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2. If the high power factor (p.f) of current load is delivered, then the severity is less. 

3. Reactance drop i.e L affects frequency and voltage. 

4. Armature reaction reduces TRV 

5. Phase factor (more severe for first pole that is opened) 

Re-ignition 

If  the C.B contact space breaks down within 1/4
th

 of natural frequency or if it takes more time or 

above 1/4
th

 of a cycle, it is restriking. 

Vr =K1 K2 K3 Vmax sinϕ 

K1 = factor of demagnetization 

K2 = phase factor, 1.5 for first pole or 1 for other poles 

K3 = line or phase value, 3  or 1. 

Arc extinction 

1. Recombination 

2. Diffusion: help in reducing ionisation 

3. Drift: depends on density of the medium. 

Arc current depends on external circuit condition. It does not depends on pole voltage 

from where it arises. 

 

3.4 Rating of Circuit Breaker  

The rating of a circuit breaker includes, 

1) Rated short circuit breaking current. 

2) Rated short circuit making current. 

3) Rated operating sequence of circuit breaker. 

4) Rated short time current. 

 

3.4.1 Short circuit breaking current of circuit breaker 

This is the maximum short circuit current which a circuit breaker can withstand before it. 

Finally cleared by opening its contacts. When a short circuit flows through a circuit breaker, 

            UNIT-4
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there would be thermal and mechanical stresses in the current carrying parts of the breaker. If the 

contact area and cross-section of the conducting parts of the circuit breaker are not sufficiently 

large, there may be a chance of permanent damage in insulation as well as conducting parts of 

the CB. 

      The short circuit current has a certain value at the instant of contact separation.  The breaking 

current refers to value of current at the instant of the contact separation.  The rated values of 

transient recovery voltage are specified for various rated voltage of circuit breakers. For 

specified conditions of rated TRV and rated power frequency recovery voltage, a circuit breaker 

has a certain limit of breaking current. This limit is determined by conducting short circuit type 

tests on the circuit breaker. The waveforms of short circuit current are obtained during the 

breaking test. The evaluation of the breaking current is explained in Fig. 3. The breaking current 

is expressed by two values. The r.m.s values of a.c. components are expressed in KA. the 

standard values being 8, 10, 12.5, 16, 20, 25, 31.5, 40, 45, 63, 80 and 100KA. 

       The earlier practice was to express the rated breaking capacity of a circuit breaker in terms 

of MVA given as follows 

Rated Breaking MVA capacity = √3 x KV x KA 

Where MVA = Breaking capacity of a circuit breaker kV 

KV = Rated voltage  

KA = Rated breaking current 

  

 

       This practice of specifying the breaking capacity in terms of MVA is convenient while 

calculating the fault levels. However, as per the revised standards, the breaking capacity is 

expressed in KA for specified conditions of TRV and this method takes into account both 

breaking current and TRV. The breaking capacity can be both symmetrical and asymmetrical in 

nature. In asymmetrical breaking capacity the DC component of the current is added. 

       While selecting the circuit breaker for a particular location in the power system the fault 

level at that location is determined. The rated breaking current can then be selected from 

standard range. 
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3.4.2   Rated short circuit making capacity 

The short circuit making capacity of circuit breaker is expressed in peak value not in rms 

value like breaking capacity.It may so happen that circuit breaker may close on an existing fault. 

In such cases the current increase to the maximum value at the peak of first current loop. The 

circuit breaker should be able to close without hesitation as contact touch. The circuit breaker 

should be able to withstand the high mechanical forces during such a closure. These capabilities 

are proved by carrying out making current test. The rated short circuit making current of a circuit 

breaker is the peak value of first current loop of short circuit current (I pk)Which the circuit 

breaker is capable of making at its rated voltage. 

       The rated short circuit making current should be least 2.5 times the r.m.s. value of a.c. 

component of rated breaking current . 

       Rated making current  = 1.8 x √2 x Rated short circuit breaking  

                                          = 2.5 x Rated short circuit breaking current 

       In the above equation the factor √2 convert the r.m.s  value to peak value. Factor 1.8 takes 

into account the doubling effect of short circuit current with consideration to slight drop in 

current during the first quarter cycle .          

3.4.3   Rated operating sequence or duty cycle of circuit breaker 

This is mechanical duty requirement of circuit breaker operating mechanism. The 

sequence of rated operating duty of a circuit breaker has been specified as 

O – t – CO – t‟ – CO 

Where O indicates opening operation of the CB. CO represents closing operation 

immediately followed by an opening operation without any intentional time delay. 

t‟ is time between two operations which is necessary to restore the initial conditions and / or to 

prevent undue heating of conducting parts of circuit breaker. t = 0.3 sec for circuit breaker 

intended for first auto re closing duty, if not otherwise specified. 

Suppose rated duty circle of a circuit breaker is 0 – 0.3 sec – CO – 3 min – CO. 

This means, an opening operation of circuit breaker is followed by a closing operation 

after a time interval of 0.3 sec, then the circuit breaker again opens without any intentional time 

delay. After this opening operation the CB is again closed after 3 minutes and then instantly trips 

without any intentional time delay. 
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3.4.4   Rated short time current 

This is the current limit which a circuit breaker can carry safely for certain specific time 

without any damage. 

The circuit breakers do not clear the short circuit current as soon as any fault occurs in 

the system. There always some intentional and an intentional time delays present between the 

instant of occurrence of fault and instant of clearing the fault by CB. This delay is present 

because of time of operation of protection relays, time of operation of circuit breaker and also 

there may be some intentional time delay imposed in relay for proper coordination of power 

system protection.  Hence, after fault, a circuit breaker has to carry the short circuit for certain 

time. The summation of all time delays should not be more than 3 seconds, hence a circuit 

breaker should be capable of carrying a maximum fault current for at least this short period of 

time. 

The short circuit current may have two major affects inside a circuit breaker. 

1. Because of the high electric current, there may be high thermal stress in the insulation and 

conducting parts of CB. 

2. The high short circuit current, produces significant mechanical stresses in 

differentcurrent carrying parts of the circuit breaker. 

A circuit breaker is designed to withstand these stresses. But no circuit breaker has to 

carry a short circuit current not more than a short period depending upon the coordination of 

protection. So it is sufficient to make CB capable of withstanding affects of short 

circuit current for a specified short period. 

The rated short time current of a circuit breaker is at least equal to rated short circuit 

breaking current of the circuit breaker. 

 

3.4.5   Rated voltage of circuit breaker 

Rated voltage of circuit breaker depends upon its insulation system. For below 400 KV 

system, the circuit breaker is designed to withstand 10% above the normal system voltage. For 

above or equal 400 KV system the insulation of circuit breaker should be capable of 

withstanding 5% above the normal system voltage. That means, rated voltage of circuit breaker 
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corresponds to the highest system voltage. This is because during no load or small load condition 

the voltage level of power system is allowed rise up to highest voltage rating of the system. 

A circuit breaker is also subject to two other high voltage condition. 

1) Sudden disconnection of huge load for any other cause, the voltage imposed on the CB and 

also between the contacts when the CB is open, may be very high compared to higher system 

voltage. This voltage may be of power frequency but does not stay for very long period as this 

high voltage situation must be cleared by protective switchgear. 

But a circuit breaker may have to withstand this power frequency over voltage, during its normal 

life span. 

The Circuit Breaker must be rated for power frequencies withstand voltage for a specific 

time only. Generally the time is 60 seconds. Making power frequency withstand capacity, more 

than 60 second is not economical and not practically desired as all the abnormal situations of 

electrical power system are definitely cleared within much smaller period than 60 seconds. 

2) Like other apparatuses connected to power system, a circuit breaker may have also to face 

lightening impulse and switching impulses during its life span. 

The insulation system of CB has to withstand these impulse voltage waveform. So a 

circuit breaker is designed to withstand this impulse peaky voltage for microsecond range only. 

 

 

NOMINAL 

SYSTEM 

VOLTAGE 

HIGHEST 

SYSTEM 

VOLTAGE 

POWER FREQUENCY 

WITHSTAND VOLTAGE 

IMPULSE 

VOLTAGE 

LEVEL 

11 KV 12 KV – – 

33 KV 36 KV 70 KV 170 KV 

132 KV 145 KV 275 KV 650 KV 

220 KV 245 KV 460 KV 1050 KV 

400 KV 420 KV – – 
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3.5 Air Circuit Breaker and Air Blast Circuit Breaker 

 

This type of circuit breakers, is those kind of circuit breaker which operates in air at 

atmospheric pressure. After development of oil circuit breaker, the medium voltage air circuit 

breaker (ACB) is replaced completely by oil circuit breaker in different countries. But in 

countries like France and Italy, ACBs are still preferable choice up to voltage 15 KV. It is also 

good choice to avoid the risk of oil fire, in case of oil circuit breaker. In America ACBs were 

exclusively used for the system up to 15 KV until the development of new vacuum and 

SF6 circuit breakers. 

 




