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Abstract — This paper focuses on understanding the interrupting capability of an arc contact system in
a molded case circuit breaker (hereafter MCCB). We selected four types of MCCBs and analyzed the
magnetic flux density distributions in the contact systems caused by the fault currents. We ascertained
that the magnetic flux density profile varies according to the shape of the contact system and was
asymmetric at both the ends of an arc, perpendicular to the arc column because of the magnetic grid
installed in the contact system. The asymmetric difference creates a magnetic force that pushes the arc
current outwards and provides an interrupting capability. We have introduced a simple analysis
method for determining the interrupting capability of the contact system for an MCCB by the arc-

driving magnetic flux density.

Keywords: Arc current, Interrupting capability, Magnetic flux, Contact system, Circuit breaker,

MCCB

1. Introduction

As various types of electrical equipment and electronic
control devices are now being employed as loads, several
potential threats such as voltage surges and sudden faults
in the power system occur. The widespread dependence
on electrical energy has significantly increased with the
usage of numerous industrial equipments. In order to
assure a reliable power supply, the significance of protective
device coordination in electrical cabinet panels has
amplified drastically. In a power system with cabinet
panels, low voltage circuit breakers are extensively used
for interrupting a fault current rapidly and assuring the
reliability of the power supply. This increase in market
demand has provided the impetus for the related industry to
improve the interrupting capability of molded case circuit
breakers (hereafter MCCBs) that are one of the low voltage
circuit breakers. For an effective cabinet panel, the MCCB
should increase the interrupting capability and satisfy the
compact requirement for installation. There is a need for
standardization of the smaller sized cabinet panels [1-4].

Hence, this paper focuses on understanding the extent of
the dependency of the interrupting capability on the shape
of the contact system in the MCCB. We have developed a
simple analysis method for determining the interrupting
capability. First, we chose four types of MCCBs produced
by different companies and analyzed the magnetic flux
density distributions in their contact systems caused by the
fault currents.

We ascertained that the magnetic flux density profile
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varies according to the contact shape. Some of the contact
shapes had a considerably higher flux density. The flux
density was asymmetric at both the endpoints of an arc
perpendicular to the arc current because of the magnetic
grid installed in the contact system. The grid composed of
several magnetic plates, is placed in front of the arc current
column and it absorbs the flux by the arc on that side only.
This creates an unequal flux profile. The asymmetric
difference was approximately equal to the increase in the
interrupting capability because it created a magnetic force
and pushed the arc current towards the grid and outwards.

The arc column ceases to be straight and becomes a
longer curve. The longer the arc length owing to the arc
curve, the higher is the resistance. As a result, the
interrupting capability is improved.

Thus, we have introduced a simple analysis method for
checking the extent of the interrupting capability by the
asymmetric magnetic flux driving the arc current.

2. Simple Analysis Method for the Interrupting
Capability of the Contact System

As the arc between the two contacts in the MCCB’s
contact system remains in a plasma state near current zero
point [3], this arc can be easily quenched if a strong
asymmetric magnetic flux is formed around it. In order to
form this magnetic flux, several researchers have tried
various types of magnetic grids and have improved the
interrupting capability of the MCCB. In the experiment in
[5], however, while the interrupting current is increased,
the arc-driving magnetic flux formed by the grid, is unable
to increase beyond a certain range because of the magnetic
saturation phenomenon. For solving this problem, several
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Fig. 1. Three analytical lines for the magnetic flux density
distribution profile

efforts have been made to form a strong arc-driving
magnetic flux along with the current. Some researchers
have suggested that improving the shape of the contact
system could result in the formation of a strong arc-driving
magnetic flux [6]. As the magnetic flux formation increases
along with the interrupting current, the current flow needs
to be effectively utilized. Hence, the contact shape has to
be designed accordingly. A suitable shape can concentrate
the flux density in a certain place to get stronger and more
asymmetric. Therefore, we attempted a 3D flux analysis
for the magnetic flux distributions in different contact
systems. This step needs to be undertaken prior to design
of a new contact system for better results.

First, we chose four types of MCCBs produced by
different manufacturers. The product specifications along
with the rated interrupting current are displayed on the
MCCBs. Next, we illustrated the shapes of the contact
systems and analyzed them in 3D. From the analysis
results, we were able to determine the magnetic flux
density distributions. After the calculations for the analysis,
we selected three analytical lines to realize the distribution
profile, as shown in Fig. 1. Line L1 is a base line that
passes through the center of the arc column; line L2 is at a
distance AX from the arc column and line L3 is at a
distance 2(AX). We set up the arc as a round, as in Fig. 1
and formed the analytical lines at certain heights each from
the bottom of the stationary arc contact.

Then, we determined the values of the flux densities on
these three lines. We plotted a graph depicting the flux
densities generated by the four types of contact systems
and compared their interrupting capabilities.

2.1 Conditions for simple analysis method

Some papers [6, 7], report the effects of the magnetic
flux distribution on a contact system with an interrupting
current. We have developed a simple analysis method for
understanding the interrupting capability and the role of the
arc-driving magnetic flux density on the shape of the
contact system. In this paper, the following conditions are
considered.

e Arc radius: 2 mm
e Interrupting current : 25 kA
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Fig. 2. Condition and arrangement for the simple analysis
method
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Fig. 3. 3D shapes of the contact systems for the magnetic
flux analysis: (a) MCCB made by the sponsoring
domestic company (model name : M1); (b) MCCB
made by another domestic company (M2); (c)
MCCB made by an European company (M3); (d)
MCCB made by a Japanese company (M4)

o Distance between the two contacts : § mm
e Arc column : cylinder in a straight line

Using the arc column as the center, the moving contact
part is located on the left and the stationary arc contact is
on the right.

2.2 Characteristics of the shape of the contact system

Fig. 3 exhibits the various contact systems used for
the magnetic flux analysis. Two of the MCCBs are
manufactured by domestic companies. The first (M1) in
Fig. 3(a) is made by the sponsoring domestic company that
participated in this research and the second (M2) in Fig.
3(b) is made by another domestic company. The other two
MCCBs are produced by foreign companies. The third
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(M3) in Fig. 3(c) is made by a European company and
fourth (M4) in Fig. 3(d) is made by a Japanese company.
All these products are presently available in the market. All
the selected model breakers had a rated current of 225 A.
However, the rated interrupting current varied. An isolation
cover is at times employed at the head of the stationary arc
contact with the arcing spot. It is useful in continuously
maintaining the initial spot of the arc column root and
preventing it from shortening the arc length because the arc
moves and its root point can change to another spot along
the stationary arc contact path. Models M2 and M4 had
isolation covers. In model M3, the stationary arc contact is
shaped like the character ‘J’ and a hexagonal magnetic
material is used both to the left and right of the contact
system.

It appears to gather the magnetic flux density, enabling it
to drive the arc. In addition, a multi-layered magnetic
material is placed under the stationary arc contact. Its
purpose may be to absorb the magnetic flux against the arc
drive. In M4, the stationary arc contact is bent into a half-
coil shape for concentrating the magnetic flux inside and a
sub-grid is placed within the stationary arc contact.

2.3 Simple magnetic analysis of the contact system

The direction of the magnetic force is given by the right
hand rule as shown in Fig. 4 and the magnetic force
relationship is in the form of a vector product as in (1).

2r
F=\T[B|l (1)
0

where, the arc length is /,,., the vector arc current is T ,
the vector magnetic flux density is 5, and the arc driving
forceis F .

When (1) is applied to the arc current, the right-hand
rule may be used to determine the direction of the force on
the arc. In Figs. 4 and 5, the magnetic flux density B(L) on
the left forms a force F(L) that drives the arc, pushing it
from left to the right.

On the other hand, the magnetic flux density B(R) on the
right forms F(R) opposite to F(L). The density is the same
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Fig. 4. The magnetic force relationship in the form of a
vector product

and it is well balanced in all aspects; the total force is zero
as in (1).

However, the magnetic grid with several plates in the
contact system absorbs the flux lines on the right and the
arc- driving force F(L) remains as such but the force F(R)
becomes considerably smaller than F(L). The force balance
finally becomes asymmetric F(L) > F(R). This asymmetric
condition causes the arc to move to the right, extending the
arc and interrupting the arc current. Extending the arc
implies that the arc resistance R,. becomes infinite, as
shown in (2).

)
R — arc
e = @

arc~arc

if R,, — oo, the current is interrupted.

where, the arc resistance is R, , the electrical conductivity
is 04, , and the cross section of the arc is 4, ,
respectively. The longer the arc length, the larger is the
resistance and the easier the current interruption. It is to
be noted that the resistance R,. is dependent and
proportional to the arc length /.. In order to obtain the
difference AB between B(L) and B(R), a 3D magnetic
analysis is done by applying the conditions set in 2.1. It
enables the evaluation of the interrupting capability of the
contact systems.

We first examined the density difference Bf;lf p, on the
line L1 at both the endpoints of the arc from side to side, as
follows :

L L

B(L)pl_B(R)PQ 3)

B p=
where B(L)f,ll is the magnetic flux density at a point A
on the left and B(R)f,l2 is the magnetic flux density at a
point P on the right, as shown in Fig. 5.

When we compared the difference Bpi_p, on the
analytical line L1 for all the models (Fig. 6), we found that
it was the largest for model M4, followed by M3, M2, and
Ml.

Almost similar trends were found for the density
differences, Bf}l_ p, and Bfﬁl_ p, on the analytical line L2.
The value B(L)f,l1 shows that most of models had a value
more than 3.0 T, as shown in Fig. 6. All the models except
MI recorded levels under approximately 0.5 T in the 15-20
mm range of the analytical lines. We consider that this low
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Fig. 5. Both the ends of the arc on the analytical line, L1
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Fig. 6. Results for the 3-D magnetic flux analysis on the analytical lines

Tablel. Results of the 3D magnetic flux analysis

Difference of the magnetic flux
Model densities at both endpoints of the arc | Rated Interrupting
L L L Current
Bpi_p2 Bpi-p2 Bpi_p2
M1 0.30 0.13 0.12 AC460V/25kA
M2 0.70 0.30 0.20 AC460V/35kA
M3 0.77 0.42 0.48 AC440V/65 kA
M4 1.00 0.50 0.45 AC440V/50kA
Note(*): The Model, M3, has the rotary contact system with dual contacts/
phase

value can contribute better to the fault current interruption.
Because the magnetic force F(L) drives the body of the arc
column far away from the arc root spot above the magnetic
grid, it increases the resistance R, raising the arc voltage
also.

Summarizing the above-mentioned contents in Table 1,
it is considered necessary to design the shape so that the
contact system concentrates the magnetic flux density in
a certain place, in the same direction, and renders the
magnetic force balance asymmetric using the magnetic
grid.

As a result, the model M4 is the best model among four
types with the detailed reason.
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3. Conclusion

In the event of an extremely high overcurrent condition
(e.g., a short circuit), the operating mechanism in the
MCCB repels the moving arc contact away from the
stationary arc contact. Once activated, the operating
mechanism separates the two contacts to stop the flow of
current in the protected circuit. In order to accommodate
the solutions for the various fault conditions that can occur
within an electrical distribution system, efficient MCCBs
are required based on shapes that are suitably designed
for the fault current interruption.

For determining the effectiveness of the designed shape,
we developed a simple analysis method to understand
and estimate the interrupting capability of the contact
system for which the MCCB shape is designed. Using
three analytical lines in a simple analysis method, we
calculated the magnetic flux density distributions on the
lines for four models of MCCBs. The differences in the
flux densities at both the endpoints of the arc, side to
side, for all the models were determined. A considerably
large value was expected to provide a better interrupting
capability. It was determined that the fault current
interrupting capability increases almost proportionally to
the magnitude of the arc-driving magnetic flux density.
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Thus, the simple analysis method enables an under-
standing of the performance of the MCCB for achieving an
optimal shape, before starting the actual production.
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