ISSN 2078-7405 Cutting & Tools in Technological System, 2025, Edition 103

UDC 621.9.048 doi: 10.20998/2078-7405.2025.103.07
INVESTIGATION OF FUNCTIONAL SURFACE ROUGHNESS

PARAMETERS ON STEEL SURFACES MACHINED BY ELECTRO-
DISCHARGE MACHINING

Zsolt Maros 0000-0001-5029-3559 Krisztina Kun-Bodnar 0000-0003-1904-4479

University of Miskolc, 3515 Miskolc-Egyetemvaros, Hungary
zsolt.maros@uni-miskolc.hu

Received: 18 November 2025/ Revised: 26 November 2025/ Accepted: 29 November 2025 /
Published: 15 December 2025

Abstract. The surface quality produced by electrical discharge machining (EDM) nowadays allows these
surfaces to be used directly as functional surfaces—often without the need for post machining—such as
in the production of plastic moulding tools. This highlights the importance of surface quality assessment
not only through traditional amplitude parameters but also through so-called functional roughness
parameters. This paper presents the results of studies in which EDM machined tool steels were
investigated using functional surface roughness parameters. Such parameters effectively characterize the
operational behaviour and applicability of machined surfaces.
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1. Introduction

Electrical discharge machining is widely used in tool manufacturing,
particularly for producing plastic injection moulds. Fine structured surface quality
(texture or pattern) is required on steel mould plates and inserts, which strongly
influences the aesthetic quality of the moulded plastic components. The precision of
the surface texture must be reproduced depends on several factors, including the
material properties of the workpiece, the tool electrode material, the construction of
the EDM machine, and numerous technological parameters.

EDM-machined surfaces consist of overlapping, irregularly located craters,
whose formation is influenced by several parameters—voltage, current intensity,
and pulse duration. Several authors have analysed EDM surface roughness as a
function of technological parameters [1,2], but usually only in terms of traditional
amplitude parameters (Ra, Rz, Ry).

Because crater formation results from pulsed melting and vaporisation, and
because re-solidified material creates an irregular height distribution, amplitude
roughness values are less informative. Therefore, it is more appropriate to analyse

functional roughness parameters such as Rs/Rks and Rmr, Which better describe
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whether the surface is peak- or valley-dominated and to what extent it can function
as a real contact surface [3].

2. Material ratio and functional surface parameters

One of the most frequently used functional parameters is the material ratio
(Rmr).

Rmr is defined as the ratio of the material cross-sections cut at a specified
depth (p) below the surface peak level to the evaluation length (I;) (Figure 1) [4].
Given as a percentage, a higher Rnr value generally indicates more favourable
operational properties. Mathematically:
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Figure 1 — Interpretation of the material ratio (Rmr)

Skewness (Rsk) describes the asymmetry of the profile height distribution
curve about its mean line:

1 1 Ly
Rk =R—3';f0 y(x)*dx (2

where Ry is the root-mean-square roughness:

Ry = [* [yt 3)

Skewness (Rsk) indicates whether deviations are symmetric about the mean
line or dominated by peaks (positive) or valleys (negative). For Gaussian surfaces—
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where the distribution of height values is symmetric—Rs = 0. R iS negative when
the height-distribution curve extends more on the side above the mean plane, and
positive in the opposite case (Figure 2). Negative skewness values indicate that the
machined surface texture has good load-bearing capacity and is more wear-resistant.
This parameter has very important technical and practical significance for real
working surfaces.

Kurtosis (Rk) characterizes the peakiness, sharpness, and thus the
dispersion (range of dispersion) of the height distribution. Definition:

1 1

R Iy

I
Ry o y(x)*dx 4)

For the Gaussian surfaces, Ry = 3. A high Ry, value usually indicates
prominent peaks or valleys (or possibly both) (Figure 2). If R, > 3, surfaces sliding
against each other will be characterized by intense wear. If Ry, < 3, the distribution
of surface irregularities is much more favourable. In this case, the surface can be
described as having a full, plateau-like profile.
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Figure 2 — lllustration of skewness (Rsx) and kurtosis (Rku)

In the present study, the material ratio, skewness, and kurtosis parameters
were analysed on EDM-machined plastic mould tool steels.

3. Experimental conditions
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Experiments were carried out on a Neuar CNC-C50 EDM machine-tool.
Workpieces were mounted in a vise, and petroleum was used as the dielectric fluid.

Four tool steels commonly used for plastic injection moulding were
investigated. Each specimen was machined by die-sinking EDM. The chemical
composition of the steels is shown in Table 1.

The test pieces were rectangular plates (115 x 140 x 15 mm), pre-ground
and hardened for more efficient EDM. Each sample contained 5 mm depth cavities
(Figure 3), machined at different VDI grades using two electrode materials.

Table 1 — Chemical composition machined tool steels

Material C,% | Si,% | Mn, % gor Mo,% | S, % | Ni,%
40CrMnMo7 0,40 | 0,30 1,50 1,90 0,20
40CrMnMoS8-6 0,40 | 0,40 1,50 1,90 0,20 0,08
45NiCrMo16 0,48 | 0,23 0,40 1,30 0,25 4,00
C45U 0,45 | 0,30 0,70

Figure 3 — Test specimen with cavities machined by EDM using two different tools

Each specimen contained five cavities produced at different VDI grades
using two electrode types. On modern EDM machines, technological parameters
influencing machining quality and efficiency—such as discharge current, voltage,
and pulse duration—cannot be set manually; instead, the machine automatically
selects them based on the chosen VDI grade (typically ranging from VDI 0 to VDI
45) [5]. The VDI grades chosen for this study were 18, 21, 25, 29, and 36..
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To carry out the machining experiments, copper (red copper) and graphite
electrodes were used for all test piece materials. The type of copper electrodes used
was CUETP electrolytic copper and graphite of type ELOR-50-F, with a cross section
of 55 x 15 mm.

The surface roughness of the machined cavities was measured in the
laboratory of the Institute of Manufacturing Science at the University of Miskolc
using an AltiSurf 520 three-dimensional surface topography device.

4. Experimental results

From the results of the EDM experiments, conclusions can be drawn about
the effect of the set VDI grade, the different electrode materials, and the machined
steel grades on the profile roughness in terms of the operational roughness
parameters.

Figures 4 and 5 show the change in the material ratio parameter (Rm) of the
cavities made with copper and graphite electrodes at each VDI level. The material
ratio (Rmyr) is used to characterize the operating and wear properties of surfaces. The
higher the percentage Rnr Value of a given surface, the more favourable its operating
properties. During the tests, the material ratio parameter values were determined at
a depth of ¢ =10 pm.
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Figure 4 — Change in the Rmr parameter as a function of the VDI grade
for copper electrodes
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Figure 5 — Change in the Rmr parameter as a function of the VDI grade
for copper electrodes

Figures 4 and 5 show that the most favourable operating properties are achieved
at VDI grade 18 and that, as the VDI grades increase, the surface characteristics
deteriorate and the difference in the material ratio parameter between the individual
steels decreases, regardless of the tool and workpiece material. In the case of copper
electrodes, outstanding properties can be achieved at EDM 40CrMnMo7 material,
and in the case of graphite, the same can be said for C45U and 45NiCrMo16 steel.
At VDI level 18, the lowest percentage values was obtained for the 40CrMnMoS8-
6 material, which also contains sulphur alloying. At the other levels, the weaker
values vary from level to level.

In addition to the Ry material ratio parameter, the functional parameters Rq
skewness and Ry, kurtosis also have very important technical and practical
significance for real working surfaces. A topological map can be created using the
values of the R« - Ry, parameters. The topological map is a series of points plotted
on an R« - Rw plane, which gives the skewness and kurtosis parameters of the
measured roughness of the manufactured surface. The corresponding values of Ry
and Ry, for surfaces produced using different cutting technologies form groups
depending on the cutting technology (Figure 6). Surfaces produced using different
technologies have different Ry - Ry values [6,7].

101



ISSN 2078-7405 Cutting & Tools in Technological System, 2025, Edition 103
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Figure 6 — Topological map of Rs - Rk for surfaces produced
using different cutting processes [6]

To evaluate measurement results, a topological map was created from the
measured data, also marking the theoretical location of EDM technology (Figures 7
and 8).
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Figure 7 — Rs - Rku topological map for surfaces machined with copper electrodes
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Considering that the most favourable properties in terms of operation are
given by the parameter pairs Rs - Rk, parameter pairs located furthest to the left and
below, we can conclude from the measurement results that these data pairs were best
achieved on surfaces of 40CrMnMoS8-6 steel with a copper electrode and on
surfaces of 45NiCrMo16 steel with a graphite electrode.
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Figure 8 — Rsk - Rku topological map for surfaces machined with graphite electrodes

No clear result was obtained for the tool steel with the most unfavourable
properties. Examining the technological area of EDM as defined in the literature, it
can be said based on the measured values that the measurement points of the material
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Figure 9 — Variation of Rk peaking as a function of VDI grade
on 45NiCrMo16 tool steel
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grades with the most favourable properties did not necessarily fall within the
theoretically designated area. Figures 9 and 10 show the change in R and Ry, values
as a function of the set VDI grades.
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Figure 10 — Variation of Rs skewness as a function of VDI grade
on 45NiCrMo16 tool steel

It is interesting to note that the peak value decreases at higher VDI levels,
approaching the value of 3, which is considered favourable in the literature. The two
types of electrodes produce almost identical results (Figure 9). No clear conclusion
can be drawn regarding skewness, as skewness decreases with copper electrodes but
increases with graphite electrodes (Figure 10). Further investigation is needed to
explain this phenomenon.

5. Conclusions

Based on the evaluation of the experimental results, the following
conclusions can be drawn regarding the electro discharge machining (EDM) of tool
steels with copper and graphite electrodes:

. With increasing VDI grade, the material ratio (Rmr) of the roughness of the
machined surfaces clearly decreases. In the range investigated, the most
favourable values are achieved at VDI grade 18.

. The machined surfaces of the different tool steels did not show any
significant differences in terms of the material ratio (Rmr). In the case of
copper electrodes, outstanding properties can be achieved when EDM
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40CrMnMo7 material, and in the case of graphite, the same can be said for
C45U and 45NiCrMo16 steel.

. Increasing the VDI grade reduces the surface roughness kurtosis (R,) to a
favourable value of 3. In this respect, the two types of electrode materials
and the different tool steel grades did not show any significant differences.

o The change in skewness (Rs) as a function of the VDI grade is not clear. It
clearly increases when machining with a graphite electrode, while it
decreases when using a copper electrode.

. The Rs - Rk topological maps created based on the tests partially confirmed
the ranges described in the literature as characteristic of electro discharge
machining. From this point of view, the most favourable data pairs were
achieved on the surfaces of 40CrMnMoS8-6 steel with a copper electrode
and 45NiCrMo16 steel with a graphite electrode

Our results prove that changes in VDI grades significantly determine the so-
called functional parameters of the roughness of machined surfaces. It has become
clear that it is not possible to accurately describe the nature of a surface using a single
parameter, so it is necessary to use these functional parameters and their
combinations (topographic maps). Further studies are needed to clearly determine
the effect of VDI grades.
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Kont Mapom, Kpicrina Kyn-bBognap, Mimkoinsr, Yropuimaa

JOCJIIKEHHS TAPAMETPIB ®YHKIIOHAJIBHOI IIOPCTKOCTI
MOBEPXHI CTAJIEBAX BUPOBIB, IICJISI EJTEKTPOPO3PSTHOI
OBPOBKH

AHoTauis. AKkicmb no8epxHi, ompumMaHa eneKmpuyHolo pospsodHor o6pobkoro (EDM), cbocooHi
003607151€ BUKOPUCTNOBYSAMU Ui NOGEPXHI 6e3nocepeOnbo AK (QYHKYIOHANbHI noeepxui — wacmo 0Oe3
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nompebu y nocmoopobyi — Hanpukiao, y GUPOOHUYMEI NIACMUKOBUX THCMPYMEHMIE Ol (hOPMYBAHHSL.
Lle nioxkpecuoe 6axciugicmv OYIHKU SKOCHI NOBEPXHI He Juule 3d MpaouyiiiHUMU Rapamempami
amnaimyou, a U uepe3 mMAaK 36aHi napamempu @OYHKYioHaibHoi wopcmkocmi. Y i cmammi
npeocmasieHo pesyibmanmu 00caiodcens, y akux EDM-o06pobaeni incmpymenmanvui cmani suguanucs 3
BUKOPUCIAHHAM NApaAMempie pyHKYioHanbHoi nosepxuesoi wopcmxocmu. Taxi napamempu epexmusHo
Xapakmepuzyloms Onepayiiny noediHKy ma 3acmocosHicmy 0opobaenux nosepxons. Ha ocnosi oyinku
EeKCNEPUMEHMATIbHUX Pe3YIbMamie MONICHA 3p00UmMU 0esiKi UCHOBKU 000 eleKmpopo3psaoHol 00pooKu
(EDM) incmpymenmanvnoi cmani 3a 0onomo2oio MiOHux i epagimosux enekmpoois. 3i 30inbiuentsim
xaacy VDI cnigsionowenns mamepiany (Ru) 00 wopcmrocmi 06podieHux no6epxoHs sI6HO 3MEHULY EMbCSL.
V' 0ocnioscenomy dianazomi Haticnpusmausiwi 3nHavenus docsearomocs Ha pisni VDI 18. O6pobneni
NOBEPXHI PI3HUX [HCMPYMEHMAIbHUX CMalesux 6upobie He Maiu CYmmesux eiOMiHHOCmel y
cniggionowenni mamepianie (Rum). V eunaoxy mionux enexkmpoodie euoamui 61acmueocmi MOJCHA
docsizmu npu euxopucmanui mamepiany EDM 40CrMnMo7, a y eunaoky epaghimy me came modicHa
cxazamu npo cmani C45U ma 45NiCrMol6. ITiosuwenns cmynens NDI snuoicye kypmos wopcmxocmi
nogepxni (Ryy) 00 cnpusmaugoeo 3navenns 3. Y ypomy cenci 06a munu mamepianie enekmpoois i pisni
copmu IHCMPYMEeHMAIbHOI Cmai He Maiu cymmeeux giominnocmeu. 3mina kococmi (Ry) sk ghyuryis
cmynenst VDI sanuwaemocs He3pozyminoro. Bona 51610 3pocmae npu 06pobyi epaghimosum enexmpooom,
MoOi AK 3MEHULYEMbCA NPU BUKOPUCMAHHI MiOHO020 enekmpooa. Tononoeiuni kapmu Ry Ry, cmeopeni na
OCHOBI 8UNPOOYBAHD, YACMKOBO NIOMEepOUIU OIANA30HU, ONUCAHI 6 Jimepamypi sK XapakmepHi 0/is
e1eKmpopo3psiOHol 06pobru. 3 yiel mouku 30py HAUOIIbWL CRPUSAMAUGE NAPU OAHUX OYIU OMPUMAHI HA
noeepxusix cmani 40CrMnMoS8-6 3 mionum enexkmpooom i cmani 45NiCrMol6 3 zpagpimosum
enekmpodom Hawi pesynomamu 0os00ams, wjo sminu cmynerie VDI cymmeeo eusnauaroms mak 36ami
@ynryionanvui napamempu wopcmrocni 0o6pobaenux nosepxonsb. Cmano 3po3yMmino, wo HeMoANCIUBO
MOYHO onucamu npupooy NOGEPXHI OOHUM NAPAMEMPOM, MOMY HEOOXIOHO GUKOPUCHOSYeamu Ui
@yuryionaneHi napamempu ma ixwi KombiHayii (monoepaghiuni xkapmu). Ilompioni nodanvuii
docniodncenHs, wob yimko susnauumu eniug oyinok VDI.

KurouoBi ciioBa: enexmpoeposiiina oopooka (EDM); mexcmypa nogepxui; napamempu QyHKyioHanibHol
WIOPCMKOCMI,; MONO02IYHA Kapma.
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