
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

35
8 

58
8

A
1

TEPZZ¥¥58588A_T
(11) EP 3 358 588 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
08.08.2018 Bulletin 2018/32

(21) Application number: 17154305.1

(22) Date of filing: 02.02.2017

(51) Int Cl.:
H01H 9/56 (2006.01) H01H 33/59 (2006.01)

H02H 3/02 (2006.01) H02H 9/00 (2006.01)

H01H 33/66 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: ABB Schweiz AG
5400 Baden (CH)

(72) Inventors:  
• LINDELL, Elisabeth

722 22 Västerås (SE)
• LILJESTRAND, Lars

722 42 Västerås (SE)
• HALÉN, Stefan

722 25 Västerås (SE)

(74) Representative: Helin, William
ABB AB 
Intellectual Property 
Forskargränd 7
721 78 Västerås (SE)

(54) THREE-PHASE CIRCUIT BREAKER WITH PHASE SPECIFIC SWITCHING

(57) The present invention relates to a method for
controlling a circuit breaker. The circuit breaker is con-
nected in a three-phase system having an inductive load,
and the method comprises method for controlling a circuit
breaker, the circuit breaker being connected in a
three-phase system having an inductive load, the method
comprises opening (S100) a first phase (L1) of the
three-phase system before a zero crossing of a current
in the first phase (L1), opening (S120) the second and
third phases (L2 and L3) of the three-phase system a
quarter period after opening the first phase (L1), closing
(S140) the first and second phase (L1 and L2) at a peak
voltage of a voltage between the first and second phases
(L1 and L2), and closing (S150) the third phase (L3) a
quarter period after closing the first and second phases
(L1 and L2). A circuit breaker controller is also presented.
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Description

TECHNICAL FIELD

[0001] The invention relates to a method for controlling
a circuit breaker, and a circuit breaker controller.

BACKGROUND

[0002] Control of circuit breakers has been utilized in
different ways for long time. Several solutions on how to
do it in order to reach different benefits have been pre-
sented, e.g. how to open a circuit breaker in an optimal
way or how to close a circuit breaker in an optimal way,
how to minimize erosion of breaker contacts and how to
minimize inrush current. This is mainly used at high volt-
age level and higher.
[0003] US 6,493,203 describes a phase control switch
apparatus incorporating a phase-based break/make con-
troller for protecting a reactive load such as a transformer.

SUMMARY

[0004] At disconnection of inductive loads, severe tran-
sient over voltages may occur. This is a phenomenon
that is gaining more and more attention, as applications
where switching is performed much more frequently than
before are arising. It has also been noted that in particular
dry type of transformers should be sensitive to switching
over voltages.
[0005] An object of the present invention is to enable
improved control of a circuit breaker for three-phase sys-
tems.
[0006] According to a first aspect, there is presented
a method for controlling a circuit breaker. The circuit
breaker is connected in a three-phase system having an
inductive load, and the method comprises opening a first
phase of the three-phase system before a zero crossing
of a current in the first phase, opening the second and
third phases of the three-phase system a quarter period
after opening the first phase, closing the first and second
phase at a peak voltage of a voltage between the first
and second phases, and closing the third phase a quarter
period after closing the first and second phases.
[0007] The method may comprise measuring the cur-
rent in the first phase, and measuring the voltage be-
tween the first phase and the second phase.
[0008] The method may comprise estimating the cur-
rent in the first phase by measuring a phase voltage, and
measuring the voltage between the first phase and the
second phase.
[0009] The first phase may be opened a quarter period
before the zero crossing of the current in the first phase.
[0010] The first phase may be opened before a zero
crossing towards a positive current in the first phase, and
wherein the first and second phases are closed at a neg-
ative peak voltage of phase-to-phase voltage between
the first and second phases.

[0011] The first phase may be opened before a zero
crossing towards a negative current in the first phase,
and wherein the first and second phases are closed at a
positive peak voltage of phase-to-phase voltage between
the first and second phases.
[0012] According to a second aspect, there is present-
ed a circuit breaker controller for a three-phase system
having an inductive load. The circuit breaker controller
comprises a circuit breaker controller configured to
measure a first phase current in the three-phase system,
open the first phase of the three-phase system, open a
second and third phase of the three-phase system after
opening the first phase, measure a phase-to-phase volt-
age between the first phase and the second phase, close
the first and second phase, and close the third phase
after closing the first and second phases.
[0013] The circuit breaker controller may be configured
to open the first phase a quarter period before a zero
crossing of the current in the first phase.
[0014] The second and third phases may be opened
a quarter period after opening of the first phase, and
wherein the third phase may be closed a quarter period
after the first and second phases are closed.
[0015] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, component, means, step, etc., unless explicitly
stated otherwise. The steps of any method disclosed
herein do not have to be performed in the exact order
disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig. 1 schematically illustrates phase sequence in a
three phase system;

Fig. 2 schematically illustrates a long arcing time in
a circuit breaker;

Fig. 3 schematically illustrates a short arcing time in
a circuit breaker;

Fig. 4 schematically illustrates possible opening in-
stances in a phase;

Fig. 5 schematically illustrates possible closing in-
stances;

Fig. 6 is a table of closing of phases during no load,
after opening during no load;
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Fig. 7 is a table of closing of phases during no load,
after opening during load;

Fig. 8 is a flowchart illustrating a method for control-
ling a circuit breaker in a three-phase system; and

Fig. 9 schematically illustrates a three-phase system
with circuit breakers according to an embodiment.

DETAILED DESCRIPTION

[0017] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which certain embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. Like numbers refer to like elements throughout
the description.
[0018] The present invention includes that disconnec-
tion of an inductive load, with a power factor of o≤pf<1,
in order to prevent severe transient over voltages, should
be combined with subsequent energizing in an optimal
way, in order to also minimize inrush current. By knowing
the history from the former disconnection event, energiz-
ing can be performed in an optimal way.
[0019] The present invention both significantly reduces
the transient over voltages at disconnection of an induc-
tive load such as a transformer by opening of a circuit
breaker, and in an optimal way energizes a transformer
at closing of the circuit breaker. This limit the stresses on
the equipment connected to the system (such as trans-
formers) and minimizes the inrush current, which also
leads to a decrease of stress and makes the system
reach steady state more quickly. An aim is to keep the
inrush current at a nominal load current or lower.
[0020] The present invention is used in a three phase
system. A phase sequence of a three phase system is
illustrated in Fig. 1. A first phase is defined as L1, having
a voltage U1(t)=Usin(ωt), a second phase is defined as
L2, having a voltage U2(t)=Usin(ωt-2π/3), and a third
phase is defined as L3, having a voltage U3(t)=Usin(ωt-
4π/3).
[0021] Opening of a circuit breaker will initially provide
contact separation, which will ignite an arc if the current
is above a current chopping level. If the current is below
a current chopping level, the current will be interrupted
immediately. An ignited arc will be interrupted thereafter
at a current zero crossing or more precisely shortly prior
to the current zero crossing in case current chopping oc-
curs. Contact separation and current interruption is illus-
trated in Figs. 2 and 3. In Fig. 2 a long arcing time is
illustrated, which will provide a sufficient contact distance
at current interruption preventing re-ignition. In Fig. 3 a
short arcing time is illustrated, which will give a too short

contact distance at current interruption, which will risk re-
ignition. In this description, opening of a circuit breaker
means contact separation.
[0022] An advantage with the presented method is e.g.
that no residual flux detection unit is needed in connection
with a transformer with an iron core.
[0023] The circuit breaker is in an embodiment used
for a medium voltage (MV) circuit breaker (CB), i.e. for
1-71 kV three phase systems.
[0024] Energizing of a transformer could cause inrush
currents depending on phase angle at closing of a circuit
breaker and remanent flux in the transformer. There are
at least four degrees of freedom to consider:

1. to select the order of opening of the phases;

2. to select which current zero crossing to use for
opening;

3. to select which voltage peak to use for closing,
positive or negative; and

4. to select the order of closing of the phases.

[0025] Unlike ordinary MV circuit breakers, synchro-
nized opening is used and always interrupts:

1. in the same order between the phases; and

2. at known signs (positive or negative) of a current
before a current zero crossing thereof.

[0026] One result is that the sign of the remanent flux
in an inductive load with an iron core is known, such as
in each leg of a transformer core.
[0027] The inrush currents, which will occur in an in-
ductive load during energizing, may therefore be mini-
mized by:

1. knowing the sign of the remanent flux in each leg
of the inductive load core; and

2. selecting the voltage peak for the circuit breaker
closing instant.

[0028] Although the above has supposed an AC sys-
tem, wherein an arc will ignite during opening, the pre-
sented system will be useful also in other applications
such as other types of breakers and coupling devices
such as power electronic based breakers.
[0029] A break/make three phase system (without
ground) will be described with reference to Fig. 9. The
first phase which is opened during breaking is called L1.
The first phase L1 may be an arbitrary phase of the three
phases of the three-phase system. It is desirable to open
the phase L1 before a zero crossing of the current in the
phase, to minimize over voltage in the system. Opening
of the phase should be initiated sufficiently long before
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the current interruption, such that the circuit breaker has
had time to achieve contact separation before the current
interruption. Contact separation is preferably achieved
at least 1 ms before the current interruption. Possible
opening instances are illustrated in Fig. 4, and the time
windows from the marked "possible opening instances"
until the next current zero crossing should be avoided,
and the contact separation should occur in the time win-
dow before the marked "possible opening instances" and
previous current zero crossing. To ensure that an arc
does not reignite after the zero crossing, contact sepa-
ration is more preferably made before the zero crossing
with a security margin of a quarter period i.e. 5 ms for a
50 Hz system. By opening a contact in the middle be-
tween two zero crossings, re-ignition is prevented with a
security margin. An arc will however ignite at initial open-
ing of the circuit breaker contacts, but it will be extin-
guished at the following zero crossing.
[0030] The current has a half period (between two zero
crossings) of π radians, and opening is thus preferably
made at half that period at π/2 before a desired zero
crossing. For a 50 Hz system this corresponds to about
5 ms.
[0031] After the L1 phase has been opened, the L2 and
L3 phases are opened at the same time, a quarter period
later. After the current has been interrupted in the first
phase, the two remaining phases end up having the same
current (however in opposite direction), and opening only
one phase will provide the same result. It is thus not im-
portant that the two remaining phases are open exactly
simultaneously.
[0032] Opening or breaking a three-phase system,
having an inductive load, as presented herein is based
on manually triggered openings, allowing delay of open-
ing until an optimal time. During a short circuit controlled
opening is bypassed, and this situation is not relevant for
the presented solution.
[0033] To determine the optimal opening point of time,
the current of the phase L1 is measured. A next zero
crossing of the current of phase L1 is detected, and a
sufficient time offset is added, such that the offset time
and the time it takes for the circuit breaker to achieve
contact separation together gives contact separation at
the optimal time instant. Opening of the phases L2 and
L3 is made thereafter.
[0034] When the system is to be started again, the
breaker contacts are to be closed in a predetermined
way, to minimize inrush currents. In this case a voltage
over L1 and L2 is measured to find the optimal closing
point of time, which is dependent on the previous opening
of the breaker contacts. It is desirable to close the phases
L1 and L2 at a peak of the voltage there over, to minimize
inrush currents in the system. Possible closing instances
are illustrated in Fig. 5. Only closing one phase will not
create a closed circuit, and only after closure of two phas-
es the system is partly closed again. The optimal closing
point of time is at the negative peak of the voltage over
phases L1 and L2, when opening has been performed on

a negative half-period of the current through L1. Meas-
urement to determine this point of time may be made.
[0035] To minimize inrush currents, after initiating
opening through the L1 phase, phases L1 and L2 are
closed by making the corresponding breakers poles. The
last phase L3 is closed a quarter period later.
[0036] Opening of the circuit breaker can occur e.g. for
a loaded transformer or for an idle transformer, but clos-
ing should be made for a transformer in idle mode.
[0037] Tests have been made for peak inrush current,
which is illustrated in Figs. 6 and 7. Tests shown in Fig.
6 were performed for closing during no load, after opening
during no load. As can be seen the peak inrush current
is clearly the lowest for L3 being the delayed phase after
closing of phases L1 and L2 at a negative peak of phase-
to-phase voltage L1-L2, provided that the phases were
opened in the order described above (i.e. phase L1
opened first followed by opening of phases L2 and L3).
Tests shown in Fig. 7 were performed for closing during
no load, after opening during load. Also for his case, de-
laying closing of L3 after closing of L1 and L2 at a negative
peak of phase-to-phase voltage L1-L2 the peak inrush
current is one of the lowest. Delaying L2 after closing of
L1 and L3 at a positive peak of phase-to-phase voltage
L3-L1, is equally low. By selecting to delay L3 during clos-
ing after closing of L1 and L2 at a negative peak of phase-
to-phase voltage L1-L2, it is not necessary to consider if
the system was loaded or not during opening. The closing
should however be made for a system without additional
inductive load, e.g. an unloaded transformer.
[0038] A method for controlling a circuit breaker is pre-
sented with reference to Fig. 8. The circuit breaker is
connected in a three-phase system having an inductive
load and comprises opening S110 a first phase L1 of the
three-phase system before a zero crossing of a current
in the first phase L1, opening S120 the second and third
phases L2 and L3 of the three-phase system a quarter
period after opening the first phase L1, closing S140 the
first and second phase L1 and L2 at a peak voltage of a
voltage between the first and second phases L1 and L2,
and closing S150 the third phase L3 a quarter period after
closing the first and second phases L1 and L2.
[0039] The quarter period in the opening step S120
and the closing step S150 is the theoretical optimal pe-
riod, but in practical solutions it may vary to some degree.
[0040] The method may comprise measuring S100 the
current in the first phase L1, and measuring S130 the
voltage L1 - L2 between the first phase L1 and the second
phase L2. By measuring a current in the first phase L1,
is meant that the current is measured directly or indirectly.
I.e. the current may be measured directly in the first phase
L1, or the current of another phase is measured and ad-
justed for phase difference there between.
[0041] The method may comprise estimating the cur-
rent in the first phase L1 by measuring a phase voltage,
and measuring S130 the voltage between the first phase
L1 and the second phase L2.
[0042] The first phase L1 may be opened a quarter
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period before the zero crossing of the current in the first
phase L1.
[0043] The first phase L1 may be opened before a zero
crossing towards a positive current in the first phase L1,
and wherein the first L1 and second L2 phases are closed
at a negative peak voltage of phase-to-phase voltage L1-
L2. Alternatively, the first phase L1 may be opened before
a zero crossing towards a negative current in the first
phase L1, and wherein the first L1 and second L2 phases
are closed at a positive peak voltage of phase-to-phase
voltage L1- L2
[0044] A circuit breaker controller for a three-phase
system is presented. The three-phase system has an
inductive load and the circuit breaker controller compris-
es a circuit breaker controller configured to measure a
first phase L1 current in the three-phase system, open
the first phase L1 of the three-phase system, open a sec-
ond and third phase L2 and L3 of the three-phase system
after opening the first phase L1, measure a phase-to-
phase voltage between the first phase L1 and the second
phase L2, close the first and second phase L1 and L2,
and close the third phase L3 after closing the first and
second phases L1 and L2.
[0045] The circuit breaker controller may be configured
to open the first phase L1 a quarter period before a zero
crossing of the current in the first phase L1.
[0046] The second L2 and third L3 phases may be
opened a quarter period after opening of the first phase
L1, and wherein the third phase L3 may be closed a quar-
ter period after the first L1 and second L2 phases are
closed.
[0047] The circuit breaker controller may comprise a
processor, using any combination of one or more of a
suitable central processing unit, CPU, multiprocessor,
microcontroller, digital signal processor, DSP, applica-
tion specific integrated circuit etc., capable of executing
software instructions of a computer program stored in a
memory. The memory can thus be considered to be or
form part of a computer program product. The processor
may be configured to execute a computer program stored
therein to cause the circuit breaker controller to perform
desired steps.
[0048] The invention has mainly been described above
with reference to a few embodiments. However, as is
readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by
the appended patent claims.

Claims

1. A method for controlling a circuit breaker, the circuit
breaker being connected in a three-phase system
having an inductive load, the method comprising:

opening (S110) a first phase (L1) of the three-
phase system before a zero crossing of a current

in the first phase (L1);
opening (S120) the second and third phases (L2
and L3) of the three-phase system a quarter pe-
riod after opening the first phase (L1);
closing (S140) the first and second phase (L1
and L2) at a peak voltage of a voltage between
the first and second phases (L1 and L2); and
closing (S150) the third phase (L3) a quarter pe-
riod after closing the first and second phases (L1
and L2).

2. The method as claimed in claim 1, comprising:

measuring (S100) the current in the first phase
(L1); and
measuring (S130) the voltage between the first
phase (L1) and the second phase (L2).

3. The method as claimed in claim 1, comprising:

estimating the current in the first phase (L1) by
measuring a phase voltage; and
measuring (S130) the voltage between the first
phase (L1) and the second phase (L2).

4. The method as claimed in claim 1, 2 or 3, wherein
the first phase (L1) is opened a quarter period before
the zero crossing of the current in the first phase (L1).

5. The method as claimed in any one of claims 1 to 4,
wherein the first phase (L1) is opened before a zero
crossing towards a positive current in the first phase
(L1), and wherein the first and second phases (L1
and L2) are closed at a negative peak voltage (phase-
to-phase voltage L1-L2).

6. The method as claimed in any one of claims 1 to 4,
wherein the first phase (L1) is opened before a zero
crossing towards a negative current in the first phase
(L1), and wherein the first and second phases (L1
and L2) are closed at a positive peak voltage (phase-
to-phase voltage L1-L2).

7. A circuit breaker controller for a three-phase system
having an inductive load, the circuit breaker control-
ler comprising:

a circuit breaker controller configured to meas-
ure a first phase (L1) current in the three-phase
system, open the first phase (L1) of the three-
phase system, open a second and third phase
(L2 and L3) of the three-phase system after open
the first phase (L1); measure a phase-to-phase
voltage between the first phase (L1) and the sec-
ond phase (L2), close the first and second phase
(L1 and L2), and close the third phase (L3) after
closing the first and second phases (L1 and L2).

7 8 
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8. The circuit breaker controller as claimed in claim 7,
wherein the first phase (L1) is opened a quarter pe-
riod before a zero crossing of the current in the first
phase (L1).

9. The circuit breaker controller as claimed in any one
of claims 7 to 8, wherein the first phase (L1) is opened
before a zero crossing towards a positive current in
the first phase (L1), and wherein the first and second
phases (L1 and L2) are closed at a negative peak
voltage (phase-to-phase voltage L1-L2).

10. The circuit breaker controller as claimed in any one
of claims 7 to 8, wherein the first phase (L1) is opened
before a zero crossing towards a negative current in
the first phase (L1), and wherein the first and second
phases (L1 and L2) are closed at a positive peak
voltage (phase-to-phase voltage L1-L2).

11. The circuit breaker controller as claimed in any one
of claims 7 to 10, wherein the second and third phas-
es (L2 and L3) are opened a quarter period after
opening of the first phase (L1), and wherein the third
phase (L3) is closed a quarter period after the first
and second phases (L1 and L2) are closed.

9 10 
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