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Problem F

A circuit breaker is a switch which isolates fault equipment from the electric power system by
interrupting a large fault current in a short time. Figure 1 shows a schematic of an air circuit breaker.
When the contacts are opened in air to interrupt a large current, an arc discharge is formed between
the opened contacts and the current is not interrupted immediately. In the case of ac-current
interruption. the arc discharge is extinguished and the current is interrupted at the current zero-crossing
point. if the contacts are apart sufticiently long at that time. Answer the following questions.

_ Arc Movable
discharge _ contact

Fixed
contact

Fig. |

(1) Arc discharge and glow discharge are sustained discharges. Explain the feature of each discharge
from the viewpoint of electron emission and ionization processes in a few lines.

(2) Except for the above mentioned air. what are used to extinguish the arc discharge in circuit
breakers in electric power systems? Explain also the reasons in a few lines.

[n the case of dc-current interruption. an additional circuit is required since there is no current zero-
crossing point. Figure 2 shows an example of such a circuit where an inductance L and a capacitance
C are used in addition to a circuit breaker CB. R is the resistance of the lead wire of the circuit. This
circuit can produce a divergent oscillating current to create current zero-crossing points. At the initial
condition. the circuit breaker is closed and dc current [, flows through it. At 1 = 0. the contacts in the
circuit breaker are opened and an arc discharge bridges between them immediately. Answer the
following questions.

(3) Let the current flowing through the circuit breaker be /, . and the voltage drop due to the arc
discharge be V.. Derive the circuit equation which I, satisfies.

(4) While the arc discharge is maintained, a linear relationship expressed by Eq. (i) with a negative
slope holds between ¥, and /, as shown in Fig. 3.
Ve ==a(l, =1,)+V,,
where > 0.

(i)

Find the condition for / to have a divergent oscillation form. It is assumed that V is kept

positive for the range of the current /, supposed in this question.

(5) Find the expression of /(¢) as a function of time 7 under the condition of Question (4). and sketch
the graph of /,(f). Suppose that the arc discharge is extinguished at the first current zero-crossing
point.
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