow velocity of the working fluid, the flow Q 
of the working fluid can be obtained as: 
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It can be seen from equation (2) that the flow Q of 
the inter-electrode working fluid increases with 
increasing wire travelling speed v0 and slit width δ. 

 

Fig. 3 Flow model of the working fluid in the annular gap of a 

concentric cylinder 

 

4 Causes of uneven surfaces for super-high 
thickness machining   

For super-high thickness WEDM, the rigidity of 
the wire electrode decreases sharply due to the 
increasing length of the wire electrode in the processing 
area, so the vibration of the wire electrode greatly 
increases when it is slightly disturbed, and the working 
fluid is difficult to enter into the depth of the cutting slit, 
which leads to the greater difference between the inter-
electrode discharge state and the conventional thickness 
cutting. Therefore, the machining stability of super-high 
thickness machining is far lower than that of 
conventional thickness cutting. 
4.1 Effect of the inter-electrode working fluid  

In the process of super-high thickness machining, 
the working fluid not only plays the role of inter-
electrode cooling, washing and deionization, but can 
also absorb and damp the vibration of the wire electrode 

[6]. In super-high thickness machining, due to the 
increased cutting path, the working fluid brought into 

the cutting slit by the high-speed movement of the wire 
electrode will continue to vaporize under the action of 
high temperature generated by discharge, and the slit 
outlet will have inadequate working fluid due to the lack 
of timely supplementation. When the wire electrode 
travels downward, the lower end of the slit will lack 
working fluid, and when the wire electrode travels 
upward, the upper end of the workpiece will lack the 
working fluid. Therefore, the upper and lower ends of 
the cutting slit will always be in a bad discharge state 
due to the lack of working fluid. The abnormal 
discharge environment and lack of damping of the 
liquid medium will cause the vibration of the wire 
electrode to sharply increase, which is also consistent 
with the phenomenon that dense streaks will appear at 
both ends of the workpiece. 

To verify the deterioration of the discharge 
environment at the lower end of the slit when the wire 
electrode is travelling downward, the following 
experimental scheme was designed. The workpiece was 
divided into workpiece 1 and workpiece 2 in the 
experiment. The thickness of workpiece 1 was 750 mm 
and that of workpiece 2 was 50 mm. Workpieces 1 and 
2 are separated by an insulator with a thickness of 1 mm, 
and the insulator was provided with a small groove to 
ensure normal processing of workpieces 1 and 2. At the 
same time, workpiece 1 was blocked by a water shield 
to prevent the working fluid on the surface of the 
workpiece 1 from converging to the wire electrode from 
the gap between the insulator and the workpiece during 
processing, thus ensuring measurement accuracy. This 
experimental device is shown in Fig.4(a). At the 
beginning of the machining process, switches S1 and S2 
are simultaneously closed, that is, the positive pole of 
the pulse power supply is connected to workpiece 1 and 
workpiece 2 at the same time. After the wire electrode 
is completely cut into the workpiece, the oscilloscope is 
used to collect the discharge waveform of workpiece 2 
when the wire electrode is running downward. The test 
principle and measurement diagram are shown in Fig. 4 
(b). 



 

(a) Photograph of the experiment device 

 

(b) Test principle and measurement diagram 

Fig.4 Measurement scheme of the discharge waveform of 

workpiece 2 

Figure 5 shows the discharge waveform of 
workpiece 2 during normal processing. Most of the 
waveforms are discharge waveforms without 
breakdown delay, and even appear in a short circuit state 
at the beginning of discharge, which indicates that the 
inter-electrode discharge environment is extremely poor 
[7]. 

 

Fig.5 Discharge waveform of workpiece 2 

According to the flow model of the inter-electrode 
working fluid, the flow of the inter-electrode working 
fluid can be increased by increasing the wire travelling 
speed and slit width. In the actual processing, because 
the wire travelling speed has reached 12 m/s, if we 
continue to improve the wire travelling speed, the 
cutting stability will be difficult to be guaranteed due to 
the aggravation of the mechanical vibration of the wire 
feeding system. Also, increasing the slit width can be 
achieved by increasing the discharge energy and 
conductivity of the working fluid. Increasing the 
discharge energy is to obtain a larger discharge gap [3], 
which is generally realized by using long pulse width 
and peak current. However, long pulse width and peak 
current will increase the discharge energy of a single 
pulse, and larger discharge energy will increase the 
vaporization of the working fluid; at the same time, the 
larger volume of erosion debris generated by large 
discharge energy is more difficult to be removed from 
the inter- electrode. Therefore, increasing the flow of the 
inter-electrode working fluid by increasing the 
discharge energy will make the inter-electrode 
environment worse, and increasing the conductivity of 
the working fluid may be a feasible method to 
increasing the flow of the inter-electrode working fluid. 
4.2 Effect of wire vibration 

For super-high thickness WEDM, the vibration of 
the wire electrode mainly includes low-frequency 
vibration caused by high-speed movement of the wire 
feeding system and high-frequency vibration caused by 
discharge explosion force. The first is the low-frequency 
vibration introduced by the wire feeding system with 
high-speed and reciprocating wire feeding. The 



vibration sources mainly include the reversal of the wire 
cylinder and the axial and radial runout of the guide 
wheel. Specifically, the wire vibration caused by the 
sudden change of the wire tension in the acceleration 
and deceleration stage of the motor during the wire 
cylinder reversing is mixed with the wire vibration 
caused by high-frequency discharge, which greatly 
reduces the machining stability. In addition, due to the 
lower feed speed of the wire electrode during the super-
high thickness machining process, the frequent reversal 
of the wire cylinder will inevitably lead to difficulties of 
maintaining the positional accuracy of the wire 
electrode, resulting in an uneven cutting surface. 
Secondly, to ensure that a single pulse has strong 
eroding ability, a larger discharge energy is generally 
used for machining, so the thin and flexible wire 
electrode is subjected to greater discharge explosion 
force in the narrow and long machining area. However, 
the anti-interference capability of the wire electrode is 
very low, and there is not enough working fluid between 
the electrodes to dampen the vibration of the wire 
electrode. Therefore, the positional accuracy of the wire 
electrode will significantly change in a short time due to 
the random discharge explosive force. When the 
positional accuracy of the wire electrode is low, the feed 
path of the wire electrode is not strictly in accordance 
with the theoretical straight path but swings forward in 
a predetermined straight direction, as shown in Fig.6. At 
this time, the machining surface will produce uneven 
steaks. In the case of severe vibration, the streaks even 
run through the entire cutting surface. 

 

(a) Theoretical feed path 

 

(b) Practical feed path 

Fig.6 Feed model of the wire electrode [5] 

 

5 Measures to solve surface unevenness 

To obtain a flat cutting surface in super-high 
thickness machining, reduce the low-frequency and 
large amplitude vibration caused by high-speed wire 
feeding system and ensure that the working fluid is 
evenly filled in the inter-electrode, so that the wire 
electrode can be limited and dampened by the working 
fluid in the whole gap. Therefore, the positional 
accuracy of the wire electrode is relatively high during 
processing, and the wire electrode maintains stable feed 
at steady state. 
5.1 Wire guide and bidirectional tension device 

Wire guides and constant tension device are 
important means to improve the stability of wire 
electrode in processing area. In the past, the wire guide 
was not used in super-high thickness cutting. The reason 
is that it is generally believed that the wire guide is 
difficult to restrain the large and complex positional 
changes of the wire electrode, and the use of the wire 
guide will increase the friction of the wire electrode with 
high-speed travelling, resulting in decreased service life. 
Therefore, the vibration of the wire electrode cannot be 
effectively suppressed by low-frequency excitation 
sources such as the wire cylinder and the guide wheel. 
Therefore, the vibration of the wire electrode caused by 
the low-frequency excitation source such as the wire 
cylinder and the wire wheel cannot be effectively 
suppressed. The wire guide is primarily used to cut off 



the transmission path of wire vibration caused by the 
low-frequency excitation source to the processing area, 
so as to ensure the wire electrode can maintain high 
positional accuracy in the processing area. HS-WEDM 
has always existed for uneven wire tension [8], while 
uneven wire tension will be more serious in super-high 
thickness processing. The gravity take-up with 
unidirectional tension can only alleviate uneven wire 
tension to a lesser extent due to the limited travel. 
Therefore, the gravity take-up with bidirectional tension 
is used to reduce the tension change of the wire 
electrode, and further reduce the positional change of 
the wire electrode during processing. Figure 7 shows the 
workpiece with thickness of 1000 mm machined by 
wire guide and the gravity take-up with bidirectional 
tension (other processing parameters are shown in Table 
1). It can be seen from the figure that the deep streaks 
on the workpiece surface are obviously reduced, but 
there are still some shallow streaks, so more effective 
ways must be taken to improve the positional accuracy 
of the wire electrode. 

 

Fig.7 Workpiece with a thickness of 1000 mm machined by the 

wire guide and bidirectional tension device 

5.2 Improvement of the working fluid 

For super-high thickness workpiece machining, the 
key condition for continuous and stable machining is 
that the working fluid has evenly filled the inter-
electrode, which is also a key to improving the surface 
evenness [9]. The uniform working fluid can limit the 
interference of discharge explosive force on the wire 
electrode in the whole gap, so as to further improve the 
positional accuracy of the wire electrode during 
machining. To ensure that the working fluid can evenly 
fill the inter-electrode: first, the working fluid must have 
good cooling, washing, and deionization performance, 
which can then be brought into the slit as much as 
possible; second, it is necessary to reduce the 
vaporization of the inter-electrode working fluid as 
much as possible to ensure that there is enough working 
fluid to drive the debris out of the gap. 

To verify that the improved working fluid JR3A 

(upgrade) can evenly fill the inter-electrode, a method 
of measuring leakage current was used to qualitatively 
evaluate the flow of the working fluid at the lower end 
of the slit. The experimental device for measuring the 
inter-electrode leakage current is shown in Fig.4(a). 
Since the probability of pulse discharge is very high 
when the super-high thickness cutting is stable, it is 
difficult to collect the no-load waveform, so the 
following test scheme is used to measure the leakage 
current waveform. At the beginning of processing, 
workpieces 1 and 2 are connected to the positive pole of 
pulse power supply at the same time. When the wire 
electrode is completely cut into the workpiece, the 
processing is suspended. Then, switch S1 is opened and 
switch S2 is closed, and only workpiece 2 is connected 
to the positive pole of the pulse power supply. Next, 
Resume processing that had been suspended but close 
the worktable feed. At this time, workpiece 1 is not 
processed, but only used as the channel for wire 
electrode travelling. The instantaneous leakage current 
waveform of workpiece 2 is collected. The 
measurement scheme is shown in Fig. 4 (b). 

The higher the conductivity of the working fluid, 
the larger the discharge gap, and the greater the flow of 
the working fluid between the electrodes. Therefore, the 
improved working fluid JR3A (upgrade) has higher 
conductivity. In this experiment, the original working 
fluid JR1A and the improved working fluid JR3A 
(upgraded) were prepared to obtain two different 
working fluids. The conductivity of the two different 
working fluids were measured as shown in Table 2. The 
conductivity of the improved working fluid 
JR3A(upgrade) was 2.11 times that of the original 
working fluid JR1A. According to the above 
experimental scheme, two different working fluids were 
used to process under the same machining parameters. 
After processing, workpiece 2 was removed and cleaned, 
and its slit width was measured as shown in Fig.8. 

 

 

 

 

 

 



Table 2 Working fluid JR1A and JR3A (upgrade) related 

parameters 

Working fluid Ratio 
conductivity 
 (μS/cm) 

Average 
slit width δ 

(μm) 

JR1A 
1:20 

m=5930 δm=219 

JR3A(upgrade) n=12540 δn=240 

 

(a) Working fluid JR1A 

 

(b) Working fluid JR3A(upgrade) 

Fig.8 Slit machined with the different working fluid 

Since the flow of the inter-electrode working fluid 
cannot be obtained by direct measurement, the flow is 
qualitatively analyzed by theoretical calculation and 
experimental verification. HS-WEDM was conducted 
using the working fluid with certain insulative 
performance. After the voltage was applied between the 
poles, the leakage current will be generated due to the 
conductivity of the medium. Under certain conditions, 
the inter-electrode leakage current can reflect the flow 
of inter-electrode working fluid [10], and the leakage 
current is directly related to the inter-electrode working 
fluid resistance. Therefore, the inter-electrode working 

fluid resistance and leakage current can be used to 
explain the flow of inter-electrode working fluid in 
different working fluids for theoretical and practical 
comparison. The calculation formula of the inter- 
electrode working fluid resistance R is expressed as [5]: 
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where h is workpiece thickness;  is the 
conductivity of the working fluid; δ is the slit width, δ = 
2r2; r1 is the wire radius. 

Assuming that the inter-electrode working fluid 
resistance of JR1A and JR3A (upgrade) are Rm and Rn, 
respectively, the data measured in Table 2 were 
substituted into formula (3), and the following results 
can be obtained: 

1

1
ln 5.2662

2

m

m

m

R
h r


 

    

1

1
ln 3.9149

2
n

nR
h r 


  

n

 

The theoretical leakage current ratio of two 
different working fluids is as follows: 

m
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In the experiment, the same machining parameters 
are used for cutting, and the oscilloscope is used to 
collect the voltage and current waveforms of workpiece 
2 when processing in two different working fluids. The 
waveforms are shown in Figure 9. The leakage current 
can be read from the waveform, so the ratio of leakage 
current generated by two different working fluids can be 
obtained as follows: 

m

ac

n

I 1.0
100% 100%= 71.43%

I 1.4
      

 

(a) Working fluid JR1A 

 



 

(a) Working fluid JR3A(upgrade) 

Fig.9 Leakage current waveform machined with different 

working fluids 

It can be seen from equation (2) that when the wire 
speed v0 is constant, the flow Q of the inter-electrode 
working fluid is related to the slit width δ. It can be seen 
from equation (3) that when the workpiece thickness is 
fixed, the resistance of the inter-electrode working fluid 
is related to the conductivity σ of the working fluid and 
the slit width δ. Therefore, when the workpiece 
thickness and processing parameters are the same, there 
is a certain relationship between the resistance R of the 
inter-electrode working fluid and the conductivity σ of 
the working fluid and the working fluid flow Q. As the 
inter-electrode leakage current is related to the 
conductivity of the working fluid and the working fluid 
flow, and the conductivity of the two different working 
fluids are different, and it is difficult to determine 
whether the inter-electrode leakage current difference of 
the two working fluids is related to the working fluid 
flow. Therefore, assuming that the flow of the two 
working fluids is the same, the ratio of the leakage 
current generated by the conductivity difference 
between the two working fluid is as follows: 
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difference in leakage current between the two working 
fluids is determined by the conductivity σ and flow Q of 
the working fluid. The improved working fluid JR3A 
(upgrade) produces wider slits during machining. 
According to the flow model of the inter-electrode 
working fluid, the flow of working fluid JR3A (upgrade) 
is greater than that of working fluid JR1A during 

machining. Assuming that the flow of working fluids 
JR1A and JR3A (upgrade) are Q1 and Q2, respectively, 
the increase ratio of the outlet flow of the improved 
working fluid JR3A (upgrade) at the lower end of the 
workpiece to that of the working fluid JR1A is as 
follows: 
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The outlet flow of the improved working fluid 
JR3A (upgrade) at the lower end of the workpiece is 
56.72% higher than that of the working fluid JR1A. 
Therefore, the improved working fluid can more easily 
fill the inter-electrode. 

Figure 10 shows a model of inter-electrode state 
corresponding to different working fluids in super-high 
thickness machining. It can be seen from Fig.10 (a) that 
the slit width δm generated by discharge in working fluid 
JR1A is narrow and the flow of working fluid is less in 
the slit and continuously vaporized in the narrow and 
long discharge gap during machining. Therefore, less 
working fluid in the slit cannot dampen and absorb the 
vibration of the wire electrode. In addition, the ability of 
the working fluid to drive the debris out of the gap is 
greatly reduced (as shown by the arrow on the left side 
of the figure), resulting in unstable machining. The 
working fluid JR3A (upgrade) with higher conductivity, 
melting point and vaporization point components is just 
the opposite, and its model of the inter-electrode state is 
shown in Fig.10(b). Since the discharge can form a 
larger discharge gap, the slit width δn will be wider, and 
the flow of working fluid in the slit will be more. 
Therefore, the dielectric fluid can play a very good 
damping effect on the wire electrode in the narrow and 
long gap. In addition, due to the increase of the 
components with a higher melting point and 
vaporization point in the working fluid, the vaporization 
of the inter-electrode working fluid is greatly reduced, 
which can ensure that there is sufficient working fluid 
in the gap. Therefore, its ability to carry the erosion 
products out of the gap is greatly improved (as shown 
by the arrow on the left side of the figure) [11], which 



greatly improves the cutting stability. When the 
conductivity of the working fluid increases, the leakage 
current will increase accordingly, and more discharge 
energy will be consumed during processing; at the same 
time, the discharge gap will increase. Therefore, the 
cutting speed will be reduced, but the machining 
stability is the main goal, and the machining stability is 
the key factor to ensuring the surface evenness. 

 

(a) Inter-electrode state of working fluid JR1A and debris 

expelling condition 

 

(b) Inter-electrode state of working fluid JR3A (upgrade) 

and debris expelling condition 

Fig.10 Schematics of inter-electrode state in super-high 

thickness machining 

 

6 Sample of super-high thickness workpiece 

The improved system was used to cut a 1000 mm 
thick workpiece. Other parameters are shown in Table 1. 
Figure 11 shows the overall and partially magnified 
photograph of the workpiece. It can be seen that the 
surface evenness has been greatly improved. Under the 
same conditions, the pulse width was adjusted to 120μs, 
the duty cycle was 1:10, the average cutting current was 
3.5A, and the cutting test of the workpiece with a 
thickness of 2000mm was carried out. The cutting 
efficiency was 3000mm2/h, and the surface roughness 
was Ra 6.864μm. Figure 12 shows a sample with a 
thickness of 2000 mm. 

 

Fig.11 The overall and partially magnified photograph of a 1000 

mm thick workpiece machined by the improved system 

 



 

Fig.12 2000 mm workpiece 

 

7 Conclusions 
(1) For super-high-thickness workpiece machining, 

with increasing wire frame span, the rigidity of the wire 
electrode decreases. Under the action of discharge 
explosive force, the wire vibration greatly increases, 
and the cutting stability inevitably decreases, which will 
have a serious impact on the cutting surface evenness. 

(2) The low-frequency vibration of the wire 
electrode can be reduced by using the wire guide and 
gravity take-up with bidirectional tension, thereby 
improving the cutting surface evenness. 

(3) The improved working fluid with higher 
conductivity, melting point and high vaporization point 
can increase the flow of the working fluid in the slit. The 
sufficient fluid medium is used to dampen and absorb 
the vibration of the wire electrode in the gap, which 
plays a key role in improving the stability of super-high-
thickness workpiece machining. 
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Figures

Figure 1

Photograph of the experimental equipment

Figure 2

The overall and partially magni�ed photograph of the 1000 mm thick workpiece



Figure 3

Flow model of the working �uid in the annular gap of a concentric cylinder

Figure 4

Measurement scheme of the discharge waveform of workpiece 2



Figure 5

Discharge waveform of workpiece 2

Figure 6

Feed model of the wire electrode [5]



Figure 7

Workpiece with a thickness of 1000 mm machined by the wire guide and bidirectional tension device

Figure 8

Slit machined with the different working �uid

Figure 9



Leakage current waveform machined with different working �uids

Figure 10

Schematics of inter-electrode state in super-high thickness machining

Figure 11

The overall and partially magni�ed photograph of a 1000 mm thick workpiece machined by the improved
system



Figure 12

2000 mm workpiece


