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Electrical installations are required to have
both overcurrent and short circuit
protection to prevent conductor damage.
As the typical installation has a stepping
down of conductor sizes from the
transformer to final circuits, there must also
be a stepping down of the protection
provided at each change of conductor size.
During a fault, there may be multiple
circuit breakers all detecting the same
current.  From a convenience point of view,
it is desirable that only the breaker nearest
the fault trips so that healthy circuits are
not interrupted.  In achieving this, there are
other factors at play and these could cause
problems worse than unwanted tripping.

An understanding of circuit breaker
operation and what happens during a fault
can be helpful in specifying and selecting
devices for a particular installation.

1.0 Circuit Breaker 
Design

There are two types of circuit breaker basic
operation.  There are those breakers
designed to make and withstand high fault
currents and those designed to trip as
quickly as possible.  Generally these are
distinguished by Air Circuit Breakers
(ACBs) and Moulded Case Circuit
Breakers (MCCBs).  The contact system of
the ACB is arranged in a way to use the
high electromagnetic forces produced by
fault currents to push the contacts together.
In MCCBs, the forces are used to drive the
contacts open even before the trip
mechanism can respond to the fault.  For
the typical designs, this has meant that an
ACB will have a minimum 30 msec to
respond to a fault while in an MCCB, the
contacts will start to lift when the current
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reaches a value of say 10 kA.  If the fault
prospective is 50 kA, this value is reached in
only a few milliseconds and the opening
contacts start to modify the magnitude of the
fault current very quickly.  The
mechanism of the MCCB may not be
tripped at this point so it is possible for
contact lift to occur but the MCCB not
trip if the fault current is interrupted by a
down stream device.  In general an ACB
will not limit the first peak of a fault
current but an MCCB can.

2.0  Selectivity
In the case of the ACB, it is possible to
use simple time grading to ensure that
only the breaker closest to the fault trips.
ACBs are rated to withstand through
fault currents without damage so it is

possible to allow delay times of up to
one or three seconds.  If the incoming
circuit breaker in an installation is set
to clear a short circuit in 0.5 seconds,
ACBs downstream could be set at
times of say 0.4, 0.3 and 0.2 seconds.
This positive time separation ensures
selectivity can be achieved but has
the disadvantage of very slow
clearance times if the fault is just
downstream of the incoming breaker.
Various electronic means have been
available to eliminate this delay by
effectively providing communication
between the breakers.  If the
downstream breaker does not detect a
fault current, then the upstream
breaker trip is not delayed.  There has
been little market acceptance of this
type of protection in industrial or
commercial installations.

For MCCBs, a high fault level will
require rapid tripping to protect the
breaker itself but as the frame size
increases, a small delay is possible
without causing excessive contact
damage.  This delay is often
introduced by mechanical means and
is usually no more than one current
loop or 10 milliseconds.  As the
contacts of the breaker have opened
in this short time, the fault current is
modified by both the breaker next to
the fault and the upstream breaker.

This can produce a greater current limiting
effect than a breaker operating on its own.
Because of the short time delays and the
combined effect on the fault current, selectivity

Typical MCCB breaking 50 kA. Breaker starts to open very
quickly and limits peak current.

Typical ACB breaking 50 kA. Breaker remains closed 
for 20 ms. (see delay in appearance of arc voltage)

ACBs can withstand high currents.
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between MCCBs is usually established by test and
manufacturers provide tables of suitable combinations.
Selectivity can be full with only the first breaker
tripping or partial with only high fault currents tripping
both breakers.

2.1  Partial selectivity
In most cases, the likely maximum short circuit level is
much lower than the theoretical level.  Quite often the
supply source impedance is ignored and assumptions
made in calculating the conductor impedance result in
the actual fault prospective being overstated.  This may
not be a bad thing when selecting the short circuit
ratings of the circuit breakers but for selectivity, a
conservative approach is not required.  From a circuit
breaker operation point of view, it is better for two
breakers to clear the fault rather than just one.  This can
ensure the smaller breaker is in a better condition for
continued service as the internal damage or wear is less.

For the protection system to see the maximum fault
level, a ‘bolted’ fault is required across the outgoing
terminals.  This is very unlikely and most faults will

occur at some distance downstream of the breaker and
arcing is usually involved.  Considering this and
allowing for the calculated fault level being on the high
side, practical selectivity levels can be limited to say
half the calculated full fault prospective.

Another issue to consider is that if the actual fault level
is near the calculated maximum, the fault must be at or
very close to the breaker meaning that the fault may be
inside the switchboard.  In this case, it is highly
desirable that the upstream breaker trips as well.

3.0  Cascade
As mentioned
above, at high fault
levels the contacts of
an MCCB will open
even without the
mechanism being
tripped.  This effect
generally means that
when a fault current
passes through two
circuit breakers, the
combined operation
can result in a higher
fault current
capability.  It is
permitted to select a
device on the basis
of this higher rating.
As the circuit
breakers are
required by the
Wiring Rules to be
able to interrupt

fault current up to the prospective fault level at its point
of installation, it is only the breaker downstream of the
other that can be considered for this improved or
cascade rating.

Cascade performance needs to be proven by testing and
manufacturers publish tables showing suitable
combinations.  Using cascade ratings can allow a more
economic solution to the selection of the circuit
breakers.

4.0 Conclusion
In some installations, there may be a strong need to
provide security of supply, but specifying full selectivity
may be introducing unnecessary costs. Under some high
fault levels full selectivity may be undesirable.
Consideration of the practical selectivity range may
result in a better overall protection scheme.

MCCBs must trip quickly at high current levels.

Typical actual fault levels should be considered
when designing for selectivity. 

A fault passing through two CBs
can result in a high combined
short circuit rating.
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