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and analyzed concerning the quality and
accuracy of the results [1]. For this purpose the
nozzle geometry is chosen from a reference case
The determination of the spatial arc resistanceroviding detailed information on the arc
distribution is one option to gain deeper insightesistance characteristics from investigations
into the physical processes during currentising other optical measurement techniques [2].
interruption in high voltage circuit breakers. AThe arc resistance distribution is determined in
measurement system capable of measuring théxperimental investigations with different values
spatial arc resistance distribution by means ofor the current steepnesgdi.

capacitive field probes is applied to a circuit
breaker model equipped with a Laval nozzl
geometry which has previously been investigate
using optical measuring methods. According to
these investigations, which serve as referencEhe€ measuring principle for the indirect
case, the spatial arc resistance distribution ig1easurement of the spatial arc resistance
determined for varying current steepness value§listribution is based on the electrical field
Comparing the results a general agreeme,ﬂurrounding the arc and is SChematica”y depiCted
between the determined arc resistancéh figure 1. The investigated arc burns between
distributions and the results from the referencéwo arcing electrodes inside an insulation nozzle.
case is observed. The functionality of thelhe axial arc resistance distribution is assumed
measurement system is confirmed for botf0 be describable by a series connectionnof
successful and non-successful  switchingingle resistors R where each valueR
operations. Uncertainties and differences in th€orresponds to a voltage drop along the axis of
obtained arc resistance distributions ardhe arc.
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The ongoing optimization of today’s switching nozzle

technologies requires a deep understanding of the e —
physical processes during the interruption =
process in high voltage circuit breakers. One 0fig. 1 Measuring principle (sketch) [3]

the aspects related to the interruption capability

of gas blast circuit breakers is the spatial ar@y measuring the potential drop along the arc
resistance distribution of the switching arc whichaxis the resistance distribution can be determined
can provide insight into the cooling processesaking the total current into account. In order to
during current interruption. A measurementmeasure the arc potential, a sensor electrode is
system, which allows the contactless and norplaced between the cylinder and the nozzle. A
invasive determination of the spatial arcconductive shielding housing which is mounted
resistance distribution of an axially blown around the nozzle is connected to ground and
switching arc by means of capacitive fieldserves as reference potential. Between the sensor
probes, is applied to a Laval nozzle geometrglectrode and the grounded housing a cap&ity
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occurs. This results in a capacitive field probelnductances L;...L;,=1.9mH and capacitors
Placing multiple sensors along the axis of the ar€,;...C, = 0.7 mF are selected. The remaining
allows the determination of the potentialelements are Cp=17.3nF, R:z=19.5 M),
distribution. Each sensor measures a partidls=0.71 mF, C=97.7 nF and R=0.87 K.

voltage of the arc [3]. Two inductances with L=0.22mH and
L = 0.525 mH are available in order to adjust the

3 EXPERIMENTAL SETUP prospective steepness/dl of the test current
' towards current zero crossing. Thus both
successful and non-successful current

A test device with a Laval nozzle geometryinterruption experiments are achieved and
according to the reference case is used for the airvestigated. The resulting shape of the test
resistance measurements (see figure 2). Asurrent and arcing voltage is shown exemplarily
quenching gas nitrogen N at a constant in figure 4. In this example the circuit breaker
blowing pressure of 10 bar (abs.) is used. model is not able to interrupt the test current in
Connection for the first current zero crossing (i.e. a thermal re-
quenching gas . . .

ignition), but only in the second current zero
crossing §t ~1ms.
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Fig. 2 Cross-sectional view of the circuit breakeodel Fig. 4 Exemplary test current and arc voltage

The investigated nozzle is made of
polytetrafluorethylen (PTFE). Arc ignition is 4 DETERMINATION OF THE SPATIAL

achieved by means of an ignition wire. In orde®®RC RESISTANCE DISTRIBUTION
to avoid a virtual enlargement of the high voltage

electrode, i.e. accumulation of hot gaspor the evaluation of the arc resistance
surrounding the high voltage electrode, both theheasurements according to the reference case the
ground and the high voltage electrode are drilledontact gap is divided into five different arc
out so that hot gas in front of the arcingsections. These arc sections, their particular
electrodes can pass through [1]. The field probegngth and the corresponding axial positions of
for the determination of the arc resistancene sensor layers are depicted in figure 5. Section
distribution are arranged in multiple layers alongg corresponds to the laminar flow section
the arc axis with groups of four probes per layer.ypstream of the nozzle throat, sectidms- e

_ correspond to the turbulent flow section
According to the reference case the test current {gownstream of the nozzle throat [2].

generated with a pulse forming network
providing a rectangular shaped current of several
milliseconds duration with a variable current
steepness towards current zero (see figure 3) [2].
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Re [[} G The waveform of a measured arc current, arc
voltage and the total arc resistance is depicted in
figure 6 for a successful current interruption with
use of the inductancd =0.525mH and a

Fig. 3 Test circuit according to the reference cdgg (DUT: resulting current steepness ofdtl = 6.46 A[LS
Device under test, SG: Ignition spark gap, MS: Mglkswitch) ) '
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T i the relative resistance of the turbulent arc sactio
NG ] émo\h/\ c decreases to less than 5% of the total arc
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the band diagram in which the relative resistancg_ . .
. . . g. 7 Measured current, arc voltage and total aesistance with

of each arc section is represented by the width (at:termined relative axial resistance distributiam hon-successful

the corresponding band. Since the sum of all ar@irent interruption due to thermal failure (di/et22.6 Aks)

section resistances is equal to the total arc

resistance, the sum of all bands is always equal ANAL YSIS AND COMPARISON TO THE

to 1. From the relative resistance distributiois it REFERENCE CASE

observed that during the high current phase until

t= -8 us, the laminar arc resistance (sectns _ h . . L : h

about 20 — 25 % of the total arc resistance. Frorﬁl:”ng the previous |nve|st|gat|on§ n tde

t~ -8 us the relative resistance in the laminar ard€ference case, experimental test series witlt

section decreases and the resistance in ti@ues in the range ofi/dt=20...50 A/us at a
turbulent arc sections (especially sectitnand duenching gas pressure of 23 bar are performed

¢) increases significantly. The resistance of thVith an investigated nozzle geometry similar to

arc section in front of the ground electrodethe nozzle used for the experiments presented in

(sectione) is decreasing from more than 30 %the context of this contribution. A comparison of

during the high current phase to less than 5 (%1e laminar arc section resistance characteristics
after current zero. After current interruptionin relation to the total arc resistance is depicted

(t>0s) the laminar arc resistance (sect&n

in figure 8. From both the experimental results
increases to almost 50 % of the total resistance, @1d the results from the reference case it is

observed that during the high current phase the
In comparison to this, the waveform of an arcdominating percentage of the arc resistance is
resistance measurement for a non-successfﬁpta'”ed in the laminar arc sectianFirst in the
current interruption due to a thermal failure isV/CiNity of current zero, the contribution of the
depicted in figure 7. Due to the use of thelamlnar arc section to the total arc resistance

inductanceL = 0.22 mH a significantly higher decreases. In contradiction to the results from the

current steepnessi/dt = 22.6 Afis is achieved. reference case, it is indicated in the present
From the relative axial arc resistance distributio?vestigations that att>2ys after current

it is observed that during the high current phasiltérruption the contribution of the laminar arc
until t~-5us, the laminar arc resistance inSECtion to the total resistance increases again.

sectiona is about 40 % of the total arc resistance, T T T ] u R R, [
whereas the turbulent sectiongndc are about e —R_. R,
20 % of the total resistance. Towards current 80-43L__ Z __H H b

zero, the relative laminar arc resistance decreases 0-3;;_;[ = N i E
to less than 10 % at 2 us and sectionb andc 0.2 S

account for the dominating percentage of the arc 0.1# W W T»

resistance with about 40 % of the total arc D RN a

resistance. After the thermal re-ignition at Time [ys]

~ i i i@nai Fig. 8 Relative arc resistance in laminar arc sentifor successful
F 2 HS the _rela_lt_|ve resstqnce of Se(.:tl ndb current interruption from [2] and from test seriegth L = 0.22 mH
increases significantly while the resistance of theyig: = 11.3 Ais)

other arc sectiong d ande decreases. Especially

Rel. resistal




In addition, the specific arc resistance values 0. CONCLUSION AND OUTLOOK

the laminar and turbulent flow section are

compared in figure 9. The results from both théy measurement system for the determination of
reference case and the investigations in thighe gpatial arc resistance distribution of an
research work indicate that in the vicinity of 55iaily blown switching arc has been analyzed
current zero the values of the specific resistanc&yncering the quality of the resultst is

as well as its temporal growth rate after currénppserved that during the high current phase the
zero are significantly higher in the turbulent arcy;c resistance in the laminar flow section
section (especially sectiob, positionc in the ~ accounts for the dominating percentage of the
reference case respectively) than in the lamingpyq) arc resistance. First in the vicinity of @mt

arc section (sectiom, positiona andb in the  zerg the relative laminar arc resistance decreases
reference case) [2]. and the relative resistance in the turbulent flow

gzzz :‘xzz‘zzggz‘: 1 Zecti'on significantly  increases. Thus  the

S ol Acsectone | L T ominant role of _th_e turbulent arc section

3 ||==-Posiiona,b [2] relevant to the decision of successful or non-

§ 200=="Posttone 1] j successful current interruption is confirmed.

g 10 a ] Comparing the measurements to the results from

£ 10 —— a reference case a general agreement is observed.

& 0 — - _ﬁF—; In future investigations the measuring accuracy
% 4 3 2 1_0 1 2 3 4 5 of the measurement system could be increased
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Fig. 9 Specific arc section resistance values rdiaccessful current by detailed analyS|s of arc instabilities. Here

interruption from [2] and from test series with Le=22mH  further information on the arcing behaviour
(difdt = 11.3 Aks) could be obtained from optical investigations, for

Differences in the observed values of the relativtgXamlole by means of viewing slots.
and absolute specific resistance result from the
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