
Material and Mechanical Engineering Technology, №3, 2026 

 

149 

 

 

 

 

DOI   10.52209/2706-977X_2026_3_149                         IRSTI     55.20.17                          UDC 621.9.048.4 

  

Surface Layer Formation of a 12KH18N10T Stainless Steel Toothed Base During Wire 

Electrical Discharge Machining 
 

Kombayev K.K., Azamatov B.N., Kaliyev D.I., Mukhametbek Zh.M., Gabdyssalyk R.* 

D. Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan 

* corresponding author 

 

Abstract. Wire Electrical Discharge Machining (WEDM) is an effective manufacturing process for producing 

complex-shaped components from difficult-to-machine materials. However, the thermal effect of electrical discharges 

alters the structure and condition of the surface layer. The aim of this study was to investigate the surface layer 

formation of a 12Kh18N10T stainless steel toothed base during WEDM. Machining was performed on a DK7745 

wire EDM machine using a 0.18 mm brass wire electrode and deionized water as the dielectric medium. Two 

machining regimes with different pulse energies were investigated. Surface morphology, recast layer microstructure, 

and elemental composition were characterized using optical metallography, scanning electron microscopy (SEM), and 

energy-dispersive X-ray spectroscopy (EDS), while the mechanical state of the surface layer was evaluated by Vickers 

microhardness measurements. The results showed that increasing the pulse energy promoted the formation of a more 

developed recast layer and a more heterogeneous surface morphology without significantly changing the 

concentrations of the principal alloying elements (Fe, Cr, and Ni). In addition, an increased oxygen content and a 

slight transfer of Cu and Zn from the brass wire electrode were observed in the near-surface region. Higher 

microhardness was obtained after finish machining. The practical significance of this study lies in the substantiation 

of WEDM regimes that ensure the required dimensional accuracy and surface integrity for manufacturing toothed 

components of high-precision medical positioning mechanisms. 
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Introduction 

Modern high-precision mechanical positioning systems are widely used in instrument engineering, robotics, 

optical measurement systems, and medical equipment, where the accuracy of the relative positioning of components, 

the rigidity of the clamping, and the stability of geometric parameters directly determine the functional reliability and 

operational characteristics of the products [1–3]. These requirements are of particular importance for components of 

hinged clamping mechanisms, in which even minor deviations in shape, dimensions, or surface condition can 

significantly affect the precision of clamping, the smoothness of adjustment, and the durability of the assembly [4]. 

One such component is the toothed base of a mechanical holding system, which ensures the transmission and reliable 

locking of the angular position of the mating links. The design of the component under study is shown in Figure 1. 

 

 
 

Fig. 1 - Drawing of a toothed base made of 12KH18N10T steel, manufactured using wire-cut electrical discharge machining 



Material and Mechanical Engineering Technology, №3, 2026 

 

150 

 

 

 

 

 

The geometry of the toothed base is characterized by radially arranged teeth with a profile angle of 60°, 

operating under conditions of repeated contact interaction. The precision with which the working surfaces of the teeth 

are formed directly determines the rigidity of the mechanism’s locking, the level of contact stresses, and the uniformity 

of load distribution across the working faces, which ultimately affects the reliability and durability of the assembly 

[5]. Consequently, the manufacturing process for these components must meet stringent requirements to ensure 

geometric accuracy, minimal surface roughness, and the absence of surface-layer defects. 

Corrosion-resistant austenitic steels are widely used for manufacturing such components, with 12Х18Н10Т 

steel being particularly prevalent. This material is characterized by high corrosion resistance, a good balance of 

strength and ductility, and high operational reliability [6]. At the same time, its high ductility, intense work hardening 

(work hardening), increased toughness, and relatively low thermal conductivity result in poor machinability of 

12Х18Н10Т steel using traditional cutting methods, which is accompanied by increased cutting forces, accelerated 

tool wear, and reduced machining process stability [7, 8]. For the manufacture of details with complex geometries 

from difficult-to-machine materials, electrical discharge machining methods are finding increasingly widespread 

application; among these, wire electrical discharge machining (Wire Electrical Discharge Machining, WEDM) 

occupies a leading position due to its high shaping accuracy, the absence of mechanical contact with the workpiece, 

and the ability to machine electrically conductive materials regardless of their hardness [9–11]. Wire electrical 

discharge machining is based on the localized removal of material resulting from a sequence of electrical discharges 

between a wire electrode and the workpiece, both of which are immersed in a dielectric medium [12]. The absence of 

mechanical contact between the tool and the workpiece surface makes it possible to produce details with complex 

contours and high precision, regardless of the material’s hardness and strength characteristics [13]. Thanks to these 

advantages, WEDM technology is widely used in the manufacture of critical components for mechanical engineering, 

aviation, power generation equipment, instrumentation, and various high-precision mechanical systems [14, 15]. 

Despite the high precision of the shaping process, WEDM is accompanied by intense localized heat exposure. 

The temperature in the electrical discharge zone can reach 8,000–12,000 °C, which leads to the melting and partial 

vaporization of the workpiece material [16]. The subsequent ultra-rapid cooling of the molten metal causes the 

formation of a characteristic remelted (“white”) layer, whose structure differs significantly from that of the base metal 

[17]. This layer may contain products of recrystallization, micropores, microcracks, residual stresses, and inclusions 

of material from the electrode tool [18, 19]. The thickness and microstructural state of the remelted layer have a 

significant impact on the fatigue strength, wear resistance, and service life of parts, therefore, in the current literature, 

the condition of the surface layer is considered one of the most important criteria for the quality of electrical discharge 

machining, along with process productivity, surface roughness, and shaping accuracy [20–22]. 

Numerous studies on the electrical discharge machining of stainless steels, titanium, and nickel alloys have 

shown that electrical discharge parameters have a decisive influence on the thickness of the remelted layer, surface 

roughness, the magnitude of residual stresses, and the microhardness of the surface layers [23–25]. For austenitic 

steels, additional processes involving the diffusion of elements from the brass wire (Cu and Zn) into the workpiece’s 

surface layer have been observed, leading to local changes in chemical composition and the formation of secondary 

structural components [26, 27]. 

Of particular interest are studies of the microstructure of the surface layer after WEDM using optical 

metallography, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), and EBSD 

analysis [28–30]. The results indicate that the thickness of the white layer can vary from a few to several tens of 

micrometers depending on the energy parameters of the process, and the resulting structure is characterized by high 

dispersion and significant differences from the material’s original austenitic structure due to extremely high heating 

and cooling rates [31,35]. 

However, most published studies focus on heat-resistant nickel alloys such as Inconel 718, titanium alloys, and 

stainless steels such as AISI 304 and AISI 316 [32–34]. At the same time, the formation of the surface layer following 

wire-cut electrical discharge machining (EDM) of parts made of 12Х18Н10Т steel—used in the manufacture of high-

precision components for clamping and positioning mechanisms—has not been studied in sufficient detail. The 

analysis of the surface layer condition of gear elements is of particular scientific and practical interest, since it is the 

working surfaces of the teeth that bear the main contact loads and largely determine the operational characteristics of 

the mechanism. 

In this regard, the objective of this study is to investigate the characteristics of the formation of the surface 

layer of a 12Х18Н10Т steel gear base following wire-cut electrical discharge machining. To achieve this objective, 

an analysis of the geometric characteristics of the cut was performed; the surface morphology and microstructure of 

the remelted layer were investigated using optical and scanning electron microscopy; the thickness of the heat-affected 

zone was determined and changes in microhardness in the near-surface region were evaluated. 

 

Materials and methods 

The research was conducted at the “Smart Engineering” Competence Center of the D. Serikbayev East 

Kazakhstan Technical University. The subject of the study was the toothed base of a high-precision mechanical 
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positioning system, manufactured from a 24.5-mm-thick sheet blank of corrosion-resistant austenitic steel 

12KH18H10T (Table 1). The toothed profile of the part was formed using wire-cut electrical discharge machining. 

The chemical composition of the steel under study complied with the requirements of GOST 5632–2014 and 

is presented in Table 1. 

 
Table 1 - Chemical composition of 12Kh18N10T stainless steel according to GOST 5632–2014 

Element C Cr Ni Ti Mn Si P S Fe 

Content, % ≤0,12 17,0–19,0 9,0–11,0 0,4–1,0 ≤2,0 ≤0,8 ≤0,035 ≤0,020 Base 

 

Wire-cut electrical discharge machining was performed on a DK7745 machine (Suzhou Sanguang Science & 

Technology Co., Ltd., China) equipped with numerical control. A brass wire with a diameter of 0.18 mm was used as 

the electrode. The wire was fed continuously at a speed of 6–9 m/min. Deionized water with a specific electrical 

resistance of at least 50 kΩ·cm was used as the dielectric medium. The dielectric was fed into the interelectrode gap 

through upper and lower nozzles at a pressure of 0.5–0.8 MPa. The temperature of the working fluid was maintained 

at no higher than 25 °C. 

To evaluate the influence of the process’s energy parameters on the formation of the surface layer of 

12X18H10T steel, two modes of wire-cut electrical discharge machining were used: finishing and intensive. The main 

parameters of these modes are presented in Table 2. 

 
Table 2 - Wire Electrical Discharge Machining conditions 

Parameter Finish-cutting regime High-energy regime 

Wire diameter, mm 0,18 0,18 

Wire feed speed, m/min 6 9 

Dielectric medium Deionized water Deionized water 

Dielectric electrical resistivity, kΩ·cm ≥50 ≥50 

Dielectric flushing pressure, MPa 0,5–0,8 0,5–0,8 

Discharge energy per pulse, μJ 780 3600 

 

The difference in single-pulse energy between the modes under study (780 and 3,600 μJ) resulted in different 

levels of thermal effects on the material in the electrical discharge machining zone, which made it possible to 

investigate the effect of energy input on the formation of the surface layer of 12X18H10T steel. 

For metallographic studies following wire-cut electrical discharge machining, metallographic sections 

measuring 5 × 10 × 20 mm were prepared from representative areas of the machined specimens. The specimens were 

prepared according to a standard metallographic procedure, which included sequential grinding with abrasive 

materials of varying grit sizes, followed by mechanical polishing to a mirror finish on a LaboPol-5 automatic grinding 

and polishing machine (Struers, Denmark). To reveal the microstructure, the specimens were chemically etched with 

a 5% aqueous solution of nitric acid (HNO₃). 

The microstructure was examined using optical metallography on an Olympus BX51 microscope (Olympus 

Corporation, Japan). The morphology of the cut surface, the structure of the recast layer, the nature of the interface 

between the recast layer and the base metal, and the presence of surface defects were examined using scanning electron 

microscopy on a JSM-6390LV microscope (JEOL Ltd., Japan), equipped with an INCA Energy Penta FET X3 energy-

dispersive X-ray microanalysis system (Oxford Instruments Analytical Ltd., United Kingdom). 

The elemental composition was determined using energy-dispersive X-ray spectroscopy at three representative 

points on each sample: two points in the remelted surface layer and one control point in the base metal, which allowed 

for an assessment of the possible redistribution of chemical elements following electrical discharge machining. 

The microhardness of the surface layer was determined using the Vickers method on a DuraScan-20 

microhardness tester (EMCO-TEST Prüfmaschinen GmbH, Austria). Measurements were taken perpendicular to the 

treated surface, from the remelted layer into the base metal. For each processing mode, a series of measurements was 

conducted; based on the results, microhardness distribution profiles were plotted, and the influence of WEDM energy 

parameters on the mechanical state of the surface layer was evaluated. 

 

Results and discussion 

Following wire-cut electrical discharge machining of the teeth of a gear blank with a 60° profile angle, the 

microstructure of the surface layer was examined using optical metallography. The microstructure of the working 

surfaces formed under various machining modes is shown in Figure 2. The studies were conducted for two WEDM 

modes, the parameters of which are given in Table 2. Figure 2a shows the surface after the finishing mode, and Figure 

2b shows the surface after the intensive mode. 

Analysis of the metallographic images shows that in both cases, the base metal retains the austenitic 

polycrystalline structure characteristic of 12X18H10T steel, with clearly defined grain boundaries. In the near-surface 

zone, a layer is observed that was formed as a result of local melting and subsequent crystallization of the material 
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under the action of electrical discharges. This layer differs from the base metal in its increased contrast and thickness, 

which varies along the length of the surface. 

 
 

Fig. 2 - Microstructure of the surface layer of 12KH18N10T steel after wire-cut electrical discharge machining: a — fine machining 
mode; b — intensive machining mode. 

 

In the finishing mode (Figure 2a), the remelted layer has a relatively small thickness and a more uniform 

morphology. The boundary between the surface layer and the base metal is quite clearly defined, and no pronounced 

structural changes detectable by optical metallography were observed in the adjacent zone. This pattern corresponds 

to a lower energy input into the material when using a mode with a reduced single-pulse energy. 

Under intensive processing conditions (Figure 2b), an increase in the energy of a single pulse to 3,600 μJ (Table 

2) is accompanied by an intensification of the local thermal effect, which leads to the formation of a more developed 

remelted layer with greater thickness nonuniformity. In certain areas, a more pronounced heat-affected zone is 

observed, which is consistent with the known characteristics of the WEDM process as discharge energy increases. 

The results obtained indicate that an increase in energy input promotes the development of local melting and 

subsequent crystallization of the material, significantly influencing the morphology of the surface layer. 

To investigate in greater detail the characteristics of surface layer formation following wire-cut electrical 

discharge machining, a scanning electron microscopy analysis of the cut surface was performed. The resulting 

micrographs are shown in Figure 3. Figure 3a shows the surface morphology of a tooth formed during the finishing 

mode, while Figure 3b shows that formed during the intensive mode. 

The SEM analysis showed that, regardless of the machining mode, the tooth profile with a 60° angle was 

formed without any visible distortions in the geometry of the working faces. Material continuity is maintained across 

the entire examined surface, with no macrocracks, large pores, or signs of delamination detected. The results indicate 

that the selected WEDM modes ensure the formation of a surface free of pronounced macroscopic defects arising 

from the localized thermal effects of electrical discharges. 

In the finishing mode (Figure 3a), the surface is characterized by a relatively uniform morphology. The micro-

relief is formed uniformly along the entire length of the tooth’s working edge, and the dimensions and distribution of 

surface irregularities do not exhibit significant local variability. These characteristics are consistent with the lower 

energy of a single pulse (780 μJ), which reduces the amount of thermal energy introduced into the material during 

each electrical discharge, thereby limiting the intensity of local melting and promoting the formation of a more uniform 

surface. 

Under an intensive processing regime (Figure 3b), a significant change in surface morphology is observed. The 

microtopography becomes more developed and heterogeneous, the variability in the dimensions of surface 

irregularities increases, and individual surface areas are characterized by a more complex configuration. This 

morphology is consistent with an increase in the energy of a single pulse to 3,600 μJ, at which the thermal energy 

released in the discharge zone increases. This leads to an increase in the volume of material subjected to localized 

melting and its subsequent high-speed solidification, which is a characteristic feature of the surface formation 

mechanism in wire-cut electrical discharge machining. 

It should be noted that, despite a 4.6-fold difference in the energy of a single pulse, in both cases the surface 

retains a continuous structure without signs of macroscopic damage. Thus, the main effect of the parameter under 

study manifests not in the formation of critical defects, but in changes in surface morphology, the degree of micro-

relief development, and the spatial heterogeneity of the surface layer. 

To assess possible changes in the chemical composition of the surface layer, energy-dispersive X-ray 

microanalysis was performed at three representative points. Points Spectrum 1 and Spectrum 2 were located 

immediately near the cut surface on the working edges of the teeth, where the material was subjected to the most 

intense electrical discharges. Spectrum 3 was located within the base metal, outside the zone of direct thermal 

exposure, and served as a control area. This arrangement of measurement points allowed us to compare the elemental 



Material and Mechanical Engineering Technology, №3, 2026 

 

153 

 

 

 

 

composition of the surface layer with that of the base metal and to assess possible changes in the concentration of 

alloying elements resulting from the WEDM process. 

 
 

Fig. 3 - SEM images of the surface of teeth made of 12X18H10T steel after wire-cut electrical discharge machining (EDM), showing 
the energy-dispersive X-ray microanalysis (EDS) points: a — finishing mode; b — intensive mode 

 

The results of energy-dispersive X-ray microanalysis of the surface layer of 12X18H10T steel after fine-finish 

electrical discharge machining are presented in Table 3. Analysis of the data shows that at all points examined, the 

main elements remain Fe, Cr, and Ni, with a total content of approximately 93–94 wt.%, indicating that the chemical 

composition of the austenitic stainless steel is preserved after WEDM. The Fe content varies between 66.70–67.22 

wt.%, Cr between 17.15–17.63 wt.%, and Ni between 9.34–9.71 wt.%. When comparing the surface areas (Spectrum 

1 and Spectrum 2) with the control area (Spectrum 3), no significant redistribution of the main alloying elements is 

observed. At the same time, the oxygen content at the surface points is 0.74–0.95 wt.%, whereas at the control point 

it decreases to 0.69 wt.%. This distribution indicates that oxygen is predominantly localized in the near-surface zone 

of the remelted layer. Furthermore, Spectrum 1 and Spectrum 2 contain small amounts of copper (0.52–0.56 wt.%) 

and zinc (0.48–0.51 wt.%), whereas in Spectrum 3, their contents decrease to 0.03 and 0.07 wt.%, respectively, 

indicating the localized nature of mass transfer from the brass wire electrode material. 

 
Table 3 - Results of EDS analysis of localized areas of the surface layer of 12Х18Н10Т steel after wire electrical discharge machining 

(WEDM) in the finishing mode 

Spectrum (а) Ti O Si Cr Mn Fe Ni Mo Cu Zn Total 

Spectrum 1 0.91 0.95 0.59 17.15 1.56 66.95 9.53 1.32 0.56 0.48 100.00 

Spectrum 2 0.98 0.74 0.58 17.43 1.39 67.22 9.34 1.29 0.52 0.51 100.00 

Spectrum 3 1.1 0.69 0.58 17.63 1.44 66.70 9.71 2.05 0.03 0.07 100.00 

 

The results of the EDS analysis following intensive treatment are presented in Table 4. As in the previous case, 

the chemical composition of the surface layer is dominated by iron, chromium, and nickel. The concentration of Fe 

ranges from 66.27 to 66.97 wt.%, Cr from 17.21 to 17.34 wt.%, and Ni from 9.42 to 9.69 wt.%, which practically 

corresponds to the values obtained during the finishing treatment. At the same time, the oxygen content in the surface 

regions increases to 1.04–1.08 wt.%, whereas at the control point it is only 0.55 wt.%. At the same time, copper (0.61–

0.64 wt.%) and zinc (0.52–0.54 wt.%) remain present in the surface regions, whereas in Spectrum 3 their 

concentrations decrease to 0.08 and 0.06 wt.%, respectively. This distribution of elements indicates that the processes 

of oxidation and mass transfer of the electrode material are predominantly confined to the surface region of the 

remelted layer. 

A comparison of the results presented in Tables 3 and 4 shows that an increase in single-pulse energy has 

virtually no effect on the content of the main components of 12X18H10T steel. The maximum differences between 

the treatment modes do not exceed 0.95 wt.% for iron, 0.48 wt.% for chromium, and 0.37 wt.% for nickel, which falls 

within the range of local heterogeneity of the remelted layer and does not indicate a selective redistribution of alloying 

elements. The most noticeable changes are observed for oxygen: while its content in the surface regions is 0.74–0.95 

wt.% under the finishing treatment (Table 3), it increases to 1.04–1.08 wt.% under the intensive treatment (Table 4). 

At the same time, at the control points (Spectrum 3), the oxygen content remains significantly lower—0.69 and 0.55 

wt.%, respectively. 

 
Table 4.Results of EDS analysis of localized areas of the surface layer of 12Х18Н10Т steel after wire electrical discharge machining 

(WEDM) in high-intensity mode 

Spectrum (b) Ti O Si Cr Mn Fe Ni Mo Cu Zn Total 

Spectrum 1 1.04 1.04 0.58 17.30 1.41 66.97 9.47 1.05 0.61 0.54 100.00 

Spectrum 2 1.1 1.08 0.65 17.34 1.67 66.27 9.42 1.32 0.64 0.52 100.00 

Spectrum 3 1.12 0.55 0.62 17.21 1.73 66.67 9.69 2.27 0.08 0.06 100.00 
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The results suggest that oxygen is concentrated primarily in the near-surface region of the remelted layer, while 

its concentration decreases with increasing depth. This pattern is consistent with the WEDM mechanism, in which 

molten metal interacts with the aqueous dielectric medium and its decomposition products during crystallization. 

Consequently, the elevated oxygen content at the surface points Spectrum 1 and Spectrum 2 can be regarded as indirect 

evidence of local surface oxidation, whereas the significantly lower oxygen concentration in Spectrum 3 indicates a 

substantially lower degree of oxidation of the material beneath the remelted layer. At the same time, the virtually 

unchanged content of Fe, Cr, and Ni indicates the absence of any noticeable redistribution of the main alloying 

elements. 

A comprehensive analysis of the microstructure, surface morphology, and EDS results showed that the 

investigated WEDM modes enable the formation of a serrated profile from 12X18H10T steel without a significant 

change in the chemical composition of the surface layer. An increase in single-pulse energy primarily affects the 

morphology and structural state of the remelted layer and is accompanied by increased surface oxidation, whereas the 

content of the main alloying elements remains virtually unchanged. 

The practical feasibility of the developed manufacturing process has been confirmed by the production of a 

gear base for a surgical holder (Figure 4). 

 

 
 

Fig. 4 – Practical application of WEDM technology in the manufacture of the toothed base of a surgical holder: (a) general view of the 
product; (b) profile of the toothed ring 

 

Figure 4a shows a general view of the gear blank after WEDM machining, and Figure 4b shows the profile of 

the gear ring. Visual inspection confirms the formation of a complete tooth profile with a 60° angle, as well as the 

absence of uncut sections, chips, and other macroscopic defects, which indicates high precision in shaping and 

confirms the feasibility of using the developed WEDM mode in the manufacture of gear elements for medical 

mechanisms. 

To assess the effect of WEDM modes on the mechanical properties of the surface layer, Vickers microhardness 

measurements were performed. The results are presented in Figure 5 as the distribution of microhardness along the 

examined surface section for the finishing and intensive processing modes. As shown in Figure 5, after the finishing 

treatment mode, the microhardness of the surface layer ranges from 195 to 200 HV, whereas after the intensive 

treatment mode, it ranges from 182 to 189 HV. The results indicate a higher and more stable surface microhardness 

achieved with the finishing treatment mode. This pattern is consistent with the results of metallographic studies and 

scanning electron microscopy, according to which an increase in single-pulse energy is accompanied by the formation 

of a more developed remelted zone with coarser structural morphology (Figures 2 and 3). It is likely that the increase 

in the volume of molten metal and the change in its crystallization conditions during the intensive mode contribute to 

the formation of larger structural components in the remelted layer, which may lead to a slight decrease in 

microhardness. 

At the same time, the results of EDS analysis showed that the content of the main alloying elements (Fe, Cr, 

and Ni) remains virtually unchanged during the transition from the finishing to the intensive mode. This suggests that 

the differences in microhardness are primarily due to changes in the structural state of the remelted layer, rather than 

changes in the chemical composition of the material. 
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Fig. 5 - Distribution of the microhardness of the surface layer of 12X18H10T steel along the tested section after wire-cut electrical 
discharge machining in the finishing and intensive modes 

 

Figure 6 illustrates the practical implementation of the developed manufacturing process, showing an 

assembled surgical holder with a toothed base manufactured using wire-cut electrical discharge machining. The 

resulting toothed joint ensures the complete formation of the working profile of the teeth and the correct meshing of 

the mechanism’s components, confirming the feasibility of manufacturing functional parts for medical instruments 

with complex geometries using the developed WEDM parameters.  

 

 
 

Fig. 6 - Practical implementation of the developed manufacturing process: an assembled surgical holder with a toothed base 
manufactured using the WEDM method 

 

The combined results of metallographic examinations, scanning electron microscopy, energy-dispersive 

analysis, and microhardness measurements indicate that the selected processing parameters ensure the required 

forming accuracy while preserving the chemical composition of the surface layer and allowing for a controlled change 

in its microstructure. The results obtained confirm the potential of WEDM technology for the manufacture of high-

precision gear elements for medical mechanisms, which have stringent requirements for surface quality and geometric 

accuracy. 

 

Conclusion 
The study shows that increasing the energy of a single pulse during wire-cut electrical discharge machining of 

12Х18Н10Т steel from 780 to 3,600 μJ intensifies the thermal effect on the material, leading to the formation of a 
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more developed and heterogeneous remelted layer, an increase in the heat-affected zone, and a more complex surface 

morphology. 

It has been shown that increasing the machining energy has virtually no effect on the content of the main 

alloying elements in the surface layer: the Fe concentration is 66.27–67.22 wt.%, Cr—17.15–17.63 wt.%, and Ni—

9.34–9.71 wt.%. At the same time, the remelted layer exhibits localized mass transfer of material from the brass wire, 

with a Cu content of up to 0.64 wt.%, Zn up to 0.54 wt.%, and the oxygen content increases to 1.08 wt.%, indicating 

the development of surface oxidation processes in the EDM-affected zone.  

It has been established that the most favorable mechanical properties of the surface layer are achieved during 

the finishing machining mode. The surface microhardness is 195–200 HV, which is 7–9 HV higher than that achieved 

in the intensive mode (182–189 HV). The decrease in microhardness with increasing pulse energy is associated with 

the formation of a more developed remelted layer and changes in its crystallization conditions.  

The developed WEDM mode enables the fabrication of a toothed base for a surgical holder made of 

12Х18Н10Т steel while preserving the geometry of the toothed profile, ensuring the absence of macroscopic surface 

defects, and maintaining stable characteristics of the surface layer, which confirms its suitability for use in the 

manufacture of high-precision components for medical mechanisms. 
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