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B. di/dt of current zero-crossing point under different
harmonic frequencies

Under the conditions of fundamental wave current 500A
and harmonic current 200A (harmonic content rate 40%), the
change of arc current zero-crossing point under different
harmonic frequencies is shown in Fig. 4. It can be seen from
the Fig. that in the presence of harmonic currents, the arc
current change rate at the zero crossing point is greater than
the current change rate at the power frequency arc zero
crossing point. Among them, when the harmonic content rate
is 40%, the current change rate at the 5th, 7th, 11th and 13th
Zero-crossing points is 2.7 times, 1.6 times, 4.7 times and 5.9
times that of the power frequency respectively.Avoid
combining SI and CGS units, such as current in amperes and
magnetic field in oersteds. This often leads to confusion
because equations do not balance dimensionally. If you must
use mixed units, clearly state the units for each quantity that
you use in an equation.
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Fig. 4. di/dt of current zero-crossing point under different harmonic
frequencies
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The arc process in the circuit breaker breaking process is
the result of the combined effect of electron ionization and
dissipation, and the gas temperature in the arc extinguishing
chamber has a huge influence on both. The greater the
change rate of the arc current at the zero-crossing point is,
the gas energy in the arc extinguishing chamber is too late to
dissipate. Under this working condition, the higher the
temperature in the arc extinguishing chamber, the longer it
takes for the SF6 gas to change from a conductor to an
insulator through dissipation, which is not conducive to the
success of the circuit breaker. Switch off. It can be seen from
Fig. 4 that as the harmonic frequency increases, the greater
the zero-crossing arc current change rate, the more
unfavorable the successful opening of the circuit breaker.

C. Arc voltage under different harmonic frequencies

Under the conditions of fundamental current 500A and
harmonic current 200A (harmonic content rate 40%), the arc
voltage changes at different harmonic frequencies are shown
in Fig. 5. Under the power frequency current, as the contact
distance increases during the opening of the circuit breaker,
the arc length increases, and the arc resistance increases. The
arc voltage presents a nearly linear growth trend in the early
stage. When approaching the current zero-crossing point, the
current drops, the temperature in the arc extinguishing
chamber drops, and the telephone resistance increases
sharply. At this stage, the arc voltage presents a rapid rise
trend, and the -current zero point drops to zero
instantaneously as the arc extinguishes. Under the power
frequency current, SF6 fully demonstrates its excellent
performance in arc extinguishing, that is, the arc voltage is

low in the arc phase, the waveform is stable, and the arc
voltage rises very quickly during the zero-crossing phase.
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Fig. 5. Arc voltage under different harmonic frequencies

When there is a harmonic current, the arc voltage
fluctuates in the early stage under the influence of arc current
fluctuations, and as the harmonic frequency increases, the arc
voltage fluctuates more severely. When approaching the
current zero-crossing point, the existence of harmonics
reduces the arc voltage amplitude and rise rate, which is
more obvious in the case of the 11th and 13th harmonics.
This is because under harmonic conditions, the zero-crossing
current change rate is large, the heat in the arc extinguishing
chamber is too late to dissipate, the gas conductivity
decreases slowly, the arc voltage amplitude is low, and the
rising rate becomes small. When the harmonic current exists,
it reduces the excellent performance of SF6 gas in arc
extinguishing.

D. The temperature and pressure distribution of the arc
extinguishing chamber under different harmonic
frequencies

During the breaking process of the circuit breaker, the
temperature in the arc extinguishing chamber reflects to a
certain extent the performance of SF6 gas thermal ionization
and electrical conductors, and the pressure reflects to a
certain extent the strong gas blowing generated by the
pressurized cylinder. The temperature and pressure of the
area on the axis below the nozzle are selected, as shown in
Fig. 6.
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Fig. 6. Schematic diagram of the temperature and pressure monitoring area
in the arc extinguishing chamber

Under the conditions of fundamental current 500A and
harmonic current 200A (harmonic content rate 40%), the
temperature and pressure in the arc extinguishing chamber
under different harmonic frequencies change with time as
shown in Fig. 7. It can be seen from the Fig. that the overall
temperature in the arc extinguishing chamber under different
harmonic conditions is higher than the temperature under the
power frequency, and the existence of harmonics causes the
temperature in the arc extinguishing chamber to fluctuate.



With the increase of the harmonic frequency, the temperature
fluctuation becomes greater. obvious. The pressure in the arc
extinguishing chamber presents a wave-shaped upward trend
over time, and the pressure change trend under different
harmonic conditions is less different from the power
frequency. It can be considered that there is no influence on
the pressure in the arc extinguishing chamber under
harmonic conditions.
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(a) The temperature distribution (b) The pressure distribution

Fig. 7. The temperature and pressure distribution of the arc extinguishing
chamber under different harmonic frequencies

IV. CONCLUSION

1) The existence of harmonics in the system will cause
the delay or advancement of the current zero-crossing
time. Among them, the fundamental current is 500A, and
the harmonic current is 200A (harmonic content rate is
40%), the 5th harmonic is delayed by 0.65ms, and the 7th
is delayed. , 11 times and 13 times are advanced by
1.25ms, 0.65ms and 0.45ms respectively..

2) The existence of harmonics in the system will cause
the current change rate di/dt to increase significantly at the
time of the current zero crossing point during the breaking
of the circuit breaker, and with the increase of the
harmonic amplitude, the di/dt becomes larger.

3) The presence of harmonics will cause the arc
voltage amplitude and the rise rate to decrease at the
moment before zero crossing during the breaking of the
circuit breaker.

4)The existence of harmonics will cause the
temperature of the arc extinguishing chamber to increase
during the breaking of the circuit breaker.

5)The influence of the above harmonics on the
breaking process is not conducive to the successful
breaking of the circuit breaker.
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