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EROSION OF ELECTRODES DUE TO SWITCHING OF CAPACITOR-BANK DISCHARGE
CIRCUITS

Doc. G. M. Goncharenko, Ye. N. Prokhorov, sen. engineer

\\

'iThe erosion of the contact surfaces of the electrodes in
switches affects not only the service life of the electrodes and
their insulation but also the basic characteristics of the switches -
there is a variation in static breakdown voltages, operation lag
time, and variation in the operation time. One of the main

quantitative characteristics of erosion is the mass of metal ejected

from the surface of the electrode [1, 2, 3].'

This work is devoted to an experimental determination of the
mass of metal ejected from the surface of electrodes made from
different materials by weighing on a VT-1 balance and visual
observation of the surfaces being eroded. The geometry of the
electrodes and the size of the gap between them (Fig. 1) modeled the
construction of the electrodes and the conditions of the displacement

of craters under the effect of electromotive forces in the switches
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/of the discharge circuits of large capacitor banks,

The battery consisted of 22 IM-50/3 capacitors. The currents and
the amount of electricity passing in ihe period of one discharge (in
the time it takes the current to drop to 0 from its initial
amplitude) were controlled by varying the initial voltage on the
capacitors and the inductance of the discharge circuit. However, with
the oscillation period being constant, the electric discharge passing
through the discharge circuit changed simultaneously with the change
in current amplitude, which somewhat limits the possibility of

comparing the obtained results.

The experiments were conducted with Iyz= (0.12-1.2)°10°¢ A,
T=90 and 13 us, B-j%-and 25)°10° 1/s. The shape and the geometrical
dimensions of the electrodes are shown in Fig. 1b. Copper electrodes

also had dimensions as shown in Fig. 1c.

It was determined experimentally that the loss of mass from
copper electrodes in Figs. 1lb and 1lc is virtually identical. Fig. 2
shows the graphs of the amount of metal ejected from the electrodes
versus the amount of flowing electricity. Due to the attenuation
smallness of the current the wearing of both electrodes in the pairs
studied was independent of their initial polarity. The unevennesses

on the surface of copper electrodes due to erosion prove to be
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smaller independently of whether both electrodes are copper or just

= one of them. It is also necessary to note that at certain currents

|

- (see Table 1), the amount of metal ejected depends not only on the

: flowing charge but also on the current. The effect of the current's

- rate of change during the constancy of its amplitude and magnitude of

o

‘ the flowing charge is yet to be investigated.

. It was established that the first discharge left a trail on the '
> -

polished surfaces of any one of the materials used along the entire
length of the electrode (100 mm) at currents 2500 kA. As the
roughness of the surface increased the length of the path of the
movement of craters decreased during subsequent discharges and the
outline of the trail became ellipse-shaped, elongated in the
direction of emf action. In these instances, the area of the trail LZE?
f: takes up only part of the surface of the electrodes along their
: lenght. Further, beyond the boundary of the trail, we observed

precipitation of the transferred metal and the appearance of isolated

J
B projections measuring 1 mm in height. When the electrodes were
.A' : ‘J
- weighed, naturally, the mass of the transferred metal could not be N
5 taken into account. Thus, the metal mass ejected directly from the f
D - 4
.- activity zone of the discharge channel exceeds those given in Fig. 2. R
. .::<<'\
’ If the erosion surfaces of the electrodes are subjected to the effect fg$
o
- of subsequent discharges with current 1},::120 kA, T=90 us, the {ziw
D -
- unevennesses disappear and the surface becomes shiny. *3
)y .
o
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To illustrate mechanical loads, we note that with thin-walled
copper electrodes (§=2 mm), having the profile depicted in Fig. 1c,
there was pressing through of the eleétrodes to a depth of 3 mm at
currents /., a10°¢ A.

9 - ,A}Mﬁ'ﬂ </
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Fig. 1. Electrode structure.
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Fig. 2. Metal mass ejected from the electrodes as a function of the

charge that passed with T=13 us. Key: nr=mg xya=coulomb

Table 1. Wear of Electrodes. Pair: Cu-1X18H9T.
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Key: (a) Material; (b) Copper; (c) Stainless steel; ka=KA; MKceKk=usS; oY
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Kya=coulomb
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