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Electrical discharge machining and electrochemical machining of metals are used in the production of
parts for aircraft and rocket technology, especially electrical discharge machining. A type of electrical
discharge machining, electrical contact machining, is used in metallurgy. The paper investigates a combined
method of metal machining, including electrical contact and electrochemical methods using vibration of the
electrode tool. This method is used for copying and piercing operations in the manufacture of parts from
metals that are difficult to machine mechanically. The peculiarity of the above-mentioned method of electrical
machining is the formation of surface roughness of the metal being machined due to anodic dissolution and
the electrical discharge machining process. The side surface of the workpiece is formed due to
electrochemical processes. The end surface is formed due to electrical contact machining. Based on literature
data for pulsed electrochemical machining and experiments, expressions for calculating the roughness
parameter of the side surface are obtained. The formula takes into account the time of anodic dissolution for
one period of oscillation of the cathode tool, the voltage on the electrodes and the concentration of the
electrolyte. The calculation of the roughness parameter of the end surface is carried out similarly to the
expression for electrical discharge machining, but instead of the duration of the electric pulse, the duration of
contact of the electrodes is used. The experiments carried out confirmed the correctness of the expressions
used and made it possible to obtain the dependence of the coefficient on the vibration frequency of the
cathode-tool.

Keywords: electro-contact-electrochemical method, vibration, electrolyte, side surface, end surface,
surface roughness.
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DReKmpoIPO3UOHHASL U IJIEKMPOXUMULECKAsT 0OPAOOMKU MEeMANL08 UCHONb3VIOMC 8 NPOU3B00CHIEe
demaneu AGUAYUOHHOU U PAKEMHOU MeXHUKY, OCODeHHO 2IeKMpPOIPO3UOHHAA. B memannypeuu
NPUMEHSIEMCSl  PA3HOBUOHOCb  INEKMPOIPOZUOHHOU 00pabomru — sj1ekmpoKonmakmuas. B pabome
ucciedyemesi KOMOUHUPOBAHHBILL CNOCOb 00pabOmMKU MEeManlos, SKIOUAIOWUL IIeKMPOKOHMAKMHBLIL U
INEKMPOXUMUYECKUTI MEMOObl C UCNOAb306aHUeM Gubpayuu saekmpooa-uncmpymenma. C nomowwio
9MO20 Memooda OCYueCmeIsIOMes KONUPOBALbHO-NPOUUBOUHbLE ONEPAYUU NPU U32OMOGLCHUU Oemallell U3
Memainos mpyoHooOpadbamvieaemMbix MeXAHUHeCKUM cnocobom. OcobeHHOCMbIO BbIUEYNOMIHYMO20
cnocoba  snekmpoobpabomru  A6uAEmcs gopmuposanue  ulepoxo8amocmu - NOBEPXHOCMU
00pabamvléaemo2o0 Memaiia 3a CHém AHOOHO20 PACMEOPEHUs. U npoyecca 31ekmpodposuu. Bokosas
NnoBEPXHOCMb 00PAdAMbIBAEMOl 3020MOBKU (QOPMUPYEemMCs 34 CYém  INeKMPOXUMUYECKUX NPOYECCOs.
Topyesass nosepxnocms obpaszyemcsi 3a cuém daekmpokonmaxmuou obpabomxu. Ha ocnosanuu
JIUMEPAMYPHBIX OAHHBIX OISl UMNYAbCHOU DJIEKMPOXUMUYECKOU 00pabOmKu U HKCNEPUMEHMOE8 NOJYHeHbl
sbipadicenust 0 pacuéma napamempa uepoxosamocmu 60kosou nosepxnocmu. Qopmyna yuumolieaem
8pemMsi aHOOHO20 DPACMBOPeHUsl 3a OOUH Nepuood KoneOaHusi KamoOoa-UHCMPYMEHmMd, HANPAdICeHue Ha
ONEKMpPooax u KoHyewmpayuio sinekmpoauma. Pacuém napamempa wepoxoeamocmu mopyesou
NOBEPXHOCMU NPOUBOOUMCST AHANOSUYHO GbIPANCEHUIO OJIsL DNEKMPOIPOZUOHHOU 0OPAOOMKU, MONbKO
6MEeCmO ONUMETbHOCIU DJIEKMPUYECKO20 UMNYTIbCA UCHONb3Yemcsl OUMeNbHOCMb KACAHUSL dAeKMPOO00s.
IIposedénnvle onvimsl NOOMEePOUNU NPABUILHOCHb UCHOJIb3YEMbIX GbIPANCEHUT U NO3GOMUNU NOTYHUMb
3a6UCUMOCTNE KOIDuyuenma om yacmomol 6UOPAYUU KAMOOA-UHCMPYMEHMA.

Knmiouesvie cnosa: BJZEKWlpO—KOHWlaKn’lHO—BJZEKWlPOXuMMVECKMIZ CI’lOCO6, 6u6pa14w1, aJleKmpoaum,
boxosast noeepxHocms, mopyesas n06EPXHOCHb, UWUepoxoeantocmb NOBEPXHOCMU.

Introduction

The development of modern technology is associated with the use of metals and alloys that are
difficult to process mechanically, therefore, electrical processing methods, including combined ones,
are increasingly being used [1]. Currently, many combined methods of electrical processing are
known. An overview of these methods is presented in [1; 2]. The greatest attention of researchers was
attracted by the electroerosion-chemicalm machining (EECM) of metals, as evidenced by numerous
publications in collections of scientific papers and conference materials [3-8]. A distinctive feature of
this treatment method is the implementation of electrochemical machining (ECM) in a flowing
electrolyte in the arcing mode, passing into an arc discharge, and maintaining the interelectrode gap
(IEG) constant. In the study of the EECM of the hole stitching, vibration of the tool electrode-tool
(ET) was used to intensify the removal of processing products from the interelectrode gap [9; 10].
When the feed rate of the ET is greater than the removal rate of the metal, contact occurs with the
workpiece. With a short-term touch, an arc lights up, which leads to erosive removal of the processed
metal. The authors of the above-mentioned work called this method the -electro-contact-
electrochemical method of machining metals (ECECM).
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The paper presents the dependence of the firmware speed on the depth of the hole and the vibration
frequency of the electrode-tool and does not mention the quality of the resulting surface. No
publications have been found on this method.

Surface roughness is an important indicator of the quality of parts, affecting many operational and
technical characteristics of machines and devices (Table 1).

Surface roughness affects the processes of friction and wear, impact strength, vibration activity,
flowability by liquids and gases, tightness of joints, electrical contact resistance, reflection of
electromagnetic waves from the surface, thermal conductivity and radiation properties, strength and
quality of coatings.

Table 1
The main technological factors determining operational characteristics of
instrument and machine parts
Operational Microgeometry Machining | Hardening | Microhardness Macrogeometry
characteristics of the (roughness) tracks
details direction

Fatigue strength + + + +
(endurance)

Wear resistance

+
+

Strength of the press
joints

Stability of landings
Corrosion resistance

Erosion resistance

Heat transfer

]
]+

Moment of friction

It follows from the above that surface roughness affects many operational and technical
characteristics of machine parts and devices.

The purpose of the work is to identify the analytical dependence of the surface roughness quality
indicator on the processing parameters. In the branch research laboratory at the Siberian State
Aerospace University named after Academician M. F. Reshetnev the work on the ECECM is
continued. The influence of the frequency and amplitude of vibration of the ET on its wear and
processing performance is investigated, and phenomena occurring in the interelectrode gap, varying
from zero to the range of vibrations of the ET, are revealed. Based on the research materials, articles
have been published and a patent for the ECECM method has been obtained [11].

Materials and research methods

ECECM is a combined method consisting of electrochemical and electrocontact machining.
Electrocontact machining is a type of electroerosion machining (EEM). The processes in the electric
discharge channel affect the metal removal rate, surface roughness, machining accuracy, durability of
the ET, structural changes in the ET, the workpiece and the working fluid.

The surface roughness in the EEM of steels is Ra 0.3—0.6 microns at the direct polarity in the
electric spark mode, with the electric pulse mode Rz 20-40 microns [11]. Moreover, the parameter
Rz is determined by the pulse energy:

R =kA”, (1)

where £ is a coefficient depending on the processing mode, the material of the ET, the size, type and
condition of the working medium. For steels £ = 2 ...12 in finishing conditions; k& = 10...50 for
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roughing; p is the exponent of the degree characterizing the shape of the hole, p = 0.3... 0.04; A4 is the
pulse energy, determined by the product of the average values of current and voltage per pulse
duration, J.

In [17], it is proposed to use the following dependence to calculate the roughness parameter Rz
during EEM:

R =kA'x, ©)

where 7,4 are the pulse duration; x, y are exponents.

The values of the degree indices have been experimentally established for processing
nickel-based alloys and for steel 12X18H9T.

The introduction of pulse duration in  expression (2) showed that the
pulse energy has the greatest effect on roughness.

In combined EECM, the surface roughness mainly depends on the energy of the current pulses
causing the electroerosion destruction of the material, and is determined by the expression [18]:

R,=KA", 3)

where K is a coefficient depending on the metal being processed and for carbon steels
K=0.12 mm/J.
The pulse energy is proposed to be determined by the formula

4= Ul ’
f(1+a) (4)

where U is the arc gorenje voltage; / is the operating current; f is the pulse repetition rate; « is the
coefficient equal to the ratio of the average current density due to the process of electroerosion to the
average current density due to the process of anodic dissolution, usually
a=20.1..12. At EECM a = 1.2..2.0, at ECECM the frequency f is equal to the frequency of
oscillations of the ET.

During the electrochemical treatment of titanium and its alloys in the pulsed mode [19], an
empirical dependence of the roughness parameter R, on the process modes was obtained:

_ 777154 141 154 0,21
R, =U T, T 7T, ®))

where U is the voltage at the electrodes; 7, is the duration of the current pulse; 7 is the period of the
current pulse; ¢ is the concentration of the electrolyte.

During ECECM, a constant voltage is used, so the anodic dissolution of the side surface of the
workpiece occurs continuously, excluding the moment when the electrodes touch, since at this time
the voltage between the electrodes is close to zero. Taking into account this and experimental data,
expression (5) will take the form

T
R, =kU*» X ¢, (6)

T,

where k= 0.1 V- um, a constant multiplier; U is the average voltage across the electrodes; t, is the time
to establish a stable value of surface roughness, in most cases t, = 8 ...10 s; t , is the time of anode
dissolution during one period of oscillation of the cathode tool.

The formation of surface roughness occurs due to two processes: electrical erosion and anodic
dissolution.

The surface roughness of the R, surface formed by the end of the cathode tool can be estimated by
the expression

R, =k(4, +4,)", (7)
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where k is the coefficient depending on the processing mode of the material of the workpiece,
in the general case k = 2...50; 4, is the electrical energy released in the MEZ, J; A, is the mechanical
energy of the oscillating mass, J; p is the exponent, p = 0.3...0.04.

Electrical energy is determined by the formula

A, =Ult,, (®)

where U is the average voltage during processing, V; [ is the average value of the current strength
during processing, amp; 7, is the time of erosion failure during one period of oscillation of the cathode
tool, sec.

Mechanical energy is defined by the expression

Ay =m f247, ©

where m is the mass of the ET, kg; f is the frequency of vibrations of the ET, Hz; And A is the
amplitude of vibrations of the ET, m.

It follows from expression (7) that the roughness of the surface formed under the end of the ET is
determined by mechanical and erosive action, the so-called electromechanical smoothing, which
contributes to obtaining high surface quality (Ra 0.1 microns or less). By changing the oscillation
frequency, the ratio of the duration of erosive and electrochemical effects changes. This allows you to
change the surface roughness of the workpiece.

Results and discussion
The experiments were carried out on an electric treatment plant based on an edectrodynamic drive
[20]. The general view of the installation and the layout of its elements are shown in Fig. 1 and 2.

Puc. 1. BHemHui Buj 31€KTPOKOHTAaKTHO-XUMHYECKOH YCTaHOBKH 0€3 BaHHBI:
1— ocHoBaHue; 2 — cpeHss YacTh OCHOBAHUS; 3 — BEPXHSISI YaCTh OCHOBAHUS; 4 — Tas3bl;
5 — MaxoBUKH; 6 — CTOMKa; 7 — nepkatenb; 8§ — JIDJJ]

Fig. 1. External appearance of the electrocontact-chemical installation without a bath:
1 —base; 2 — middle part of the base; 3 — upper part of the base; 4 — grooves;
5 — flywheels; 6 — stand; 7 — holder; § - LEDM
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The developed installation is a desktop version of an electrocontact-chemical machine (Fig. 1). The
tub is made of stainless steel sheet and is attached to the table (3) via a dielectric plate.

LEOM
0P
H Pr
] 3 N
Filter P
Tank
Zi
Pump m

Puc. 2. KoMnoHOBKa 3JIeMEHTOB YCTAHOBKH 3JIEKTPOKOHTAKTHOXMMHUYECKOH 00pabOTKH:
JISA/T — nuHelHbIH 31eKTpoJMHAMUYeCKHi aBUrarenb; PM — pacnipenenurenb MOIHOCTH;
ITJIK — nporpaMMupyeMslil JOrH4ecKuit KOHTpoiep; YM — yCUIuTedb MOIHOCTH;
[N — manens nnaukanuy; [1K — nepconanbHbIl KOMIBIOTED

Fig. 2. Layout of elements of the installation for electrocontact chemical processing:
LEDM - linear electrodynamic motor; PD — power distributor; PLC — programmable logic controller;
PA — power amplifier; DP — display panel; PC — personal computer

The installation is equipped with a control system for the oscillation frequency of the tool electrode
in the range from units to 100 Hz (Fig. 3).

The control system provides a working fluid supply device, which is necessary for automatic filling
of the bath with electrolyte. The pump includes a pump, a cartridge filter, a tank, a supply hose and a
drain hose. The liquid level is regulated by a float sensor installed inside the working bath.

The entered parameters are recorded by the ADC system, which provides feedback and, through
the controller, are sent to the display panel, where the operation of the elements is displayed.

This installation provides a system for recording the movement of the tool electrode using a linear
motion sensor.

With this sensor, the processing depth is recorded and analyzed. This sensor is one of the main
feedback elements in the system. With its help, the control system varies the output parameters that are
necessary for processing the workpiece at this stage. The sensor is powered directly from the
controller.

To measure the roughness of the lateral surface, the samples were made separable,
i.e. they consisted of two halves. Model 296 profilometers were used to measure the roughness of the
side surface, and a MIS—11 double microscope was used for the end surface. An aqueous solution of
sodium nitrate with a concentration of 2.5 g/l was used as an electrolyte. During the experiments, the
average values of current and voltage were recorded, and waveforms of current, voltage, and
interelectrode gap were taken. The oscillograms were used to determine the time of anodic dissolution
and the time of erosive destruction of the metal of the workpiece. The hole depth was 10 mm.

The material of the samples is HVG steel. The cathode tool is a tool in the form of a cylindrical
copper tube, the outer diameter of which is 7.9 mm; the inner diameter is 5.8 mm, connected to a
vibration drive. The electrolyte was supplied to the interelectrode gap through a cathode-tool. The
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weight of the cathode-tool is 1 kg. The processing parameters are shown in Table 2, the results of
calculations and measurements of surface roughness are shown in Table 3.

Lonfroller

!

display configurafion and ‘ N

panel regqisirafion {/
system

Puc. 3. binok cxema ynpasienus ycraHoBkoit OKXO:
PM — pacnpenenutens MomHoct; UI1 — McToYHMK NUTaHus;
Vb — ycunurtensHslil 610k; YIIPXK — yerpoiictBo nopauu paboueil xuakoctu; PC — nepcoHanbHblii
xomnbrotep; JJIIT — naTuuk nuHelHbIX nepememieHuid; JISJJ] — nuHeHHbIN 3JeKTPOIMHAMUYECKUI
nsurareins; LAIT — nudpoBoil ananorosslit npeodpazosatensb; AL — ananoro-nudposoil npeodpasoBarens

WSt

Fig. 3. Block diagram of the control of the ECHO installation:
PD — power distributor; PS — power supply;
AU — amplifying unit; WFSD — working fluid supply device; PC — personal
computer; LMS — linear motion sensor; LEDM - linear electrodynamic
motor; DAC — digital to analog converter; ADC — analog to digital converter

Data analysis of the table. 2 showed that the value of the coefficient k£ in formula (7) is related to
the frequency ratio by the expression:

k,=ky f; /20, (10)

where ki is the coefficient value at a different oscillation frequency of the cathode-tool, k) is the
coefficient value at a frequency of 20 Hz, f; is the required value of the oscillation frequency of the
cathode—tool.

Table 2
Machining parameters
Ne Oscillation frequency, average voltage is, V average current, amplitude, Ratio
pPp Hz amp mm k()
1 20 11.5 10 0.8 10
2 50 11.5 11 0.7 25
3 80 11.5 12 0.6 40
Table 3
Results of calculations and measurements of surface roughness
Ne Estimated value of R ,, microns Measured value of R ,, microns
pp lateral the end part lateral the end part
1 0.11 2.6 0.15 2.8
2 0.33 6.3 0.4 6.3
3 0.78 7.1 0.8 7.4
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Conclusion

Changing the oscillation frequency of the cathode tool leads to a change in the roughness of the
treated surfaces. By reducing the vibration frequency of the tool, the quality of the treated surface
improves, as the time of electrochemical machining increases. The calculated values of the parameters
R, practically coincide with the measured ones, which confirms the correctness of the selected
formulas, coefficients and exponents.
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