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Slot array structure is widely used in the aerospace industry, precision molds, instrumentation and 

other fields. Electrochemical machining has a unique advantage in the fabrication of slot arrays. 

However, there are still problems for electrochemical machining slot arrays with complex shapes, such 

as poor stability, low forming accuracy and difficult processing. To improve the processing ability of 

arc-shaped slot arrays, the influence of electrolyte flow pattern and pressure on flow field stability in a 

closed channel was studied with a computational fluid dynamics simulation, and the flow pattern and 

pressure parameters were optimized. Moreover, comparative experiments of continuous-feed 

electrochemical machining mode and low-frequency oscillation assisted electrochemical machining 

mode were carried out based on a self-developed oscillation apparatus. The influence of auxiliary 

oscillation motion on the processing stability frequency, average slot width, and slot slope was 

analyzed, and an arc-shaped slot array with a slot width of 0.244±0.01 mm and high accuracy in shape 

and dimension was fabricated on a rotary workpiece. 
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1. INTRODUCTION 

Slot structure is extensively used in aerospace, electronic packaging, instrumentation, precision 

molds and other fields [1,2]. With the development of precision and intelligent industrial products, the 

requirements for slot structure machining accuracy and process stability have become stricter. 

Currently, frequently used slot machining technology includes mechanical cutting, electro-erosion 

machining, electrochemical machining, and laser beam machining [3-5]. Compared with other 

processing techniques, electrochemical machining has a unique advantage owing to the remarkable 

characteristics of no mechanical deformation, no thermal stress and no tool cathode loss [6,7]. 
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However, there are still some problems with slot structure electrochemical machining, such as poor 

flow field stability, poor consistency for multiple-slots, and difficulty in machining complex-shaped 

slots. 

For the purpose of improving the processing ability of slot structure electrochemical 

machining, some technical methods have been recently presented by scholars, such as auxiliary 

oscillation motion with continuous feed [8], high-speed rotation of the tool cathode [9], and 

improvement of the pulse power supply [10]. Liu et al. studied the flow field distributions in multi-slot 

electrochemical machining using the finite element method, and 30 slots were machined 

simultaneously by using the method of low-frequency vibration superimposed on the tool cathode 

continuous feed [11]. Qu et al. investigated the combined method of workpiece vibration and cathode 

traveling in wire electrochemical machining (WECM), and the transmissions of anodic products and 

hydrogen bubbles in the small inter-electrode gaps were significantly promoted by optimizing the 

vibration parameters. Moreover, groups of micro- slits with good consistency were successfully 

machined [12]. Xu et al. proposed the method of wire electrochemical machining with multiple 

cathodes, and micro-slit machining efficiency was significantly increased. Moreover, a variety of slit 

structures were successfully fabricated on a cobalt-based elastic alloy plate [13]. Liu et al. 

photographed the hydrogen bubble layer structures during the electrochemical machining process, and 

an inner annular groove with a width of 263 μm and a depth of 340 μm was machined with a high-

speed rotating dentate cathode [14]. Ghoshal et al. investigated the distributions of current density in 

the small inter-electrode gap and conducted experimental research on the parameter optimization of 

pulse electrochemical machining. Finally, a micro-slot structure with smaller taper was fabricated 

using a micro-tool cathode [15]. However, previous research on slot structure electrochemical 

machining was concentrated overall on single slots and groups of linear slots, and there were few 

studies on the electrochemical machining of curved slots [16,17]. Currently, the fabrication of slots 

with complex shapes has brought great challenges to electrochemical machining technology. 

In this work, the electrochemical machining of an arc-shaped slot array is taken as the research 

object, and the distributions of electrolyte flow velocity and pressure in a closed flow channel were 

investigated on the basis of a computational fluid dynamics (CFD) simulation. Furthermore, contrast 

experiments of continuous-feed electrochemical machining mode and low-frequency oscillation 

assisted electrochemical machining mode were carried out based on a self-developed electromagnetic 

driving oscillation apparatus, and the influence of auxiliary oscillation on the processing stability 

frequency, average slot width, and slot slope was investigated.  

 

 

 

2. EXPERIMENTAL 

2.1. Determination of flow pattern and electrolyte pressure 

The electrolyte flow pattern in arc-shaped slot array electrochemical machining affects the fluid 

flow characteristics in the machining region and then directly affects the transmission of electrolytic 

products and the distribution of electrolytic conductivity. It can even determine whether the machining 
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process could be stably conducted. Moreover, previous studies have shown that compared with open 

flow field design, flow field fluctuation in the inter-electrode gap could be reduced significantly, and 

the processing stability could be improved by adopting a closed flow channel design [18,19]. Fig. 1 

shows two types of closed flow channel structures with the same geometric configuration when the 

electrolyte flow patterns are forward and reverse flow. In view of the arc-shaped slot being centrally 

and symmetrically distributed with a rib width of only 0.1 mm, the influences of the tool cathode ribs 

on the closed flow channel structure are neglected, and the inter-electrode gap is set to 0.1 mm. 

     
 

(a) flow channel structure for forward flow         (b) flow channel structure for reverse flow 

 

Figure 1. Closed flow channel structures for different electrolyte flow patterns 

 

To analyze the effects of electrolyte flow pattern and pressure on flow field stability, the 

variations of electrolyte pressure and flow velocity in the closed flow channel are investigated with 

CFD simulation. The electrolyte temperature is set to 25
 
°C, and the dynamic viscosity coefficient vT is 

set to 0.9×10
-6

 m
2
/s. The flow fields at the machining region, fluid inlet and fluid outlet are all assumed 

to be steadily distributed, and the electrolyte fluid is assumed to be as follows: (1) it is an ideal liquid 

that contains no hydrogen bubble, no oxygen bubbles and no sludge; (2) it is an incompressible 

constant Newtonian fluid; (3) temperature fluctuation and energy dissipation are both ignored. 

Therefore, the electrolyte fluid flow is restricted by the fluid state and basic conservation equations 

[20]. The flow field distribution in the closed flow channel is simulated based on the standard k-ε 

turbulence model, and the effect of gravity on the steady flow of incompressible electrolyte fluid is not 

considered.   

Fig. 2 shows the variations of pressure and flow velocity in the inter-electrode gap, when the 

flow pattern is forward, the electrolyte inlet pressure P0 is 0.5 MPa, and the electrolyte outlet pressure 

Pe is 0.3 MPa. As shown in Fig. 2(a), there is a significant negative pressure region in the inter- 

electrode gap near the inlet due to severe disturbance of the electrolyte fluid caused by the dramatic 

change of the workpiece geometric shape. In addition, the electrolyte pressure in the negative pressure 

region that is lower than the vaporization pressure is prone to produce the cavitation phenomenon and 

pressure alternation, which will seriously affect the flow field stability. As shown in Fig. 2(b), due to 

the sharp decrease in flow channel cross-sectional area from the inlet to the machining region, the 

electrolyte flow velocity near the inlet increases rapidly and fluctuates violently. The kinetic energy of 

the electrolyte fluid also increases dramatically. However, because the variation of the flow channel 
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cross-sectional area in the inter-electrode gap tends to be gentle, the flow velocity uniformly decreases 

from 25 m/s to 7 m/s along the electrolyte flow direction. 

 

         
         (a) distribution of electrolyte pressure       (b) distribution of electrolyte flow velocity 

 

Figure 2. Flow field distribution in the inter-electrode gap for forward flow 

 

       
         (a) distribution of electrolyte pressure       (b) distribution of electrolyte flow velocity 

 

Figure 3. Flow field distribution in the inter-electrode gap for reverse flow 

 

Fig. 3 shows the variations of pressure and flow velocity in the inter-electrode gap for reverse 

flow, with inlet pressure P0 of 0.5 MPa and the outlet pressure Pe of 0.3 MPa. The electrolyte pressure 

is uniformly reduced from 0.5 MPa to 0.42 MPa along the electrolyte flow direction, and the pressure 

fluctuation is slight, as shown in Fig. 3(a). Moreover, there are no negative pressure and pressure 

alternating regions in the inter-electrode gap. The flow velocity in the machining region increases 

uniformly from 4 m/s to 13 m/s along the electrolyte flow direction, and the flow velocity fluctuation 
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is relatively gentle, as shown in Fig. 3(b). Furthermore, there is no velocity mutation region in the 

machined surface, and the flow field distribution tends to be stable. 

The simulation of different electrolyte flow patterns shows that compared with forward flow, 

reverse flow adapts well to the changes of flow channel cross-section and workpiece surface profile. 

There is no negative pressure region, no pressure alternating region, and no velocity mutation region in 

the inter-electrode gap, and the reverse flow field distribution is relatively stable. Moreover, flow 

velocity and pressure fluctuations in the inter-electrode gap are small, and the uniformity of flow field 

distribution for reverse flow is also good. Therefore, the reverse flow pattern is more suitable for the 

experiments on arc-shaped slot array electrochemical machining. 

The inlet pressure P0 provides the velocity energy of fluid flowing in the flow channel. 

Previous studies have shown that in order to achieve a turbulent electrolyte flow state, conduct normal 

electrochemical reactions, inhibit the electrolyte temperature rise and exhaust electrolytic products in a 

timely manner, the electrolyte flow velocity should be more than 5 m/s. By increasing the outlet 

pressure Pe, the electrolyte pressure difference between the inlet and outlet could be reduced, and the 

pressure mutation in the flow channel could also be reduced. Fig. 4 shows the velocity distributions of 

section line P1P2 under different inlet and outlet pressure parameters. The section line P1P2 is 

consistent with the machining region of the slot array on the workpiece, and the electrolyte flow 

pattern is reverse flow. It is known from Fig. 4(a) that when the outlet pressure is fixed, the electrolyte 

flow velocity increases gradually with the inlet pressure, but variations of section line electrolyte flow 

velocity are similar. It is known from Fig. 4(b) that when the inlet pressure is fixed, the electrolyte 

flow velocity decreases gradually with the increase of outlet pressure, and the fluctuation decreases 

accordingly.  

 

      
(a) flow velocity with different inlet pressure   (b) flow velocity with different outlet pressure 

 

Figure 4. Distribution of flow velocity for section line P1P2 with varied electrolyte pressure 

 

Flow field simulation analyses with different inlet and outlet pressure parameters show that 

increasing the inlet and reducing the outlet pressure is conducive to improving the machining region 

flow velocity, and then the exhaustion of electrolytic products and inhibition of the temperature rise 

are facilitated. However, high inlet pressure has higher requirements for the electrolyte pipeline and 

pump, and the overly low outlet pressure is not conducive to the uniform removal of anode material 
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due to the sharp fluctuation of flow velocity. When the inlet pressure P0 is 0.7 MPa and the outlet 

pressure Pe is 0.2 MPa, the machining region electrolyte flow velocity varies from 5 m/s to 15 m/s. The 

flow velocity is relatively high and the fluctuation is slight. 

2.2. Apparatus for slot array electrochemical machining  

The CFD simulation results show that the flow field mutation in the inter-electrode gap can be 

avoided, and the electrolyte flow velocity can be improved by adopting the reverse flow pattern with 

reasonable inlet and outlet pressure parameters, but it is still difficult to change the electrolyte flow 

velocity distribution in the machining region. During the process of continuous-feed electrochemical 

machining of arc-shaped slot arrays, due to the increase of pressure loss along the flow direction with 

the increment of machining depth, the effect of electrolyte renewal on the slot bottom is significantly 

weakened, and anodic products, gaseous products and Joule heat easily accumulate in the low-velocity 

region. Thus, the improvement of processing stability is restricted. Previous research has shown that 

when low-frequency oscillation is superimposed on a continuous feed, problems of electrolytic product 

removal and electrolyte renewal in the low-velocity region can be resolved by periodic change of the 

inter-electrode gap [21]. 

 

 
 

Figure 5. Schematic diagram of the oscillation apparatus  

 

For the purpose of improving the processing stability and forming accuracy of the arc-shaped 

slot array, comparative experiments of continuous-feed electrochemical machining mode and low-

frequency oscillation assisted electrochemical machining mode were conducted, and low-frequency 

vertical oscillation was superimposed on the continuous feed in the low-frequency oscillation assisted 

electrochemical machining mode. Fig. 5 shows the structure of the self-developed low-frequency 

oscillation apparatus, and Fig. 6 shows the experimental apparatus for the electrochemical machining 

of arc-shaped slot arrays. The oscillation apparatus includes the voice coil motor, voice coil stator, ball 

spline, digital grating ruler, counterweight cylinder and shell. The linear voice coil motor is a driving 

component of the oscillation apparatus, the ball spline pair is a motion guiding component, and the 
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digital grating ruler is an element of oscillation position detection and feedback. The Elmo Cello 

intelligent servo controller is used to accurately control the position of the voice coil motor, and then 

high precision oscillation motion is realized. Moreover, protections for voice coil motor overload, 

undervoltage and short circuits are realized. The performance parameters of the oscillation apparatus 

are as follows: the maximum load weight is 9 kg, the peak thrust is 4715.2 N, the continuous thrust is 

1111.4 N, the oscillation frequency is arbitrarily adjustable within the range of 0 to 50 Hz, the 

amplitude is arbitrarily adjustable within the range of 0 to 1 mm, the output oscillation waveform is a 

sine wave or a trapezoidal wave, the maximum oscillation waveform tracking error can be controlled 

within the range of 0.01 mm and the repeatable positioning accuracy can be controlled within 3 μm. 

 

 
 

Figure 6. Experimental apparatus and cathode structure for slot array electrochemical machining 

 

2.3. Experimental arrangements  

For the purpose of analyzing the effect of continuous-feed electrochemical machining mode 

and low-frequency oscillation assisted electrochemical machining mode on the processing ability of 

arc-shaped slot arrays, comparative experiments with different amplitudes and oscillation frequencies 

were carried out, and changes to the processing stability frequency, average slot width, and slot slope 

under different oscillation motions were studied. The main machining parameters are shown in Table 

1, and the initial inter-electrode gap distribution for different amplitudes is shown in Fig. 7. The 

dimension detection of the arc-shaped slot array is shown in Fig. 8. A digital microscope was used to 

detect the entrance slot width D1, the middle slot width D2, and the bottom slot width D3 of the 

workpiece at four different positions. The average slot width Da and slot slope δ of each detection 

position are calculated by equations (1) and (2), respectively, and h is the workpiece thickness. 

)1(3/)( 321 DDDDa   

)2(2/)( 31 hDD 
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Figure 7. Initial inter-electrode gaps for different oscillation amplitudes 

 

 
 

Figure 8. Schematic diagram for the detection of arc-shaped slot arrays 

 

Table 1. Main parameters of arc-shaped slot array electrochemical machining 

 

Machining parameter Value 

Workpiece material SS304 

Cathode material Beryllium bronze 

Initial inter-electrode gap Δ0 (mm) 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 

Peak voltage U (V) 8, 10 

Impulse frequency (kHz) 3 

Duty ratio  0.6 

Electrolyte composition NaNO3 

Electrolytic conductivity κ (S/m) 7.9 

Flow pattern Reverse flow 

Inlet pressure P0 (MPa) 0.7 

Outlet pressure Pe (MPa) 0.2 

Continuous feed rate (mm/min) 0.25 

Amplitude A (mm) 0, 0.1, 0.2, 0.3, 0.4, 0.5 

Oscillation frequency f (Hz) 0, 10, 20, 30, 40, 50 

Workpiece thickness (mm) 0.5 
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3. RESULTS AND DISCUSSION 

3.1. Effect of auxiliary oscillation on process stability 

To investigate the effect of auxiliary oscillation motion on the processing stability of arc-

shaped slot array electrochemical machining, comparative experiments with different amplitudes and 

oscillation frequencies were carried out. The peak voltage was set to 10 V and the continuous feed rate 

was set to 0.25 mm/min. The oscillation parameters for each group were repeated 15 times. The 

processing stability frequencies for varied oscillation frequencies are shown in Fig. 9(a), and the 

processing stability frequencies for varied amplitudes are shown in Fig. 9(b). 

 

        
(a) variations with oscillation frequency (A=0.3 mm)  (b) variations with amplitude (f=30 Hz) 

 

Figure 9. Processing stability frequencies for different oscillation motions 

 

It is known from Fig. 9 that compared with the continuous-feed electrochemical machining 

mode (A=0 mm or f=0 Hz), the low-frequency oscillation assisted electrochemical machining mode 

can significantly improve the processing stability of slot array electrochemical machining. When the 

oscillation frequency or amplitude is low, there is still a significant low velocity region in the inter-

electrode gap, resulting in the accumulation of gaseous products and the cathode rib is easy to be 

deformed due to the surface tension of hydrogen bubbles [22]. Therefore, the processing stability 

frequency is relatively low. When the amplitude is set to 0.3 mm, the processing stability frequency 

generally increases with the increment of the oscillation frequency. The processing stability frequency 

increases significantly when the oscillation frequency increases from 0 to 30 Hz. When the oscillation 

frequency is higher than 30 Hz, the processing stability frequency changes little. When the oscillation 

frequency is set to 30 Hz, the processing stability frequency increases at first and then decreases with 

increasing amplitude. As the amplitude increases from 0 to 0.3 mm, the processing stability frequency 

increases gradually. However, the processing stability decreases significantly when the amplitude is 

greater than 0.3 mm. The amplitude increase is conducive to enhancing the electrolyte scouring effect 

on cathode bottom surface, thereby facilitating the exclusion of gaseous products [23]. However, in the 

meantime, the electrolyte impedance between the workpiece and the tool cathode increases 

significantly with increasing amplitude, and then the electrochemical dissolution rate at the slot bottom 
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decreases significantly, and it is likely to produce spark discharging, or even a short circuit when the 

feed rate is greater than the electrochemical dissolution rate at the bottom. Thus, the processing 

stability frequency decreases with the increment of amplitude in the range of 0.3 mm to 0.5 mm.  

The typical current curves of the slot array electrochemical machining process collected by 

Hall current sensor are shown in Fig. 10. When the continuous-feed electrochemical machining mode 

is adopted, the inter-electrode gap changes dramatically with the ribs of the tool cathode gradually 

entering the interior of the workpiece (feeding distance is close to 0.2 mm), and then significant 

fluctuations are produced in the machining current curves. Moreover, when the feeding distance is 

close to 0.6 mm, the frontal inter-electrode gap changes dramatically, and the flow velocity distribution 

also changes sharply due to the gradual penetration of the slot array bottom. Thus, the current curve 

fluctuation is aggravated. In the process of low-frequency oscillation assisted electrochemical 

machining, the current curve fluctuation is more stable, and the process stability is better when the 

amplitude is 0.3 mm and the oscillation frequencies are 30 Hz and 50 Hz. However, when the 

oscillation frequency is 30 Hz and the amplitude is increased to 0.5 mm, as the residence times of the 

cathode ribs inside the workpiece are sharply reduced, the electrochemical dissolution rates at the slot 

array bottom are significantly reduced. Moreover, the excessive amplitude leads to the enhancement of 

electrolyte pumping action, and resulting in a separation between the cathode and the electrolyte 

surface [24]. Thus, the current curve fluctuation is large, and the process stability is poor at the initial 

processing and slot array penetration stages.  

 

       
(a) A=0 mm, f=0 Hz                                         (b) A=0.3 mm, f=30 Hz 

       
(c) A=0.3 mm, f=50 Hz                                      (d) A=0.5 mm, f=30 Hz 
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Figure 10. Typical current curves collected by using different electrochemical machining modes 

3.2. Effect of auxiliary oscillation on accuracy 

To investigate the influence of auxiliary oscillations on the forming accuracy of arc-shaped slot 

arrays, contrast experiments with different oscillation parameters were conducted. The peak voltage 

was set to 10 V and the continuous feed rate was set to 0.25 mm/min. Moreover, detection and analysis 

of slot width and slot slope at different workpiece positions was also conducted.  

 

3.2.1. Effect of amplitude on accuracy 

The variations of average slot width and slope at different detection positions under different 

amplitudes are shown in Fig. 11. It is known from Fig. 11(a) that the average slot width of each 

detection position generally decreases with the increment of amplitude, but the average slot width 

changes little with increasing amplitude when it is less than 0.2 mm. The average slot width gradually 

decreases and tends to be consistent when the amplitude is greater than 0.3 mm. The slot slope of each 

detection position decreases significantly with the increment of amplitude, as shown in Fig. 11(b). 

However, the slot slope varies slightly with increasing amplitude when it is greater than 0.2 mm.  

It is known from the average slot width and slope for different amplitudes that when it is less 

than 0.2 mm, the influence of oscillation motion on the average slot width is not significant because 

the amplitude is significantly smaller than the workpiece thickness. The residence times of cathode ribs 

staying outside the workpiece extend with the increasing amplitude, resulting in a significant increase 

in the electrolyte impedance in the inter-electrode gap and a significant decrease in the electrochemical 

dissolution rate. Thus, the average slot width decreases significantly. Moreover, electrolyte convection 

is further strengthened with the increment of amplitude, which promotes the removal of sludge and 

gaseous products in the low velocity region, and then the electrochemical dissolution rate of the anode 

material tends to be stable [25]. Therefore, the slot slope decreases significantly, and the average slot 

width of each detection position tends to be the same.  

 

     
(a) change of slot width with amplitude (f=30 Hz)   (b) change of slope with amplitude (f=30 Hz) 

 

Figure 11. Variations of the average slot width and slot slope with amplitude 
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3.2.2. Effect of oscillation frequency on accuracy 

The variations of average slot width and slope at different positions under different oscillation 

frequencies are shown in Fig. 12. As depicted in Fig. 12(a), the average slot width of each position 

generally decreases with increasing oscillation frequency, but it increases with increasing oscillation 

frequency higher than 40 Hz. Moreover, the average slot width of each detection position is quite 

different when the oscillation frequency is low, but tends to be the same with the increment of 

oscillation frequency. As depicted in Fig. 12(b), the slot slope of each detection position decreases 

generally with increasing oscillation frequency, and the slot slope of low-frequency oscillation assisted 

electrochemical machining mode is less than 25% of the continuous-feed electrochemical machining 

mode when the oscillation frequency is higher than 30 Hz. Moreover, the slot slope of each detection 

position also tends to be the same with the increasing oscillation frequency. 

 

     
(a) change of slot width with frequency (A=0.3 mm)  (b) change of slope with frequency (A=0.3 mm) 

 

Figure 12. Variations of the average slot width and slope with oscillation frequency 

 

It can be concluded from the average slot width and slope for different oscillation frequencies 

that increasing oscillation frequency is beneficial to the timely exclusion of gaseous products, sludge 

and Joule heat in the low velocity region, and the uniformity of electrolytic conductivity is enhanced. 

Furthermore, the slot-array slope could be reduced, and the uniformity of slot width at each detection 

position could be improved. However, the electrolytic products at the slot bottom have not been 

excluded in a timely manner and are dragged into the inter-electrode gap due to the excessively short 

period when the oscillation frequency is higher than 40 Hz, and this is not conducive to increasing the 

electrochemical dissolution rate at the slot bottom. However, the electrochemical dissolution rate at the 

slot entrance still increases significantly because of further electrolyte convection enhancement with 

increasing oscillation frequency. Thus, the average slot width and slope increase when the oscillation 

frequency is higher than 40 Hz. Moreover, Wang et al. found that the tool cathode is prone to vibrate 

with electrolyte scouring when the oscillation frequency is relatively high [26]. Therefore, when the 

oscillation frequency is higher than 40 Hz, the small elastic deformations of the tool cathode ribs are 
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easy to produce due to the strong disturbance of the high electrolyte flow velocity, and then the 

average slot width and slope can also be increased.  

 

3.3. Fabrication of arc-shaped slot arrays 

Fabrication of arc-shaped slot arrays was carried out by optimizing the machining parameters 

on the basis of the effect of different oscillation motions on processing stability and forming accuracy 

of the slot array electrochemical machining. The peak voltage was set to 8 V, the oscillation frequency 

was set to 30 Hz, the amplitude was set to 0.3 mm, and the continuous feed rate was set to 0.25 

mm/min. As shown in Fig. 13, arc-shaped slot arrays are fabricated in the inner and outer rings of the 

rotary workpieces, and the machining processes are all relatively stable. Moreover, the slot width at the 

entrance can be controlled within the range of 0.244±0.01 mm, the slot slope can be controlled in the 

range of 0.045 to 0.052, and the arc radius of the slot array can be controlled within the range of R 2.45 

mm to R 2.55 mm. Altogether, the shape and dimensions of the arc-shaped slot array are highly 

accurate. 

 

 
 

Figure 13. Fabrication of arc-shaped slot arrays with optimized parameters (A=0.3 mm, f=30 Hz) 

 

 

 

4. CONCLUSIONS 

This paper focuses on the electrochemical machining of arc-shaped slot arrays. The influences 

of electrolyte flow pattern and pressure on the flow field distribution in a closed flow channel were 

studied with CFD simulation. Moreover, contrast experiments of continuous-feed electrochemical 

machining mode and low-frequency oscillation assisted electrochemical machining mode were carried 

out. Several conclusions are reached through this research: 

(1) Compared with electrolyte forward flow, there were no negative pressure and pressure 

alternating regions in the inter-electrode gap by adopting the electrolyte reverse flow pattern, and the 
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fluctuation of electrolyte flow velocity was relatively stable. Increasing electrolyte inlet pressure and 

reducing the outlet pressure increased the electrolyte flow velocity in the machining region, but it was 

still difficult to change. 

(2) Compared with continuous-feed electrochemical machining mode, low-frequency 

oscillation assisted electrochemical machining mode significantly improved the stability of arc-shaped 

slot array electrochemical machining. The processing stability frequency generally increased with the 

increment of oscillation frequency when the amplitude was fixed, and the processing stability 

frequency increased at first and then decreased with the increment of amplitude when the oscillation 

frequency was fixed. Furthermore, processing stability was relatively stable when the amplitude was 

0.3 mm and the oscillation frequency was in the range of 30 Hz to 50 Hz. 

(3) The average slot width and slope generally decreased with increasing amplitude and 

oscillation frequency, and the uniformity of slot width increased at each detection position. However, 

the average slot width and slope increased when the oscillation frequency was overly high. 
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