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RESEARCHING OF INFLUENCE OF ROTATION ANGLE OF TOOL ELECTRODE
FOR ELECTROCHEMICAL MACHINING OF MATERIAL

A. A. SokoLoVA ¢ E. R. SHAYMARDANOVA ® N. M. SHERYKHALINA ® S. S. PORECHNY

Abstract. A non-stationary problem of electrochemical machining with a rotating plate tool electrode of finite thickness
is considered. A mathematical model has been constructed, which makes it possible to modify the process of formation
by performing the rotation manoeuvre of the tool electrode. A computational experiment is conducted. Estimation
of the error and refinement of the numerical results are carried out by the method of numerical filtering. With the help
of the obtained numerical values, the phenomenon of the formation of a wave-like shape of the lateral part of the treated
surface is explained and a number of other conclusions are made. Restrictions have been found on the values of the pa-
rameters within which this manoeuvre will be safe, i.e. will not initiate a short circuit.

Keywords: electrochemical machining; tool electrode; formation; groove cutting process; computational experiment;
numerical filtering.

INTRODUCTION

Nowadays, many electrochemical machining processes are developed [1-8]. They are used in
the manufacture of details of complex configurations (dies, molds, etc.), for engraving, smoothing
edges, deburring, etc. All these processes occur due to the phenomenon of anodic dissolution during
electrolysis.

The author of the idea and technical implementation of many varieties of electrochemical pro-
cessing is the soviet engineer V. N. Gusev (1904-1956). The first industrial machine for electrochem-
ical machining process was created in 1943.

The workpiece and the tool electrode are connected to a direct current power source. An electro-
Iyte is supplied under pressure into the space between the anode and the cathode, which ensures that
the electrical circuit is closed. As a result, the anode surface is dissolved, i.e. the workpiece machining
process is carried out.

Dimensional electrochemical machining occurs when the electrolyte is continuously and inten-
sively renewed, pumped under pressure through the inter-electrode gap. Forced removal of the elec-
trolyte from the working area makes it possible to form the treated surfaces with smaller inter-elec-
trode gaps than during electrochemical etching and polishing.

In order to achieve high performance, technical and economic characteristics, it is necessary
to develop new technological methods of processing [9, 10]. And it is necessary for this to develop
new numerical and analytical methods that simulate the process [11-13].

THE MATHEMATICAL MODELING OF THE PROCESS

The problem statement and formulation

Let us consider a nonstationary problem of electrochemical machining using a finite-thickness
plate tool electrode. The center of the tool electrode moves inside the workpiece at a velocity V,
downward along the ordinate axis. The diagram of the inter-electrode space is shown in Fig. 1.
At the same time, the tool electrode rotates relative to its center with angular velocity o. The initial
hole in the workpiece has some shape (usually circular), the potential difference between the elec-
trodes is equal to U. The rotation of the tool electrode creates conditions for a more intensive moving
of electrolyte in the working area and avoids problems associated with sludge [14]. The model
of the electrochemical machining process according to this scheme is described in detail in [15].
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Fig. 1 Cross-section diagram of the interelectrode space:
ADB is the treated surface (anode); C is the tool electrode (cathode)

Dimensionless quantities x, y, zand ¢ are defined as follows:
x=X/l,y=Y/l, t=tV;/l=tkU/I?, @=®/U, (1)

where | = kU/V, is steady-state gap value in the problem of processing with plane horizontal tool
electrode. Here v, = —dy./dt = 1.
In dimensionless form, the normal velocity of motion of the detail boundary is given by the equa-
tion
dxq _ 09 e _ 09
=5, cosn, —==—-sinn. )
Here x,(7), y.(t) are coordinates of points on the treated surface; n is unit vector of the outer
normal to the treated surface.
Moving of the points on the surface of tool electrode during machining is the following

xc(t) = Re[(x2 + iyc")ei“(f)],
Ye(®) = =7+ Im[(x + iy2)e'*™P], @3)

where x2, y?2 are the coordinates of points on the initial surface of the tool electrode (for T = 0);
and a(t) = —wt is the rotation angle of the tool electrode around its axis relative to the initial position
(in figure 1 the value « varies from 0 to —mr/2).

The dimensionless time is discretized in the numerical solution, and at each step the boundary
problem for the Laplace equation with conditions ¢ =0, ¢_= —1. The normal derivatives dp/dn
are defined. Then, according to (2) and (3), a time step is performed by the Euler method and the
process is repeated.

The solution of the boundary problem for the Laplace equation with boundary conditions of the
first order on the base of the Green integral is reduced to the boundary integral equation. To solve the
integral equation, we will use the method of constant boundary elements, in which the electric field
strength has constant values. The boundary 7" is divided into n rectilinear elements /'m. The discrete
form of the boundary equation is of the form

1 /
2P = Ym=1 Feme, + Ym=1 ka(Dm, 4)

.., ¢, are the values of the potential and the normal derivative at the nodal points.



18 Section MATHEMATICAL MODELING, NUMERICAL METHODS, AND SOFTWARE PACKAGES

Herewith

1 (ém sin 05, (Inrgy, — 1) — r,?m sin Qfm (In r,?m -1 +dim(Orm — ng),m * k,

Gem = +—

km = Zon tla(In2—1), m=k,
7 _ 1 (68, — 0P, m=*k,
km = om 0, m=k.

The sign "+" is selected for passing along the anode (counterclockwise), the sign "—" is selected

for passing along the cathode (clockwise).
Using the boundary conditions of potential constancy at the cathode and anode, we obtain a sys-
tem of linear algebraic equations (SLAE) for the calculation of normal derivatives on the elements,

which for these conditions has the form

S G @y = 0+ X, Fim =0, k=T,

m=1 m=ni+1

ST G @y = — 5 T e = —1, k=1 + L ¥ 715

m=1 m=nq+1

where nz, n2 are number of boundary elements on the anode and cathode.

Numerical experiment

The results of calculations at the initial stage of the process for ellipsoidal tool electrode with
the ratio of the cathode half-axes k; = 0.1 are shown in Fig. 2. Here for error estimate the method
of numerical filtration is applied [16-19]. The error estimate shows four correct digits on the anode
and three correct digits on the cathode for n=320, which is quite acceptable for calculations. The order
of precision with respect to n is the second.
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Fig. 2 The results of the tension calculation:
a— on the anode; b — on the cathode

-lg8

The anode boundary was uniformly divided along its length [(s). This made it possible to study
long-term (up to 100 units of dimensionless time) processes without increasing of the number
of nodes with an error not exceeding 1% (relative to the half-width of the groove). In order to reduce
the width of the groove, it is possible to use voltage switching only for a part of the rotation period
of the tool electrode. Let us consider the effect of the angle between the tool electrode axis and
the vertical A6, at which the voltage at the ends of the tool electrode is switched on.
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a b

Fig. 3 Shapes of treated surface for a/b=0.5 (a, b are the parameters of the ellipse):
a— w=2n without switching; b — w=2r, A6=45°

The configurations for tool electrode with an elliptical half-axis ratio a/b =0.5 for ny=n>=n =320
are presented in Fig. 3. It can be seen that partial voltage switching has a significant effect
on the width of the groove.

The initial configurations with a/b = 0.5 with different values @ and A6 are shown in Fig. 4.
It can be seen that at A6 = 60° a short circuit occurs (Fig. 4, a) or self-crossing of the boundaries.
The problem is solved by increasing the rotational velocity of the tool electrode (Fig. 4, b, c).
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Fig. 4 Shapes of treated surface for a/b=0.5 with rotation of the tool electrode:
a—wo=2n1,A0=60° b—®=3n; ¢c— o =5m, AQ =45°.

CONCLUSIONS

Thus, the computational experiment has been carried out with different values of the angular ve-
locity of the tool electrode rotation in a clockwise direction. The values of the parameters at which
the self-crossing of the electrode boundaries occurs, as well as other phenomena, have been investi-

gated.
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The calculations have been carried out using various methods of specifying the nodal points of
the grid on the anode surface, which undergoes large stretches in a non-stationary process. A uniform
grid was chosen at each step. After each step, splines were drawn on the modified grid (separately for
x andy), and a uniform grid has been restored along the splines.

Thus, investigation has been carried out for ellipsoidal electrode tools with different semi-axis
ratios and different process durations t,,.. The results were obtained for 7.5 = 20, Tpax =
100 and T35 = 200mx-

The error is estimated using numerical data obtained for grids with different numbers of nodes
and different time step values.

A computational experiment is carried out for the voltage switching on only for a part
of the period of rotation of the tool electrode. Restrictions on the size of this part are found to avoid
self-crossing of boundaries.
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METAAAHHbBIE / METADATA

HaseaHue: ViccnefgoBaHue BAMAHMA Yrna NOBOPOTA BPALLAIOLLErOCA 3NEKTPOL-MHCTPYMEHTa NPU 3/1EKTPOXMMMUYECKOM 06paboTke
maTepuana.

AHHOTauMA: PaccmaTpuBaeTcs HecTaumoHapHaa 3ajaya 06 3/1eKTPoXMMMYeckon o06paboTKke BpaLLAOWMMCA MNAACTMHYATHIM
3NEKTPOA-UHCTPYMEHTOM KOHEYHOM TONLWMHbI. MOCTPpOEHa mMaTeMaTUyeckas Moesb, NO3BO/AKWAA MOaUPULMPOBATL NpoLecc
$opM00b6pPa30BaHMA 33 CYET UCMONHEHUA MAHEBPA NOBOPOTA 3NEKTPOA-UHCTPYMEHTa. MpoBeaeH BbIYUCAUTENbHbIA SKCNEPUMEHT.
OueHKa MOrpelHOCT U YTOYHEHME YUCAEHHbIX Pe3y/bTaToB OCYLLEeCTB/EHbl METOAOM YMCNeHHON ¢unbTpauun. C NnomoLbto
NONIYYEHHbIX YNC/IEHHbIX 3HAaYEeHUI 06BbACHEHO ABNeHMe 06pa3oBaHUA BOIHOO6pa3HoM dopmbl 6OKOBOW YacT obpabaTbiBaemoi
NoBEPXHOCTU U cAeNaH pag Apyrux BbiBogoB. HanaeHbl orpaHMyYeHnsa Ha 3Ha4YeHUA NapaMeTpPOoB, B paMKax KOTOPbIX AaHHbIA MaHEBpP

6yaeT aBnATbCA 6e30MacHbIM, T.e. He ByAeT MHUUMMPOBaTb KOPOTKOE 3aMblKaHue.

KnioueBble cnoBa: 3/1eKTpoxmmmyeckan 06paboTKa; 31eKTpoa-UHCTPYyMeHT; opmoobpasoBaHue; npoLecc
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