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The intensity of erosion processes of asymmetric single-component Cu and Ni electrodes of the free burning
electric arc at current of 30 A is studied by measurements of a content metals vapour in plasma column. Optical
emission spectroscopy was used to determine the radial distributions of plasma temperature and electron density in the
middle section of a discharge gap. These experimentally obtained data were used in the calculation of equilibrium
plasma composition. So, the evaporation intensity of each electrode material can be estimated in such indirect way.

PACS: 52.70.-m, 52.80.Mg
INTRODUCTION

The arc discharge occurs during switching of
electrical devices [1]. As the result, the surface of the
contacts can be damaged and the operating time of the
contact pairs will be reduced. Low level of erosion
resistance causes rapid wear of the contacts. This
problem can be solved by optimizing of the contacts
material composition in a manufacturing technology [2].
The study of physical processes in arc discharge plasma
will allow better understanding of the mechanism and
behavior of erosion processes on the contact surface
during of an arc discharge. Furthermore, the overvoltage
in power systems can lead to an emergency shutdown of
their elements. A breakdown of insulation and damage
to the surface of conductors arise during ignition of an
arc discharge [3]. Hence, the power supply system fails
and needs immediate repair. The use of new electrical
materials will increase the lifetime of cables and
improve their performance.

Sometimes, so-called asymmetric electrodes from
different materials can be used in various practical
applications. The behavior of each kind material in
condition of arc discharge did not investigated yet
nowadays. Previously authors tried to study the erosion
intensity of asymmetric one-component Cu and Ni
electrodes in free-burning electric arc at current of
3.5 A. The content of metal vapour in discharge plasma
was determined by optical emission spectroscopy (OES)
[4]. The main aim of this work is similar investigation in
case of asymmetric copper and nickel electrodes in free-
burning arc discharge at current of 30 A.

1. EXPERIMENTAL SETUP

The peculiarity of experimental set-up and OES is
presented in details in paper [4]. Within the frame of
this work, the electric discharge was realized at arc
current of 30 A. To avoid the metal droplets appearing a
pulsing mode was used: the current pulse up to 30 A
was put on the “duty” weak-current discharge (3.5 A).
The pulse duration was ranged up to 30 ms. The quasi-
steady mode was investigated.

In this work, the polarity of vertically oriented upper
and bottom electrodes of DC arc in different
experiments can be able to reverse in the same manner
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as [4]. So, both materials, i.e. Cu and Ni were used as a
cathode or an anode in upper and bottom position.
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Fig. 1. Radial distributions of plasma temperature in
arc discharge between one-component Cu&Ni
electrodes at current 30 A, obtained with using Cu |
(open symbol) and Ni I (filled symbol) spectral lines

(A, A,0 — Cu in upper position; 0, ® 4,0 — Ni in upper
position; A, A, 4,0 — cathode in upper position;
0, O, ® — cathode in bottom position)
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Fig. 2. Radial distributions of electron density in
plasma of electric arc discharges between one-
component Cu&Ni electrodes at current 30 A (A, and m
— Cu in upper position; © and 4 — Ni in upper position;
open symbol — cathode in upper position; filled symbol
— cathode in bottom position)
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Fig. 3. Surface image of electrodes: a) Ni (cathode / upper position); b) Cu (anode / bottom position).

The dependence of electron density from temperature; (c) and radial distributions; (d) of copper and nickel vapours
contents in plasma of electric arc discharge at current 30 A
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Fig. 4. Surface image of electrodes: a) Ni (anode / upper position); b) Cu (cathode / bottom position).
The dependence of electron density from temperature; (c) and radial distributions; (d) of copper and nickel vapours
contents in plasma of electric arc discharge at current 30 A
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Fig. 5. Surface image of electrodes: a) Ni (anode / bottom position); b) Cu (cathode / upper position).
The dependence of electron density from temperature; (c) and radial distributions; (d) of copper and nickel vapours
contents in plasma of electric arc discharge at current 30 A
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Fig. 6. Surface image of electrodes: a) Ni (cathode / bottom position); b) Cu (anode / upper position).
The dependence of electron density from temperature; (c) and radial distributions; (d) of copper and nickel vapours
contents in plasma of electric arc discharge at current 30 A
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RESULTS AND DISCUSSIONS

The radial distributions of plasma temperature were
determined in the middle section of the discharge gap.
The technique of Boltzmann plot in the assumption of
local thermodynamic equilibrium (LTE) was used. Up
to 300 samples of registered radial distributions of
intensities for each copper and nickel spectral lines were
used to measure temperature. All radial distributions of
temperature for both types of voltage polarity and spatial
configuration coincide within the measurement error (see
Fig. 1). At the arc core, the plasma temperature is about
8000 K.

The electron densities were obtained from the half-
width of spectral lines Cul515.3 nm in case of
dominating quadratic Stark effect at arc current 30 A
(Fig.2). The measured radial distributions of
temperature and electron density were used to calculate
the equilibrium plasma composition and, respectively,
metal content in plasma (see Figs. 3-6,d). Moreover,
experimentally obtained data of electron densities and
temperatures can be plotted on the diagram in the
coordinates Ne and T (see Figs. 3-6,c). Additionally, the
curves of electron density in air plasma with different
contents of metal vapours as a function of temperature
can be plotted in these figures as well. As one can see, the
experimental points cross the theoretically calculated
curves for the content of metal in the amount of 1%. So,
these figures are serving as convenient tool in the simple
estimation of metal vapour content in plasma and erosion
properties of electrode material. In addition, the obtained
Ne (T) profiles are within the boundaries of the existence
of LTE in plasma. Finally, one can conclude that the local
thermodynamic equilibrium can be mostly realized in the
thermal plasma of the arc channel in the studied cross
section.

Moreover, the photos of electrodes’ surface were
proceeded for all electrode combinations (see Figs. 3-6,a, b).
The images were registered after processing of the
electrode surface by 30 ms pulse current of 30 A in the
amount of thirty pulses within 1 minute of DC arc
discharge at low current 3.5 A. One can see, arc erosion
mostly damages the surface of that electrode which is

used as a cathode. This conclusion wholly corresponds to
those in work [5]: erosion takes place in long arcs
predominantly at a cathode. A similar result was obtained
earlier for an arc discharge with a current of 3.5 A
between single-component copper and nickel electrodes
[4]. Usually, the erosion crater is formed on the surface of
a cathode, regardless of material of electrodes.

CONCLUSIONS

It was found in the study of plasma of electric arc
between asymmetric one-component Cu and Ni
electrodes at current 30 A by optical emission
spectroscopy, that:

— the local thermodynamic equilibrium can be mostly
realized in the thermal plasma of the arc channel in
the studied cross section;

— the total content of metals in the plasma varies with
the spatial location of the electrodes;

— the most intensive metal erosion takes place from
the electrode that is used as a cathode.
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IUIASMA AYT'OBOI'O PA3PAJA MEXIAY IVIABAIUMUCS Cu- U Ni-2JIEKTPOJAMU
A.H. Bexnuu, M.M. Knewiuu, C.A. ®Decenxo, B.®. bopeyxuii, JI1.A. Kpauko

HccnenoBann MHTEHCHBHOCTD 3PO3HOHHBIX IPOLECCOB CBOOOJHOTOPSIIEH 3JIEKTPUUECKON JYTH CHIIOH TOKa
30 A MeXIy acUMMETPHUYHBIMU OfHOKOMIOHeHTHbIMH Cu- m Ni-amekTpogamu. B cpeaHeM cedeHHMH paspsiiHOTO
MPOMEXYTKa C IOMOIIbI0O ONTHYECKOH SMHCCHOHHOW CHEKTPOCKOIMM HW3MEPSUIH pPaJHalIbHBIE pacTpeeleHUs
TEeMIIepaTypbl U 3JEKTPOHHOHW KOHLEHTPAIMH, KOTOPbIE OBUIM MCHOJB30BAaHbI JUIS pacueTa PaBHOBECHOTO COCTaBa
1a3Mbl. TakuM KOCBEHHBIM 00pa3oM MOKET OBITh OlIEHEHAa HHTEHCHBHOCTh HCIIAPEHUS JJIEKTPOJHOTO MaTepuara.

IIJIABMA AYT'OBOI'O PO3PSAAY MIXK IINTABKUMH Cu- TA Ni-EJJEKTPOJAMU
A.M. Bexnuu, M.M. Knewuu, C.0O. @ecenxo, B.®D. bopeuvkui, JI.0. Kpauko

JocmipkyBann 1HTEHCHBHICTD €pO3iHHMX IpOIeCiB BUIBHOICHYIOUOi eNeKTpH4yHOi ayru ctpymoM 30 A Mmix
ACIMETPUIHUMH OJHOKOMIIOHEHTHIMH Cu- Ta Ni-enekTpogaMu. Y cepeaHbOMY MONEePEeIHOMY Hepepisi po3psAHOTOo
MPOMIDKKY 32 JJOTIOMOTOIO ONTHYHOI €MiCIHOI CHEeKTPOCKOMIl BUMIpIOBAaH pafiajbHI PO3MOIIIN TEMIIEpaTypH Ta
€JIEKTPOHHOT KOHIIEHTpAIIi], SIKi BUKOPHCTOBYBAIM JUIS PO3paxyHKy PiBHOBa)XHOTO cKiamy ruiazmu. OTxe, y Takuit
HenpsMuii crocid Moske OyTH OLliHEHA IHTEHCUBHICTh BUIIAPOBYBAHHS €JISKTPOJHOTO MaTepiaiy.
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