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A B S T R A C T

Introduction. When manufacturing critical parts from high-strength and difficult-to-process steels in various 
industries, the final quality is usually formed during finishing operations. The efficiency of the process is significantly 
higher when using combined, hybrid methods of influencing the surface being processed. When processing some 
complex-shaped parts, more attention in finishing operations is usually paid to reducing roughness while maintaining 
previously achieved dimensional accuracy indicators. For this purpose, abrasive tools on a rigid base are often used, 
placing it in a less rigid technological system. To increase the efficiency of the process, it is necessary to establish 
optimal modes of mechanical and electrochemical processing of parts. In the absence of the possibility of using 
industrial equipment for hybrid technologies at the initial stage, taking into account the need to modernize existing 
technological equipment for the implementation of the electrochemical grinding process, it is advisable to study 
this process by simulating it on simulator devices. The purpose of the work is to develop a device for studying 
and simulating the process of electrochemical grinding of conductive parts with abrasive heads on a metal bond. 
Research methodology. To simulate the process of electrochemical grinding of conductive parts using abrasive 
heads on a metal bond, we have developed a special device. It allows for the basing of the workpiece and the 
tool, implementation the electrochemical grinding process, its kinematic and electrical conditions: main motion, 
linear displacement of working bodies, mechanical and electrical modes, ensuring the necessary conditions for the 
implementation of the technology, and implementing a control system. Results and discussion. To determine the 
influence of mechanical cutting modes on the roughness of the machined surface of a part made of corrosion-resistant 
steel 0.12 C-18Cr-10 Ni-Ti, empirical studies were carried out on the designed device. Planning and processing of 
experimental results were carried out using standard methodology for preparing and conducting a full factorial 
experiment. The resulting model makes it possible to determine rational mechanical cutting conditions and evaluate 
its influence on the quality of the surface being processed.
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Introduction

When manufacturing critical parts from high-strength and hard-to-machine steels in various industries, 
the final quality is typically achieved during finishing operations. These parts often operate under specific 
operating conditions. Consequently, they are made of hard-to-machine, corrosion-resistant, and heat-
resistant steels and alloys based on titanium and nickel. If there is a requirement to minimize the mass of 
products, many parts are thin-walled and have a complex profile.
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At the final stage of the technological process of machining, it is necessary to minimize the force and 
heat generation in the contact zone between the workpiece and the abrasive tool in order to achieve the 
required quality of the processed surfaces.

Such requirements impose restrictions on the choice of finishing methods and conditions. Process 
efficiency is significantly increased when using combined, or hybrid, methods to affect the surface being 
processed [1-19].

When machining complex shaped parts, increased attention is given to finishing operations, particularly 
to reducing roughness while maintaining previously achieved dimensional accuracy indicators. For this 
purpose, rigid-base abrasive tools (abrasive heads on a metal bond) are often used and integrated into a less 
rigid technological system are often used, and integrated into a less rigid technological system.

The tool can be edited electrochemically, continuously with the use of an additional electrical circuit or 
intermittently without its use. Feed alternating with a certain interval of reverse polarity current pulses is 
made directly to the operating circuit. To increase the efficiency of the process, it is necessary to establish 
optimal modes of mechanical and electrochemical processing of parts [20-27]. If there is no possibility to 
use industrial equipment for hybrid technologies at the initial stage, and considering the need to modernize 
existing technological equipment for performing the electrochemical grinding process, it is advisable to 
study this process by modelling it on simulators [28-31].

The aim of the work is to develop a device to study and simulate the process of electrochemical grinding 
of conductive parts with abrasive heads on a metal bond.

To achieve this goal, the following tasks were formulated:
1) to identify, based on modeling, the operating parameters of the system under study and the applicability 

of the device for studying the roughness of processed parts in the process of electrochemical grinding with 
abrasive heads on a metal bond.

2) to conduct empirical studies of the roughness of the processed surfaces depending on the modes of 
electrochemical grinding.

3) to substantiate the possibility of using the developed device to study the process of electrochemical 
grinding of conductive parts with abrasive heads on a metal bond.

Methods

To simulate the process of electrochemical grinding of conductive parts with abrasive heads on a metal 
bond, a special device was developed. The block diagram of this device is shown in Fig. 1.

The proposed device allows positioning the workpiece and tool, implement the process of electrochemical 
grinding, its kinematic and electrical conditions: the primary motion, linear motion of working elements, 
mechanical and electrical modes, provide the necessary conditions for the implementation of the technology 
(electrolyte and its supply to the processing zone), and implement a control system.

To determine the model of the engraver that gives the rotary motion of the abrasive head and the drive 
for linear motion of the abrasive head, the cutting forces and cutting power were calculated. The abrasive 
grinding modes were selected in accordance with the modes used in the study of hybrid technology for 
electrochemical processing of 0.12C-18Cr-10Ni-Ti stainless steel with a diamond cylindrical head with a 
working part diameter of 3 mm and a shank diameter of 2 mm. Cutting speed ranged from 4.7 m/s to 6.05 
m/s, cutting depth from 0.04 mm to 0.06 mm, longitudinal feed rate from 230 mm/min to 250 mm/min [32]. 
As a result, the maximum cutting power values of 0.128 kW were obtained. Tool deformation calculations 
were performed additionally using the ANSYS software. The model with boundary conditions for the study 
is shown in Fig. 2.

Table 1 shows the calculation examples. The tool deformation ranged from 0.14 to 0.23 mm.
Fig. 3 shows a general view of the linear drive of the working body. It serves to provide a longitudinal 

feed of the tool and consists of a DC motor, a screw-nut transmission, and a slider.
Table 2 shows the technical characteristics of the linear drive.
The Zubr ZG-160EK engraver is used to give the main cutting motion to the abrasive head.
Technical characteristics of the engraver Zubr ZG-160EK are given in Table 3.
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Fig. 1. Structural diagram of the device for simulating the electrochemical grinding process:
1 – device housing; 2 – collet mechanism of the engraver; 3 – abrasive head; 4 – part holding device; 5 – container 
for electrolyte; 6 – engraver; 7 – engraver stand; 8 – DC source; 9 – container for electrolyte; 10 – time relay;  
11 – thermometer, 12 – surge protector; 13 – terminal block; 14 – filter electrical network; 15 – engraver electrical 
network; 16 – electric heater electrical network; 17 – linear motion drive motor electrical network; 18 – DC source 
electrical network; 19 – time relay electrical network; 20 – electrical network for supplying current to the part;  
21 – DC source electrical network for a time relay; 22 – electrical network for supplying current to the abrasive 
head; 23 – electrical network for connecting a DC source to a time relay; 24 – electric pump; 25 – electrolyte 

supply line; 26 – flexible engraver shaft

Fig. 2. Tool deformation model with boundary  
conditions for analysis
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T a b l e  1
Tool deformation calculation results

Cutting modes Tool deformation, 
mm Shear stress, MPa

V = 4.7 m s-1,
t = 0.04 mm,

S = 230 mm/min
0.148 59.551

V = 6.05 m s-1,
t = 0.06 mm,

S = 250 mm/min
0.230 92.426

Fig. 3. Linear drive: C = 700 mm, A = 160 mm, S = 500 mm

T a b l e  2

Linear drive specifications

Name Meaning

Input voltage, V 12

Load capacity, N 1,500

Minimum slider travel speed, mm s−1 4

Maximum slider travel speed, mm s−1 36

Stroke motion, mm 500
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T a b l e  3

Engraver Specifications

Name Meaning

Supply voltage, V 220

Frequency, Hz 50

Power consumption, W 160

Rotation speed, rpm 15,000-35,000

Collet diameter, mm 2.4; 3.2

Weight, kg 2.1

For mounting the abrasive head, a collet chuck, modified for combined processing, is used. Special 
equipment is used to mount the processed sample; this equipment allows for cross-feed of the sample. The 
working area of the installation is shown in Fig. 4.

Fig. 4. External view of the working area of the installation:
1 – upgraded collet chuck; 2 – electrolyte feed tube; 3 – sample 
being processed; 4 – sample basing and feed equipment; 5 – 

abrasive head

The cartridge is isolated from the engraver and mounted on the slider of the feed motion drive. A flexible 
shaft transmits the primary motion from the engraver to the chuck. Specially designed tooling, isolated from 
the main body of the device, is used to position the processed experimental sample and enable transverse 
feed (cutting depth t). The device used to study and simulate the electrochemical grinding process is shown 
in Fig. 5.

Results and Discussion

Empirical studies were conducted using the designed device to determine the effect of mechanical 
cutting modes on the surface roughness of a part sample made of corrosion-resistant 0.12C-18Cr-10Ni-Ti 
steel. Electrical modes and experimental conditions for studying the electrochemical grinding process were 
selected based on prior experiments [32]. These included a voltage of 12 V at the process current source, a 
n etching current density of 1.5 A/cm², and a water-based electrolyte (NaNO₃ – 3 %, NaNO₂ – 1 %,  
Na₂CO₃ – 0.5 %).
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Fig. 5. External view of the device for studying and simulating the electrochemical grinding 
process:

1 – current source for electrochemical process; 2 – engraver; 3 – linear drive; 4 – electrolyte 
container; 5 – sample basing and feeding equipment; 6 – upgraded collet chuck; 7 – time relay; 

8 – current source for linear drive electric motor

T a b l e  4
Initial data for planning and processing experimental results

Factors

Levels
Variation 
intervalUpper

Xi = +1
Primary (Zero)

Xi = 0
Lower
Xi = −1

X1 – cutting depth, t (mm) 0.06 0.05 0.04 0.01

X2 – feed rate, S (mm/min) 250 240 230 10

X3 – cutting speed, V (m/s) 6 5 4 1

The planning and processing of experimental results were performed using the standard methodology 
for preparing and conducting a full factorial experiment. The initial data for planning and processing 
experimental results are presented in Table 4.

The regression equation obtained from the analysis of experimental data reflects the dependence of 
surface roughness on mechanical processing modes and is expressed as follows: 

2.67 106.17 0.43 19,55 0.013 0.004 0.94 0.08 .t tS tV S SV V tSV= − + − − + − + +Ra

The resulting model enables the determination of optimal mechanical cutting conditions and the 
assessment of their impact on the quality of the machined surface. Specific cases of the system response 
surfaces with constant cutting parameters at the zero level of variation are shown in Figs. 6–8.

The obtained model and response surfaces enable the prediction of surface roughness variation depending 
on grinding modes and represent an empirical model of the system under consideration.
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Fig. 6. Graphs of the influence of feed rate and depth 
of cut on the surface roughness Ra of the machined 

0.12C-18Cr-10Ni-Ti steel at V = 5 m/sec

Fig. 7. Graphs of the influence of cutting speed and 
depth of cut on the surface roughness Ra of the machined 

0.12C-18Cr-10Ni-Ti steel at S = 240 mm/min

Fig. 8. Graphs of the influence of cutting speed and 
feed rate on the surface roughness Ra of the machined 

0.12C-18Cr-10Ni-Ti steel at t = 0.05 mm

Conclusions

1. Calculations have established that when modeling the machining of 0.12C-18Cr-10Ni-Ti stainless 
steel parts with a diameter of 10 mm using a diamond cylindrical head with a 3 mm working diameter, 
the maximum cutting power reached 0.128 kW, and the maximum tool deformation was 0.23 mm, with 
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the cutting speed varying from 4.7 m/s to 6.05 m/s, the cutting depth from 0.04 mm to 0.06 mm, and the 
longitudinal feed rate from 230 mm/min to 250 mm/min. Therefore, the developed device is suitable for 
investigating the relationship between the quality indicators of the machined surface and the cutting modes. 
To further investigate machining accuracy, the system rigidity should be increased.

2. Studies of the electrochemical grinding process of 0.12C-18Cr-10Ni-Ti stainless steel parts with a 
diameter of 10 mm, conducted using the developed device with a diamond cylindrical head with a 3 mm 
working diameter under the specified cutting parameters, have enabled the construction of an empirical 
model that predicts surface roughness variation as a function of electrochemical grinding modes.

3. Theoretical calculations and practical experiments have confirmed that the developed device is 
applicable for studying and modeling the electrochemical grinding of conductive parts using abrasive heads 
on a metallic bond.
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