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SURFACE ROUGHNESS MODELING DURING ELECTRIC DISCHARGE
GRINDING WITH VARIABLE POLARITY OF ELECTRODES

Abstract. The article presents the probabilistic-statistical modeling of surface roughness in the process
of electric discharge grinding with the variable polarity of electrodes. The correlation between electric
modes of machining and indicators of the quality of the machined surface was established. A
probabilistic-statistical model of part surface roughness formed during grinding is obtained, which
establishes the correlation between high-altitude surface parameters and electrical machining modes.
The developed model makes it possible to calculate the height parameters of the part roughness
depending on the electrical modes of grinding. The height of microroughness is determined by the same
machining conditions as the depth of erosion pits. It is possible to obtain low roughness if electrical
machining modes are reduced.

Keywords: spatial position of erosion pits; statistical dimensions; roughness parameters; electrical
modes.

Introduction. The process of electrical discharge grinding with the variable
electrode polarity allows obtaining the required qualitative and quantitative
parameters with a significant reduction in the specific consumption of the diamond
wheel and the costs of various types of energy [1, 2]. This is explained by the fact
that changing in time on the polarity of the electrodes and the corresponding pulse
repetition rate ensures stable conditions of the grinding process. By changing the
pulses repetition rate, their duty ratio and power with a corresponding change in
the polarity of electrodes, it is possible to regulate directly the process itself, up to
an equilibrium state, ensuring equal manifestation of electrophysical and
electrochemical (even at their insignificance) processes for both electrodes. The
process of interaction between the cutting tool and the surface of the machined
material under conditions of electrical discharge grinding with the variable polarity
of electrodes has not been studied. In this connection, surface roughness modeling
was carried out in the paper and the features and regularities of interaction between
the cutting tool and the surface of the machined material were established.

Literature Review. The interaction of the diamond wheel with the surface of
the machined material during electrical discharge grinding is a complex
electrophysical system [3,4]. It is simultaneously a place of micro-cutting and the
action of discharges in the interelectrode gap. When voltage is applied in this area,
an electric current arises and passes through the current-conducting bridge circuits
overlapping the interelectrode gap, the working fluid having some electric
conductivity, and through the channel of the arising discharge during its action.

To determine the surface roughness, probabilistic-statistical modeling was
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performed. During electrical discharge grinding, the roughness of the machined
surface is formed as a result of the formation of individual pits that overlap each
other. Each pit can be represented as a spherical segment. Since the spherical
segment has geometric symmetry relative to the vertical axis, the issue of pits
formation was considered in a two-dimensional formulation. The section of the pit
is a circular segment, the arc radius of which is equal to the radius of the spherical
segment.

Research Methodology. Taking into account the stochastic nature of the pit
formation process, the method of probabilistic-statistical modeling (Monte Carlo
method) was used to determine the surface roughness, which involves the following.
The individual vertex and cavity of irregularities of the machined surface are formed
by superimposing two repeatedly modeled pits (Fig. 1). For this purpose, the values
of geometrical parameters of the pits (d, and h,) and the values of parameters of the
intersection of the pits were played out with a random number generator according to
the law of normal distribution and their marginal values were obtained.
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Figure 1 — Scheme for calculating the roughness of the machined surface

The roughness of the machined surface Rmax Was calculated by the formula:

R e b Cimins (1)

max — Tmax — Ymax —

where rmaxis the largest value of the arc radius; bmax is the largest value of the
distance between the X axis and the center of the larger arc of all realizations; Cmin is
the smallest value of the distance between the intersection point of the arcs and the X
axis of all realizations.
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Let us define the parameter c at the intersection of two pits. The distance along
the X axis between the centers of two intersecting arcs a is determined from the range
from amin t0 amax and can be found as

a=m+n, @)

where m is the distance between the center of the first arc and the intersection
point of the arcs; n is the distance between the center of the second arc and the
intersection point of the arcs.

From triangles ABC and A;B;C we have:

2 =m?+ (b, +¢)? 3)
¥ =n?+ (b, + ¢)? 4

where r1, rp are the radii of two intersecting arcs; bi, b, are the distances
between the X axis and the centers of two arcs.

Solving equations (3) and (4) we obtain:
m = 12— (b +¢)?

n=rf—(by+ )%

Summing m and n, we have:

m+n=rZ—(by+c)2+J1rF— (b, +c)2 (5)

Given (2), expression (5) can be reduced to the form:

JiZ—(by + )2 +J1iF— (b +c)? —a=0.

The parameter ¢ cannot be found explicitly from the obtained expression, so a
numerical method is used to solve it.

It is known [5] that the relation between the depth and the diameter of an
erosion pit has the following form:

[~}
H

=3..4 (6)

=

From the ABC triangle (Fig. 2) we have

2 _ Aoz 2
2= (2?4 K2 ™
On the other hand
r=k+h,
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Hence
k=r—nh

. (8)
Given (8) and (6), expression (7) can be represented as
5hZ—2h,r=0.

Solving this equation, we find the dependence of the arc radius r on the depth
of the pit h,:

T = 2.5h,. 9)
e
% 7
T
<" #

Figure 2 — Scheme for calculating the arc radius of the electrical discharge pit

Let us determine the maximum distance amax ON the X axis between the
centers of the two intersecting arcs. In this case, the intersection point is on the
outer machined surface (Fig. 3).
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Figure 3 — Scheme for determining the amax parameter
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From equation (9) we express h, as

h, = 0.4r. (10)
Substituting (10) into (8), we obtain:
k=0.6r (11)

The amax parameter is defined as

Qe = T + 10 (12)
From the triangle ABC we have:

n, =m? +ki.

Hence
m = /¥ — ki.
Given relation (11), we obtain:
m = 0.8n. (13)
Similarly:
n = 0.8n. (14)

Substituting dependences (13) and (14) into equation (12), we obtain the final
expression for determining amax:
A = 0.8(1y +13).

Let us determine the minimum distance amin On the X axis between the centers
of the two intersecting arcs. The point of intersection of the two arcs is on the inner
surface of the machined material (Fig. 4).
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Figure 4 — Scheme for determining the parameter amin.
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From the triangle ABC we have:
7 = (ha + k) + afn

Given relations (10) and (11), we can write:
2 2 2 2
13 = 01617 + 0.48n 1 + 0.3615 + an,.

Solving this equation concerning amin We obtain:

Qppin = +/ 0.641% — 0.481,715 — 0.1612.

Let us assume that the center of the arc with minimum radius rin is on the X axis.
Then, considering relation (6), the center of the arc with a larger radius will be higher on
the Y axis. On this basis, let us define parameter b (Fig. 5).

Figure 5 — Scheme for determining the parameter b
Let us express b through k and kmin, and given (11), we obtain:
b = 0.6(r —Tpn)-

Results. Following the above-specified method, we have developed a
calculation algorithm, the scheme of which is shown in Fig. 6. The calculation
sequence is as follows. The values of electrical modes are set: voltage U, current
rate I, pulse duration T. Then, the expectation of the erosion pit depth h, and the
standard deviation are calculated. Then the values of rmayx, Fmin, and bmax are
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determined. After that, with the help of a random number generator, the parameters
h.1, haz, 11, 12, @, by, by, and c are played out according to the normal distribution
law. The number of repetitions is taken as equal to 1,000. Then the value of Cpin is
determined. After that, surface roughness parameters are calculated: Rmax, Ra, R
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Figure 6 — Scheme of the algorithm for calculating the roughness parameters
of the machined surface.

Conclusions. The developed model, considering the spatial position of
erosion pits, their statistical dimensions, allows calculating the roughness
parameters, which, eventually, make it possible to predict the durability of the
formed part. The process of electrical discharge grinding with the variable polarity
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of electrodes allows reducing roughness parameters, which leads to an increase in
durability and reliability of the machined part operation.
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MOJEJIOBAHHS HIOPCTKOCTI IIOBEPXHI
M[PU EJIEKTPOEPO3ITHOMY IILJII®YBAHHI 31 SMIHHOIO
IHOJIAPHICTIO EJIEKTPO/IB

AwuoTtauisi. Enexmpoeposiiine aimasne witighy6anus 3i 3MIHHOIO NOJAPHICMIO €1eKmpooie 0038075¢
00pobsimu 8axckoobpobdosarni mamepianu. IIpoyec opmysants o6podIeHOT NOBEPXHI 3anedcums, He
MITLKU 610 eNeKMPUYHUX PENCUMIE 00POOKU, a we Ul 810 Mamepiany 3a20moeKu, 6i0 po6o4oi piounu i
m.n. Lli napamempu He nog'sizami, omoice, KodxceH 3 HUX Oae ceiil eniue Ha xio npoyecy. Tomy
00CHIONHCEHHSI 3AKOHOMIDHOCIEU 3MIHU WOPCMKOCMI 6 3ANeMHCHOCMI 6I0 eleKMPUUHUX DelCUMie
006pOOKU BUKOHYBANIOCSA 3 BUKOPUCIAHHAM IMOGIPHICHO-CIMAMUCIUYHO20 MOOeNI06aHHA. Y cmammi
npogeoeHo  UMOBIPHOCHO-CIAMUCIUYHE — MOOENI08AHHA — WOPCMKOCMI — NoGepxHi 6  npoyeci
€/1eKMpPOepO3IOHHO20 WNIQYBAHIS 3i 3MIHHOI NONAPHICMIO eleKmpooie. Bcmanosieno 63aemo3s'si30k
MiIDIC eNeKmpPUdHUMU pedcumMami. 06pooKu i nokasHukamu akocmi oopobaenoi nosepxui. Ompumano
IMOBIPHICHO-CIMAMUCMUYHY MOO€b WOPCIMKOCH NOBEPXHI Oemali, wjo GopMyemvcs npu wiaighy8aHHi,
AKa 6CMAHOBNIOE  B3AEMO36'A30K MIdIC GUCOMHUMU NAPAMEMPAMU NOBEPXHI MA  eNeKMpUYHUMU
pedcumamu 0b6pobxu. Pospobrena modens, 003805€ po3paxysamu UComui napamempu WopcmrKocmi
demani 8 3anexcHocmi 8i0 eleKmMpUHHUX pexcumie wiigpysanna. Bucoma mikponepienocmeil
BUBHAUAEMBCA MUMU JHC YMOBAMU 00pOOKU, W0 I enubuna eposiunux ayHok. Ompumanis HU3bKOI
WOPCMKOCII MOJICIUBO NPU SHUIICEHHT eIeKMPULHUX Pedicumie 00pobKku. Bukopucmanis po3pobnenozo
aneopummy po3paxynky CYnpoeoodiCyEmMbCs 6eUKOI0 KiNbKICmIo o04ucienb i 3aCmocy8aHHam 00CUMb
CKIIAOHUX ~MAMEMAMUYHUX Npoyeoyp: pPIUeHHAM PIGHAHb HUCETbHUMU MemooaMl, 2eHepayicio
8UNaokoeux uucen ma in. Jlani obuucnents 0oyinbHO NPOGOOUMU 6 NPOPAMHUX naKemax. Y 363Ky 3
Yum BUHUKAE HeOOXIOHICMb pO3pOOKU aneopummie peanizayii cmeopeHoi mamemamuynoi mooeni 6
NPOSPAMHUX NAKEMAX: MOOENO08AHHs UWOPCMKOCHi 00poOI06aH0l NOBEPXHI; BUHAYEHHS NONOICEHHS
6epuIUHU epO3IlHOT TYHKU, WO DO32TA0AEMbCSA 8 NAOWUHI POPMYSAHHS NONEPeUHO20 MIKpOnpoinio
Odemani npu pisHUX eNeKMPUYHUX DeXHCUMAX WINIQY8aHHA, PO3PAXYHOK MAMEMAMUYHO20 OYIKYBAMHS
2AUOUHU ePO3IUHOT TYHKU.

KarouoBi cioBa: npocmopose nonodicennsi epositiHux JYHOK; CMAmMUCMuyHi po3mipu, napamempu
WOPCMKOCMI; eNeKMPULHI PEHCUMU.
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