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Abstract. The production of parts with thin-walled structuress become widespread in the rocket
and space industry. A progressive method for manufemg these parts is electrochemical
machining. The issues of using pulsed voltage fecteochemical machining of thin-walled parts
with a profile cathode are considered. The distiecfeatures of the electrochemical machining
process with pulsed and constant voltage are itatica

BOIPOCHI IPUMEHEHMS UMITYJIbCHOI'O HAIIPSZKEHMS VIS
IAJIEKTPOXUMHNYECKOU OBPABOTKH TOHKOCTEHHBIX JETAJIEN
IMPO®UJIBHBIM KATOAOM

Hle¢aneea H.A., Daoeee A.A.
Cubupckutl 20cy0apcmeeHHblll yHugepcumenm HaAyKu U mexHon02utl
umenu axaoemuxa M.®. Pewemnesa, Kpacnospcx, Poccus

KiroueBble cjioBa: 3JCKTpOXMMHYECKas 00pabOTKa, MMITyJIbCHOC HAIMpPSOKECHHE, TOHKOCTCHHAS
JieTajb, KaTo/.

AunHoTaums. U3roroBieHue paerajel C TOHKOCTEHHOM KOHCTPYKLHUEH MOJYYUIIO IIHPOKOE
pacnpocTpaHeHUE B PaKETHO-KOCMHUYECKOW oTpaciu. [IporpeccMBHBIM METOIOM HU3rOTOBJICHUS
YVKa3aHHBIX JICTallcll  sIBISCTCS  JJCKTpOXUMHYEeCKas o00paborka. PaccMOTpeHBl  BOMPOCHI
NPUMEHEHHUST HMMITYJIbCHOTO  HAamNpsDKEHUS JUIS  DJIEKTPOXUMHYECKOH  00paboTku  neTaneit
TOHKOCTEHHOH KOHCTPYKIIUU TPOoGMIbHBIM KaTtogoM. O003HAYEHBI OTIIMIUTEIbHBIE OCOOCHHOCTH
TIporiecca MEKTPOXUMHUIECKONH 00pabOTKH C MMITYJIbCHBIM U TIOCTOSTHHBIM HATIPSKEHUEM.

Introduction. The production of parts with thin-walled structuhes become
widespread in the rocket and space industry. Ctlyrehese parts are produced by
mechanical machining, namely, by milling a soligesh Due to the nature of the
thin-walled design, the walls of the parts can asilg deformed during machining.
In this regard, machining of thin-walled and easlBformable parts is an urgent
problem. Therefore, the question arises about #eeai progressive and modern
processing methods. Recently, electrochemical dedtrephysical machining
methods have been widely developed.

Aim of the research. Consider the key aspects of using pulsed voltage fo
electrochemical machining of thin-walled parts wattprofile cathode. Outline the
distinctive features of the electrochemical maatgnprocess with pulsed and
constant voltage.

Main part. Electrochemical machining (ECM) is a processingedasn the
anodic dissolution process, in which the workpieesgjch is the anode, and the
electrode tool, which is the cathode, are separayean interelectrode gap (IEG),
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which is filled with an electrolyte solution. Thate of anodic dissolution of the
metal during ECM is influenced by the nature andynitaide of the process voltage
(current) created by the source of process vol(agerent) used [1]. The ECM
process can take place at constant or pulsed eoltag

In ECM with a constant voltage, processing is uUguehrried out using
relatively large interelectrode gaps, which ensui@gy effective removal of
machining products from the interelectrode gapth&t same time, high machining
accuracy cannot be ensured [2]. This is importdrgmmachining thin-walled parts
of rocket and space technology, where the masshefnmanufactured part is
important.

In ECM with pulsed voltage, the process of anodssalution of the metal
does not occur, but the electrolyte flows. Due his,tthe interelectrode gap is
cleared of machining products and the temperattitbeoelectrolyte is equalized,
which helps maintain the design mode of ECM andrawes the technological
performance of the process. When ECM with pulsedtage, compared to
machining with constant voltage, the following ocua reduction in gaps due to
better removal of machining products from the IE&Juction of voltage losses in
the near-electrode layers due to less gas fillihghe IEG during the period of
current flow; reducing passivation during anodissaiution and increasing current
efficiency due to better removal of machining prady an increase in current
density at the moment the pulse is applied, whidproves the quality of the
surface.

The pulse electrochemical machining technologieswin in manufacturing
as ET technologies, are becoming increasingly vpickesl.

The technological characteristics of the ECM precese productivity,
dimensional accuracy and the resulting shape, dk asethe roughness of the
processed surfaces. The factors influencing thientdogical characteristics of the
process include: the volumetric electrochemicaliveadent of the metal (alloy)
being processed, the composition of the electralgt, its electrical conductivity,
voltage on the electrodes, current density, currefiiciency of the metal,
interelectrode gap and technological allowance.

The main parameters of ECM current pulses areientirdensity (Faraday
current and charging-discharging currents of tleeteacal double layer), duration of
voltage pulses, duty cycle of pulses. With incneggiulse duration due to increased
gas filling, the increase in the amount of eledlyispent on dissolving the metal
slows down. At lower IEG, this slowdown begins ®ayl and uneven metal
removal occurs. Therefore, it is important to deiee the value of the pulse
duration for a specific case of ECM, depending lom pressure in the IEG, pulse
shape, voltage amplitude, current efficiency amdimber of other ECM factors. By
determining the optimal parameters, it is possibl@chieve high productivity of
the ECM process with a sufficiently high precisafrsurface treatment.

There is a known design of the cathode, which rspdse profile of the
resulting cavity of a thin-walled part [3]. Eleatteemical machining with pulsed
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voltage is carried out according to a scheme withawving cathode with vertical
and horizontal feeding to the workpiece (Fig. 1).
Vz

“ N\ Workpiece

Fig. 1. The scheme of electrochemical machining tfin-walled part with a profile
cathode

While studying the issue of ECM using pulsed vadtathe features of the
process were determined. An analysis of the liteeatlata has shown that various
aspects of pulsed voltage ECM are currently bemgeiasingly studied and are
increasingly being used in practice. In additiordiagram of the electrochemical
machining of a thin-walled part with a profile catle with a pulsed voltage was
presented. The distinctive features of the ECM @secwith pulsed and constant
voltage are indicated.
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