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A method to identify and evaluate the depth of heating the contact details of switching devices based on a system of
spherical coordinat. Determine the temperature distribution of the electric arc switching contacts energized.

The purpose of research - to improve the mathemat-
ical model of thermal processes switching devices.

Materials and methods research - arc parameters
used and the method of thermal energy balance of the
electric arc during switching power electric vehicles.

Research results - first calculated value of penetra-
tion depth, electrical erosion, lifetime contacts with re-
search materials powder metallurgy and power electric
arc.

P=a-gradT, + AG -GT;

where: P — power released in the arc, Wt;
o — thermal diffusivity, m?/s;

T — limiting temperature of, °C;

J — hidden heat of vaporization, °C;

G — constant Stefan-Boltzmann law.

The method to determine the depth of penetration
contact details put the heat equation in spherical coordi-

nates:

where: T — temperature mass contact details, which
heats up, °C;

t — the duration of the arc energy, s;

o — the duration of the arc energy, m%/s;

r — distance from the reference spots curves, m.
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Since the size of the main arc is very small compared
with the surface of the contact details of the calculation of
the thermal regime of contact details is carried out using
the methods of a point source. Solution of equation (1) we
find so: we introduce the change of variables:
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Substituting (3), (4), (5) in equation (1) we obtain:
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Supporting the arc spot we view as a ball of radius R,
located inside the contact whose dimensions are much
more times the radius R (unlimited environment). The
initial temperature balls 0 <<R equal, and the temperature
is zero. Thus, equation (6) is seen in the following bound-
ary conditions:

U=Tyr,whent=0at 0<r<R;
U=0,whent=0 at r<R;

U=0whent=0atr>R.
Solution of equation (6) in this case will be the:
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Using smallness, we expand the integrand in a series
in powers and limit first by (3) members schedule:
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After integration (8) takes the form:
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Find the temperature distribution of the source in the
case of an end time. For this we use the known ratio:

mcdT = qlUdt (11)

where: m— supply source (spots), r;
¢ — specific heat, —;
kg - grad
I-current arc, A;

U — voltage drop in the arc, V;

g — electrothermal equivalent, xallj.

Define here E, whose value we substitute in (10) and
integrating over from 0 to obtain:
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Using the change of variables:
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2nd integral:
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We introduce the change of variables:
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Substituting the values of the integrals (13) and (14)

in (12), we have:
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This shows that the temperature of contact can not
exceed a certain maximum. The maximum surface tem-
perature of the electrodes we determined the thermal en-
ergy balance equations at the electrode by the formula:

P=a-gradT, + AG+GT, , (17)
where: P — power released in the arc, Wt;

o — thermal diffusivity, m?/s;

T — limiting temperature of, °C;

/ — hidden heat of vaporization, °C;

G — constant Stefan-Boltzmann law.

The above assessment showed that the maximum sur-
face temperature of contact details is 2400° K, which is
close to the temperature of the evaporation of silver.

The depth of penetration of the material contact parts
depends on the energy of the arc, physical and mechanical
properties of the contact material arcing time is deter-
mined by the expression:
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where: U, — voltage power supply, V;
I, — load current, A;
to — time breaking contact details, s;

by7zAyxc - ratio, defined thermophysical properties

of the contact material, J/(m?*Ks"?);
T — estimated melting temperature, K.

As can be seen from equation (18), to a depth of pen-
etration of the contact material affects the time of the arc
during switching current. Therefore, we can determine the
optimal time breaking contact details, where the depth of
penetration and erosion will be minimal:
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where: S — evaluation contact, which operates an
electric arc energy, mm;
P, — the average value of the power curves, Wt.

Evaluation maximum depth proplaviena the formula
(18) shows that its value is 0.5. Considering the micro-
structure of a longitudinal section of the electrodes can be
seen that the depth of penetration is on average 0.6.

Thus, the coincidence data and experimental data is
satisfactory, given the estimated calculation.

Conclusions. The depth of penetration of the materi-
al of contacts depends on the energy of the arc, spark ma-
terial properties contact time burning arc and is given by:
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where w — coefficient characterizing the type of load,
depending on the ratio of active resistance to the consum-
er Ry and its inductance L, and time-dependent release
contact to:

L, (21)

where: w - factor for the ratio between the sizes of
contacts;
T, — calculated melting point of contact material, K;

by 7zAy)c - ratio, defined physical and mechanical

characteristics of the material contacts, J/((m?Ks"?);

Uy — voltage current source, V;

Iy — amperage consumer, A;

to— time breaking contact details, s. As a result of the
calculations was the dependence of the lifetime of the
contacts on the amount of electricity transferred in the arc.
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AHHOTAIUSA

METO/I ONPEJEJIEHUS 1 OOEHKU I''1YBUHbBI
IOBPEKJIEHUSI NJETAJIM KOHTAKTA
KOMMYTAINNOHHBIX YCTPOUCTB

Panpko U. I1., Yepsunckuit JI. C., Hazapenko U. I1.

Paccmompen memoo onpedenenus u oyenxu 2mnyounsi
Hazpesa KOHMAKMO8 KOMMYMUPYIOWUX ANNapamos, oc-
HOBAHHBINL HA UCHOIb306AHUU CUCTEMbl CheputecKux
Koopounam. Ymo noszsonsem onpedenums pacnpeoeie-
HUe MeMnepamypbl d1eKmpUdeckol 0yeu NnepexknioyeHus
8271Y0b KOHMAKMOB.

AHoOTALIA

METOJA BUBHAYEHHSA I OIHKHU I'NIMBUHA
INOIKO/KEHHA TETAJII KOHTAKTY
KOMYTAIIHMHAX ITPUCTPOIB

Panpko 1. I1., Yepsiacekwuii JI. C.,
Ha3zapenko I. IT.

Posensanymo memoo eusnauenns ma oyiHku 2auOUHU
HA2Pi6aHHsl KOHMAKMIG KOMYMYIOUUX anapamis, OCHO8A
HUll HA GUKOPUCMANHI CUCMeMU CEepUutHUX KOopOuHam.
Lo 0ossonse eusnauumu po3noodileHHs memMnepamypu.
enexmpuyHoi dyeu nepemMuKanis @ 21ub KOHmMaxmie.
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