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Welding when contacts close electrical circuits
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The paper presents analysis of the welding due to pre-arcing contacts and due to
bounce arcs. Welding happens following arcing at make or break where the arc roots
generate over 10 times more heat than seen in the former constriction example and thus
melt and soften the contact material, arc welding. The higher the value of velocity of
contact closing, the shorter the arcing time. High velocity has a negative aspect since it
causes bouncing of contacts finger from the butt. Welding caused by solidification of a
molten metal bridge is an extreme case of resistance welding. The welding force
increases during the early operation cycles.
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Introduction

When a interrupter’s contacts close in a power circuit, there will be a period
before they touch when the electric field across them will be high enough
for breakdown to occur. This will give rise to a “prestrike” arc, which will form
between the contacts and will carry the power circuit’s current. If the current is
high enough (e.g., in a fault current situation), it is possible that the contact
surface will melt. Where they touch a small weld can form. Arcing also can
continue is the contacts bounce once they have initially touched [1—4].

In a single-phase circuit and a three-phase grounded circuit, once a break-
down occurs in a single interrupter the circuit current will flow. The breakdown
of the contact gap occurs at the moment of equalising of contact gap dielectric
strength u,, (¢, f) with the momentary value of the voltage u(¢) applied to the gap
(fig. 1).

Assuming that the breakdown voltage is proportional to the distance
between the contacts, and that it is not polarity-dependent, it is possible to
determine the time t, when the breakdown occurs during current switching on
from the relation [5]:

U,sinotd =Ev (1, -1,)=Evt,, (1)
where E, = E; — critical value of electric field strength; #, — moment of
breakdown of contact gap; t, — moment of contact closing; v, — closing

velocity of the contact gap; ¢, — the arcing time.

In the operation of switching on an alternating current circuit, the signal to
make the electric switch usually is not correlated with the voltage phase, so
breakdown may occur at various distances between contacts, and at various
moments, i.e. at various voltage phase angles. Hence, the arc duration may be
different for each current switching on. The arc duration #, = £, — #, depends on
the velocity vs of contact closing, and on the electric field strength value E. [6, 7].

In a three-phase ungrounded system, under voltage between phases, the
flashover takes place simultaneously in the contacts of two phases and then in
the third pole of a switch (fig. 2).
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Welding of closing contacts

The formation of the weld between the interrupter’s contacts is a complex
function of multiple variables. Some of these include the value of the circuit
current, the steepness of a wave front of a pulse of a current, whether or not
arcing occurs, whether or not the contacts are closed or are closing, the contact
material, the structure of the contact’ surfaces, and the design of the mechanism
in which the interrupter operates [8—12]. In this section, I will develop the
concepts of contact welding in a vacuum interrupters during closing contacts.

On closing the contacts, the prestrike breakdown might be expected to
occur at a longer gap and result on a longer arcing time. This, in turn, may result
in a larger molten pool and a stronger weld after the contacts have mated.

Assuming that the course of short-circuit current in pole of switch is defined
by i(?), the energy emitted in electrical arc W, during of make-time ¢, , can be
determined from relationship

W, = j u,i(t)dt = E, jz (1)i(t)dt = E, j i(6)(d, —nV.0)dt- 2)
0 0 0

where u, — electrical arc voltage drop, V; i(¢) — short-circuit current, A; E,—

critical value of electrical field between contacts, V/m; n — number of the
contact gaps in one pole of a switch; ¢, — the switching-on arc duration, s; d; —
distance between contacts, m; ¥, — average value of the velocity of contacts

closing; I, — length of arc, m; [ (t) =d — nl7st )

On the base of expression (2) we can ascertain, that the switching-on
energy:

a) decreases with increasing value of product » IZ ;

b) grows as a function of voltage;
¢) is proportional to the value of electrical field E. ;
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d) can be accordingly small, if during the arc duration, the current i(t)
doesn’t reach its peak value, ie. if #, < .

In general, the higher the value of velocity v of contact closing, the shorter
the turn-on time. Resulting is a shorter time of arc duration that enhances the
life of the electric switch. High velocity has a negative aspect since it causes
bouncing of contacts finger from the butt.

Before the contacts finally touch a vacuum breakdown of the contact gap d,
will occur when the electrical field between the contacts equals a critical value
E. given by

£ =P, 3)
dS

where Up — breakdown voltage; 8 — enhancement factor (B=8,-8,); B, —

geometric enhancement factor; 3, — microscopic enhancement factor.

Once the vacuum breakdown occurs, a vacuum arc is formed, which
continues to burn until contact is established between the two contacts [3, 13].
The first operation in the sequence for both contact materials always
occurs at the shortest contact gap, has the shortest arcing time and contact
touch occurs at the lowest current. Thus, the total energy into the arc roots is
much less than it is for subsequent close and latch operation [12]. Because the
new contact surfaces will have a more or less uniform _, we can assume that

the first breakdown will be in the region of the maximum f_; that is close to the
contacts’ edge.
It is possible to obtain an estimate of the maximum weld force Fj, by

making some simply assumptions. The volume of metal in the contact region
that is melted is assume to be a sphere whose radius (a) is the radius of the weld
in the area A, . It is also assumed that almost all the energy from the welding
current is used for adiabatic heating of this spherical melted region [3]. The
energy W, to melt the contact region is

We =mle, (T, =T))+c.], (4)
where m — the mass of material melted; ¢, — the specific head; 7, — the
melting temperature; 7, — the initial temperature; ¢, — the latent heat of
fusion.

If all the energy is used to melt the contact spot, then
We = [Uci()dt, (5)

where U — the voltage measured across the contacts.

The maximum weld force that would be expected to occur for different
materials are given below [3]:
for silver: Fj, = 67WC2/3; (6)

2/3

for copper: F,, =127W.""; (7)

The energy into the contact spot during contact closing is a complex
function of: energy from the breakdown arc + energy from the bounce arc(s) +
+ energy from contact spot heating.
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As the two contact surfaces make impact, the energy of impact is dissipated
by a rebounding of the contact resulting in an arc with a subsequent closure of
the surfaces. Such action can provide conditions for contact welding.

The maximum welding force as a function of the energy from the bounce
arc (s) input into the contact spot for different contact forces F are presented at
fig. 3.

In this figure, you can see that the higher value contact forces F' the lower

value of welding forces Fj, [14].

The tendency of Cu to form strong welds when closing on high currents in
vacuum prevented its use in practical vacuum interrupter designs. Thus,
mixtures of materials that cannot be contemplated for application in gaseous
environments such us air or SF¢ can be considered. For example, Cu-based
material with other metals added to increase its weld resistance by reducing its

mechanical strength from one side and reduce energy . to melt the contact
region [3, 15].

The optimum ratio of Cu to Cr has not been universally accepted for all
vacuum interrupter designs and for all vacuum interrupter applications. There
have been studies that show a Cu—Cr (50% (wr.) works well. Indeed a high Cr
content contact will have a good resistance to welding [3, 13]. On the other
hand, increasing the Cr content and the decreasing Cu content will lower the
contact’s thermal and electrical conductivities.

Values of Fj, less than those calculated by knowing W, are frequently

observed and can be explained by a combination of a number of possible
physical effects [3]. For example, if the arc roots on the contacts move, the
melted spot may not be exactly opposite to each other when the contacts finally

come to rest, thus reducing A, . If the arc duration ¢ is great enough, the heating

of the contact region will not be adiabatic and the effect of heat conduction
into bulk of the contact has to be considered. If the arc is very long, not all the
arc energy goes into heating the contact spots: for example, some is lost by
radiation and some is lost by radial conduction of heat. The bounce time of the
contacts can be complex with the contacts opening and closing a number of
times during one closing operation. Also during the bouncing the contact spot
may vary from bounce to bounce. Thus, the exact value of the energy into the
final melt zone is not easy to determine. Finally, the contact surface itself can be
different from the bulk metal.

In practical switching device that employs a vacuum interrupter in a well-
designed mechanism, it can be seen from voltage or current records whether or
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not the mechanism will provide enough force (energy) to break any welds that
may form.

Conclusions

The welding contact closing is proportional to energy from the breakdown
arc, energy from the bounce arc(s) and energy from contact spot, heating.

All these energies are proportional to the value of the current, the steepness
of a wave front of a pulse of a current and arcing, bouncing times.

The contact materials ought to have satisfactory current interruption ability,
reasonably high-voltage withstand capability and did not readily weld.

The contact force has positive influence at the lower value of welding
forces.
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3BaproBaHHA KOHTAKTIB NPH 3aMUKAHHI
€JIeKTPUYHOI0 KOJIa

Cranicna Kymnac

Cmammsa aense cobol0 aHaniz ymo8 36aplo6aHHs KOHMAKmMiG. 36aplosanis
8i00y8acmbCs AK HACAIOOK BUHUKHEHHS [ 2aCiHHA Oyeu, mam Oe Mmeni08UOLIeHHs Hd
nopsa0ok binvute, 0e Mamepianr po3m AKWYEMbCA, NIAGUMbCA | MAE Micye 36apioGaHHS
Koumakmie. Hum euwge weuUOKicmos 30UdNCEHHST KOHMAKMIE, MUM KOpOmuie 4dac
0y208020 @énaugy. Bucoka weuokicms mMae He2amuGHUil @NaUG, OCKINbKU Ye GUKIUKAE
BI0CKOK KOHMAKMHUX NAIbYi8 6i0 3’ €OHAMHA. 36aprO8aHHs, BUKIUKAHE MBEPOiHHAM
Memany po3niaeieHo20 MiCmKd, € SPaHUYHUM GUNaokom onopy 3eaproganus. Cuna
36apIOBAnHA 30iTbULYEMBCS HA NPOMA3T PAHHIX YUKTIE KOMYMayii.

Kniouoei cnosa: konmaxmu, yac 20pinHs 0yau, cnigyoapsiHHs, KOHMAKMIe, 36aplo6aHHsL.

CBapuBaHue KOHTAKTOB NP 3aMbIKAHUM
3JIEKTPUYECKOM Lenu

Cranncnas Kymac

Cmamows npedcmasisem coboul ananus ycnosutl ceéapusanusi. Ceapusanue npoucxooum
C1e00M 30 BO3HUKHOBEHUEM U 2auleHuem 0YyeU 8 OCHOBAHUU Jyau, 20e MenoebloeneHuUe
Ha Nops0oK 0onbute, NPU SMOM MAMEPUAT PASMASYACCS, NIAGUMCSA, UMeenm MeCmo
oyeosas ceapka. Uem @viute ckopocmb cOMUdiCeHUsi KOHMAKMOB, MeM KOpoue peMs
0y208020 6030elicmausi. Bvicokas ckopocmb umeem ne2amugHoe GausHue, mak KaK 9mo
6bI3bI6AC OMCKOK KOHMAKMHbIX nanvyes uz coedunenus. Ceapusanue, 6bl36aHHOE
3ameepoesanuem Memaiila paAchilagieHH020 MOCIUKA, SGIAEMCs NPEOeibHbIM CyYaem
conpomusnenus ceapuganuro. Cuna c8apueanus y8eIuyuedaemcs 8 meuyeHue PaHHux
YUKTI08 KOMMYMAYULL.

Kniwouegvle cnosa: rkowmaxmol, 6pems copenusi Oyeu, coyoapeHue KOHMAKMOS,
ceapusanue.
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