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Modelling the Effect of External Disturbances in Static
Characteristics of Unspecified and Determined Ignition
Voltages on Dynamic Characteristics of Arc in a Circuit with
Current Excitation. Part. 2. Simulation Test Result

Abstract: The mapping of nonlinear current-voltage characteristics of static arc
with unspecified and determined ignition voltage involved the use of approximation functions (various modifications of the Ayrton and Nottingham equations).
In addition, parameters of the above-named functions (power, voltage, resistance) depended on one selected disturbing parameter (length, gas mass stream,
gas pressure). To this end, approximations based on power functions were used.
The simulation of processes in circuits with forced sinusoidal current and electric arc involved the use of the Pentegov mathematical model. Selected parameters of created models were disturbed using specific rates of change. The study
demonstrates the effectiveness of applied approximations in the form of voltage-current characteristics of dynamic arc.
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Introduction
Disturbances of the electric arc column may
be triggered by the desirable control-related
operations or undesired interference. The extension and the reduction of arc belong to the
most common methods used to control the
power of electric discharge, triggered by mechanical factors (movements of electrodes or
barriers in ducts or the transverse flow of gas)
or electrodynamic factors (activity of external magnetic fields). Changes in the gas mass
stream may result from the necessity of obtaining appropriate temperature, gas enthalpy or
the rate or pressure of a gas stream on the surface of a workpiece. The burning of electric arc

in environments characterised by various pressure results from the use of this “tool” for the
performance of various metallurgical processes
in furnaces and chemical processes in reactor
chambers. Light technique utilises arc characterised by higher light (radiation) in gases
of appropriate pressure.
By undertaking some protective measures
it is possible to significantly reduce the effect
of factors disturbing the burning of arc. The
above-named measures include the stabilisation
of the column position through the longitudinal
flow of gas or by means of constrictor walls, the
thermal insulation of the discharge area, the interaction of arc with laser radiation etc.
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Fig. 5. Dynamic characteristics of arc subjected to disturbances
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mass stream washing
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operation, after 0.5 s there was a stepped increase in the gas stream of 4·10-3 kg/s. In addition,
in terms of Figure 6, arc was in a chamber filled
with gas under an initial pressure of 1·104 Pa,
where pressure grew at a rate of 2·105 Pa/s for 1 s.
During the above-named operation, after 0.5 s
there was a stepped increase in the gas stream
of 8·104 Pa. The above-presented diagrams of
arc of static characteristics with unspecified
a)

b)

and determined ignition voltage are characterised by very high similarity. Because of the
fact that arc is a dissipative element in the electric circuit, dynamic current-voltage characteristics pass through the origin of coordinates
(0, 0). Slight divergence of the figures from theory result from the numerical integration step
adopted by the programme and the low precision of the graphic programme.

Concluding remarks

Fig.
6. Dynamic
characteristic
of arc characterised
Fig. 6. Dynamic characteristic of arc characterised by
unspecified
ignition
voltage subjected
to gas
pressure
disturbances
in
the
chamber
arc
of varpressure disturbances in the chamber with arc1. The activity of external disturbanceswith

ious physical nature enables the obtainment
of very
similar current-voltage
characterisConcluding
remarks
Concluding remarks
tics of1. arc.
The activity
of enables
externalthe
disturbances
of vario
1. The activity of external disturbances of2. various
physical
nature
obtainment
The mathematical
model
of arc subjected
to of
similar current-voltage
characteristics
very similar current-voltage characteristics ofexternal
arc.verydisturbances,
discussed
in the arti- of arc
2. Thedisturbances,
mathematical
model
ofinarc
utilises
the
derivativediscussed
of the column
volt- to e
2. The mathematical model of arc subjected cle,
to external
thesubjected
article,
Fig. 4. Dynamic characteristics of arc subjected to length
age in relation
to thederivative
parameter. The
appliedvoltage
utilises
theapplied
column
the derivative
the column voltage in relation
to the
the parameter.of
The
disturbancesutilises
of: a) unspecified
ignitionofvoltage;
approximations of data with power function
b) determined ignition voltage (IM = 2A)
data
with
power function
approximations of data with power function 𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐 (approximations
𝑚𝑚̇) may
may impose
impose of
the
lower
restriction
ofofgas 𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐
the
lower
restriction
b)
a)
mass
streamhave
𝑚𝑚̇ >their
0.. However,
very
gasof
mass
stream
However,
verylow
lowvalues o
mass stream 𝑚𝑚̇ > 0. However, very low values
the stream
physical justification,
values of the stream havefortheir
physical
instance,
in thejusform of n
for instance, in the form of natural convective flows.
tification, for instance, in the form of natu3. In the mathematical
modelling
of function
electric arc c
3. In the mathematical modelling of electric arc
characterised
by a very low
damping
ral convective
flows.
value,
the application
of current
IMdynamic
> 0 A enab
3. enables
In the
mathematical
modelling
of of
electric
value, the application of current IM > 0 A
the more
precise
description
arc characterised
by aasvery
low the
damping
characteristics
result,
limitation of v
characteristics and, as a result, the limitation of values
of voltageand,
higher aharmonics.
function value, the application of current
IM > 0 A enables the more precise description of dynamic characteristics and, as a reFig. 5. Dynamic characteristics of arc subjected
to disturbances of gas mass stream washing around
sult, the limitation of values of voltage higher
the column of: a) unspecified ignition voltage;
harmonics.
b) determined ignition voltage (IM = 3A)
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