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(54) METHOD FOR CLOSING A MECHATRONIC CIRCUIT BREAKER

(57) The invention provides a method for closing a
circuit breaker (10) having a main branch (M), which com-
prises a main module with a sub-branch comprising a
mechanical switch-disconnector (UFS) connected with
two breaker cell constituted of a power semiconductor
element with controlled duty ratio, the main branch (M)
being connected with a pre-insertion module, the circuit
breaker (10) and the pre-insertion module forming an as-
sembly having a first (111) and a second (112) terminal,

respectively connected to a source (S) and the power
transmission link (C), the method comprising the steps:
a) first closing the mechanical switch-disconnector (UFS)
when the voltage difference between the voltages at the
first and the second terminals is below a predetermined
voltage;
b) closing the byepass switch (S2); and
c) closing the power semiconductor element.
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Description

TECHNICAL FIELD

[0001] The invention concerns the field of direct current
(DC) transmission networks. Particularly, the invention
relates to different possible sequencing scenarios for
closing a mechatronic circuit breaker (MCB) in order to
restore the power flow.

PRIOR ART

[0002] Building up and/or breaking currents in high-
voltage direct current (HVDC) transmission and/or distri-
bution networks has become of crucial importance be-
cause mastery thereof directly conditions the expansion
of said networks.
[0003] As an example, the patent application [1], in the
name of the applicant of the present invention, describes
a Mechatronic Circuit Breaker Device ("MCB") able to
break currents in a time less than a few milliseconds. To
this end, the MCB comprises a main branch which com-
prises at least one semiconductor component breaker
cell electrically in parallel with an energy absorber and
with at least one mechanical switch-disconnector capa-
ble firstly of passing the steady current in its closed po-
sition with minimum insertion losses, thus avoiding high
losses in the semiconductor breaker component(s), and
secondly of withstanding the recovery voltage at the ter-
minals of the device in its open position.
[0004] After current breaking, power flow restoration
shall depend on the state of the power transmission link
(e.g. cable, overhead line, gas insulated line) fed by the
mechatronic circuit breaker, and in particular the circum-
stances under which the current breaking occurred, in
order to avoid or limit the disturbances on the network,
and to not permanently damage the mechatronic circuit
breaker.
[0005] Further, in case a fault is still present on the
network, it is preferable to cease the power flow restora-
tion procedure.
[0006] However, no power flow restoration procedure
involving the closing of a mechatronic circuit breaker has
been disclosed so far. In particular, there is no existing
closing solution for a mechatronic circuit breaker that
takes into account the state of the power transmission
link fed by said mechatronic circuit breaker and which
limits the stress on the network and/or the mechatronic
circuit breaker.
[0007] An aim of the invention is thus to define different
scenarios for closing a mechatronic circuit breaker that
can be employed to restore the power flow.
[0008] Another aim of the invention is also to define
different scenarios for closing a mechatronic circuit
breaker that can be implemented, without any modifica-
tion, on an existing mechatronic circuit breaker.
[0009] Another aim of the present invention is also to
define a method for charging a power transmission link

supplied by the mechatronic circuit breaker.
[0010] Another aim of the present invention is also to
define a method for detecting a fault present on the power
transmission link supplied by the mechatronic circuit
breaker.

STATEMENT OF THE INVENTION

[0011] The aforementioned aims are, at least partly,
attained by method for closing a mechatronic circuit
breaker, the mechatronic circuit breaker having a main
branch adapted for conducting a nominal load current to
a power transmission link, the main branch comprising
at least one main module with at least one sub-branch
comprising at least one mechanical switch-disconnector
connected in series with at least one breaker cell consti-
tuted of at least one power semiconductor element with
controlled duty ratio, the main branch being connected
in series with a pre-insertion module, the pre-insertion
module comprising a pre-insertion resistance in parallel
with a by-pass switch, the mechatronic circuit breaker
and the pre-insertion module forming an assembly hav-
ing a first terminal and a second terminal, respectively
connected to a source and the power transmission link,
the method comprising the following steps:

a) first close the at least one mechanical switch-dis-
connector when the voltage difference between the
voltages at the first and the second terminals is below
a predetermined first threshold voltage;
b) close the by-pass switch;
c) close the at least one power semiconductor ele-
ment with controlled duty ratio.

[0012] According to a mode of implementation, the
voltage difference is repeatedly measured before trigger-
ing the step a) of closing the at least one mechanical
switch-disconnector.
[0013] According to a mode of implementation, the pre-
determined first threshold voltage is a first withstand volt-
age of the at least one power semiconductor element
with controlled duty ratio, the method being further char-
acterized in that the steps a) and b) are carried out almost
simultaneously, and the step c) of closing the at least one
power semiconductor element with controlled duty ratio
is triggered upon completion of step a).
[0014] According to a mode of implementation, the pre-
determined first threshold voltage is the sum of a first
withstand voltage of the at least one power semiconduc-
tor element with controlled duty ratio and a second volt-
age corresponding to the product of an electrical resist-
ance of the pre-insertion resistance by a making current
of the at least one mechanical switch-disconnector, the
method being further characterized in that step c) is trig-
gered when the current flowing through the main branch
is below a current threshold and the step b) is carried out
upon completion of step c).
[0015] According to a mode of implementation, the me-
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chatronic circuit breaker further comprises a first tempo-
rization branch in parallel with the main branch, the first
temporization branch comprising, in series, a first thyris-
tor and at least one first switching-assistance module with
at least one first capacitor, electrically in parallel with a
first discharge resistance and a first voltage surge arrest-
er, the method being characterized in that the first tem-
porization branch and the at least one mechanical switch-
disconnector are closed simultaneously during step a),
then step c) of closing the at least one power semicon-
ductor element with controlled duty ratio before the cur-
rent flowing through the first thyristor falls below a holding
current of said thyristor, and successively discharge the
at least one first capacitor, and perform step b).
[0016] According to a mode of implementation, the dis-
charge of the at least one first capacitor is carried out by
closing a switch in series with the first discharge resist-
ance.
[0017] According to a mode of implementation, the pre-
determined first threshold voltage is a first withstand volt-
age of the at least one power semiconductor element
with controlled duty ratio.
[0018] According to a mode of implementation, the cur-
rent flowing through the first thyristor is repeatedly meas-
ured at least before carrying out the step c) of closing the
at least one power semiconductor element with control-
led duty ratio.
[0019] The aforementioned aims are, at least partly,
attained by a method for closing a mechatronic circuit
breaker, the circuit breaker having a main branch adapt-
ed for conducting a nominal load current to a power trans-
mission link, the main branch comprising at least one
main module with at least one sub-branch comprising at
least one mechanical switch-disconnector connected in
series with at least one breaker cell constituted of at least
one power semiconductor element with controlled duty
ratio, the main branch being connected in series with a
first switch, the mechatronic circuit breaker and the first
switch forming an assembly having a first terminal and a
second terminal, respectively connected to a source and
the power transmission link, the method comprising the
following steps :

a) first close the at least one mechanical switch-dis-
connector and the at least one power semiconductor
element with controlled duty ratio;
b) close the first switch.

[0020] According to a mode of implementation, the
main branch is also connected in series with a pre-inser-
tion module, the pre-insertion module comprising a pre-
insertion resistance in parallel with a by-pass switch, the
mechatronic circuit breaker, the first switch and the pre-
insertion module forming an assembly having, as termi-
nals, the first terminal and the second terminal, the meth-
od being characterized in that, after step b) completion,
the method comprises the following steps:

c) a step of fault detection on the power transmission
link,
d) if a fault is detected on the power transmission
link at step c) then stop the closing, otherwise close
the by-pass switch.

[0021] According to a mode of implementation, the
step c) of fault detection on the power transmission link
involves the repeated measurement of a voltage differ-
ence between the first and the second terminals.
[0022] According to a mode of implementation, before
the closing of the mechatronic circuit breaker starts, the
voltage difference between the first and the second ter-
minals is above the sum of a first withstand voltage of
the at least one power semiconductor element with con-
trolled duty ratio and a second voltage corresponding to
the product of an electrical resistance of the pre-insertion
resistance by a making current of the main branch.
[0023] The aforementioned aims are, at least partly,
attained by a method for closing a mechatronic circuit
breaker, the circuit breaker having a main branch adapt-
ed for conducting a nominal load current to a power trans-
mission link, the main branch comprising at least one
main module with at least one sub-branch comprising at
least one mechanical switch-disconnector connected in
series with at least one breaker cell constituted of at least
one power semiconductor element with controlled duty
ratio, the at least one mechanical switch-disconnector
comprises, in series, a plurality of disconnecting mod-
ules, each disconnecting module comprises, in parallel,
a mechanical switch and a disconnecting surge arrester,
each disconnecting module being also adapted to with-
stand, at its terminals, a second withstand voltage, the
main branch being connected in series with at least one
pre-insertion module, the pre-insertion module compris-
es a pre-insertion resistance in parallel with a by-pass
switch, the mechatronic circuit breaker and the pre-in-
sertion module forming an assembly having two termi-
nals said first terminal and second terminal, respectively
connected to a source and the power transmission link,
the method comprising the following steps :

a) close the at least one power semiconductor ele-
ment with controlled duty ratio;
b) close a finite number α of mechanical switches of
the at least one mechanical switch-disconnector, the
finite number α being defined as a positive integer
so that the product of the number of unclosed me-
chanical switches by the second withstand voltage
is greater than the voltage difference between the
first and the second terminals;
c) close one by one the remaining unclosed mechan-
ical switches
d) after completion of step c) close the by-pass
switch.

[0024] According to a mode of implementation, the
product of the number of unclosed mechanical switches
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by the second withstand voltage is as close as possible
to the voltage difference between the first and the second
terminals.
[0025] According to a mode of implementation, the
aforementioned methods for closing the mechatronic cir-
cuit breaker initially comprise a charging of the power
transmission link.
[0026] According to a mode of implementation, the
charging of the power transmission link involves a step
a1) of closing a first temporization branch in parallel with
a main branch, and which comprises, in series, a first
thyristor and at least one first switching-assistance mod-
ule with at least one first capacitor, electrically in parallel
with a first discharge resistance and a first voltage surge
arrester, the closing of the first temporization branch
comprising the switching on of the first thyristor so that
the at least one first capacitor charges.
[0027] According to a mode of implementation, the
charging of the power transmission link further comprises
a step a2) of waiting until the current flowing through the
first temporization branch reaches zero, and then a step
a3) of fault detection on the power transmission link.
[0028] According to a mode of implementation, the
step a3) comprises the repeated measurements of the
voltage difference between the first and the second ter-
minal.
[0029] According to a mode of implementation, if a fault
is detected on the power transmission link at step c) then
stop the closing of the mechatronic circuit breaker, oth-
erwise continue the closing of the mechatronic circuit
breaker.
[0030] According to a mode of implementation, the me-
chatronic circuit breaker further comprises an arming
branch in parallel with the main branch, and which com-
prises, in series, a third thyristor and at least one third
switching-assistance module with at least one third ca-
pacitor, electrically in parallel with a third discharge re-
sistance (DR3), the method being characterized in that
the stopping of the closing of the mechatronic circuit
breaker comprises the following steps:

a4) switching on the third thyristor so that current
from flowing in the first temporization branch is di-
verted into the arming branch;
a5) a step of waiting until current diverted from the
first temporization branch into the arming branch
reaches zero;
a6) after step a5), a step of discharging the at least
one first capacitor and the at least one third capacitor
into, respectively, the first discharge resistance and
the third discharge resistance.

[0031] According to a mode of implementation, if no
fault is detected, the charging of the power transmission
link further comprises a step a7) of discharging the at
least one first capacitor after the first thyristor stops con-
ducting.
[0032] According to a mode of implementation, the

charging of the power transmission link involves a step
a11) of closing an arming branch in parallel with main
branch, and which comprises, in series, a third thyristor
and at least one third switching-assistance module with
at least one third capacitor, electrically in parallel with a
third discharge resistance, the closing of the arming
branch comprises the switching on of the third thyristor
so that the at least one third capacitor charges.
[0033] According to a mode of implementation, the
charging of the power transmission link further comprises
a step a12) of waiting until the current flowing through
the arming branch reaches zero, and then a step a13) of
fault detection on the power transmission link at least
while the arming branch is closed.
[0034] According to a mode of implementation, the
step a13) comprises the repeated measurement of the
voltage difference between the first and the second ter-
minals.
[0035] According to a mode of implementation, if a fault
is detected on the power transmission link at step a12)
then stop the closing of the mechatronic circuit breaker,
otherwise continue the closing of the mechatronic circuit
breaker.
[0036] According to a mode of implementation, the
charging of the power transmission link further comprises
a step a14) of discharging the at least one third capacitor
after the third thyristor stops conducting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Other characteristics and advantages of the in-
vention will become clear from the description that follows
of modes of implementing the method for closing a me-
chatronic circuit breaker according to the invention, given
as non-limiting examples, with reference to the appended
drawings in which:

- Figure 1 is an electrical circuit diagram of a me-
chatronic circuit breaker for an implementation of the
closing method according to the invention,

- Figure 2 is an electrical circuit diagram of the main
branch of a mechatronic circuit breaker for an imple-
mentation of the closing method according to the in-
vention,

- Figure 3 is an electrical circuit diagram of the first
temporization branch of a mechatronic circuit break-
er for an implementation of the closing method ac-
cording to the invention,

- Figure 4 is an electrical circuit diagram of the second
temporization branch of a mechatronic circuit break-
er for an implementation of the closing method ac-
cordihg to the invention,

- Figure 5 is an electrical circuit diagram of the arming
branch of a mechatronic circuit breaker for an imple-
mentation of the closing method according to the in-
vention.

- Figure 6 is an electrical diagram of a mechanical
switch-disconnector UFS which comprises, in se-
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ries, a plurality of disconnecting modules for an im-
plementation of the closing method according to the
invention,

DETAILED DESCRIPTION OF PARTICULAR EMBOD-
IMENTS

[0038] Although specifically described with reference
to the application of building up (power restoration) high
direct currents in a distribution and/or transmission line,
other applications of the invention may be envisaged.
[0039] In particular, the invention proposes the closing
of a Mechatronic Circuit Breaker (MCB) for restoring pow-
er flow in a power transmission link connected to a ter-
minal of said MCB. In particular, the method for closing
the MCB is implemented on a MCB having a main branch
M as described in the patent application [1], in the name
of the applicant of the present invention.
[0040] All along the description "connected" means
"electrically connected", "in series" means "electrically
connected in series", "in parallel" means "electrically con-
nected in parallel", "closed" means rendered electrically
conductive, "open" means rendered electrically noncon-
ductive.
[0041] It is understood that, without it being necessary
to specify it, the MCB has two terminals, said first terminal
111 and second terminal 112 (FIG. 1), respectively con-
nected to a supply power transmission link S (hereafter
"source S") and a fed power transmission link C (here-
after "power transmission link C").
[0042] It is understood that, when the main branch M
is closed, the supply power transmission link S provides
power to the power transmission link C via said main
branch M. In other words, the main branch M is adapted
for conducting a nominal load current to a power trans-
mission link C.
[0043] FIG. 1 depicts an overall electrical architecture
of a mechatronic circuit-breaker 10 comprising the main
branch M.
[0044] The main branch M comprises at least one main
module. The description is limited to a main branch M
which comprises only one main module, but a plurality
of identical main modules connected in parallel or in se-
ries can be considered and fall within the scope of the
present invention.
[0045] The main branch M comprises at least one me-
chanical switch-disconnector UFS electrically in series
with two breaker cells 101a, 101b (Figure 2). The breaker
cells 101a and 101b are constituted, respectively, of at
least one power semiconductor element with controlled
duty ratio 1010a and 1010b. The breaker cells 101a, 101b
may preferably be mounted at the end of the main branch
M on either side of the mechanical switch-disconnector
UFS.
[0046] As illustrated in figure 6, the mechanical switch-
disconnector UFS may comprise at least one disconnect-
ing module. In a preferred embodiment, the mechanical
switch-disconnector comprises, in series, a plurality of

disconnecting module DM1, DM2, ..., DMn. Each discon-
necting module DM1, DM2,..., DMn of the plurality of dis-
connecting modules can comprise a mechanical switch
MS1, MS2, ..., MSn.
[0047] As an alternative, each disconnecting module
DM1, DM2,..., DMn of the plurality of disconnecting mod-
ules can comprise, in parallel, a mechanical switch MS1,
MS2, ..., MSn and a disconnecting surge arrester DSA1,
DSA2, ..., DSAn,
[0048] The mechanical switch MS1, MS2, ..., MSn can
comprise a switch, typically having a breaking capacity
that can reach an alternating current of a few kA. Each
disconnecting module being also adapted to withstand,
at its terminals, a voltage ΔUDM. For example, the me-
chanical switch disconnector UFS can comprise 4 to 8
disconnecting modules DM1, DM2,..., DMn, each having
a withstand voltage ΔUDM in the 20 kV to 80 kV range.
[0049] The mechanical switch-disconnector UFS is de-
picted in figures 5, 5Aand 6, and described in §[178]-[189]
of the patent application [1] cited at the end of the de-
scription.
[0050] An electromagnetic actuator developed specif-
ically for operating mechanical switch-disconnectors of
the invention is described and claimed in the patent ap-
plication [2] cited at the end of the description.
[0051] Each of the at least one power semiconductor
element with controlled duty ratio 1010a and 1010b may
comprise silicon-based insulated gate bipolar transistors
(IGBT). They may equally be components based on sil-
icon carbide, currently at the development stage, such
as JFET/BJT hybrid transistors, or even GTO thyristors.
[0052] The breaker cell 101a can be constituted of an
insulated gate bipolar transistor (IGBT) 1010a mounted
in anti-parallel with a diode 1011b. The breaker cell 101b
can be constituted of an insulated gate bipolar transistor
(IGBT) 1010b mounted in antiparallel with a diode 1011a.
[0053] Each breaker cell 101a, 101b can be connected
in parallel with a respective voltage surge arrester 103a,
103b designed to limit the voltage to a value less than
the withstand voltage of the IGBT transistor 1010a,
1010b. For an IGBT transistor 1010a, 1010b with a with-
stand voltage of 4500 V, it is typical to set a maximum
voltage value equal to 4000 V limited by the respective
limiter 103a, 103b.
[0054] The breaker cells 101a and 101b can be con-
nected in parallel, respectively, with snubbers 104a and
104b. For example, a snubber 104a, 104b may comprise
in series a capacitor and discharge resistor. Other con-
figurations may be contemplated and in particular the
one described in §[0127] of the document [1] cited at the
end of the description.
[0055] As shown by Figure 1, the main branch M may
be connected in series with at least one pre-insertion
module P1 so that the mechatronic circuit breaker 10 and
the pre-insertion module P1 form an assembly having
the two terminals said first terminal 111 and second ter-
minal 112. The pre-insertion module P1 may comprise a
pre-insertion resistance Rins in parallel with a by-pass
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switch S2.
[0056] If a plurality of pre-insertion modules is consid-
ered, said pre-insertion modules are in series. In that
case, the user may select a specific pre-insertion module
among the plurality of pre-insertion modules either for
the closing or the current interruption procedure. In par-
ticular, the user may select a pre-insertion module for
which the pre-insertion Rins is the most appropriate for
circulating a specific current.
[0057] The main branch M may be connected in series
with a first switch S1. The mechatronic circuit breaker 10
and the first switch S1 then form an assembly having the
two terminals, said first terminal 111 and second terminal
112. The first terminal 111 and second terminal 112 are,
respectively, connected to the source S and the power
transmission link C. As exemplified in figures 1 and 2,
the second terminal 112 can correspond to a terminal of
the first switch S1.
[0058] Both the pre-insertion module P1 and the first
switch S1 can also be considered in combination.
[0059] The mechatronic circuit breaker 10 may option-
ally comprise a first temporization branch T1 in parallel
with the main branch M (figures 1 and 3).
[0060] The first temporization branch T1 may com-
prise, in series, at least a first thyristor THY1 and at least
one first switching-assistance module with at least one
first capacitor C1, electrically in parallel with a first dis-
charge resistance DR1 and a first voltage surge arrester
SA1. The first temporization branch T1 may further com-
prise a switch ST1 in series with the first discharge re-
sistance DR1, so that the assembly comprising the switch
ST1 and the first discharge resistance DR1 is in parallel
with the first capacitor C1.
[0061] The mechatronic circuit breaker may further
comprise a second temporization branch T2 in parallel
with the first temporization branch T1 (figure 1 and 4).
[0062] The second temporization branch T2 may com-
prise, in series, at least a second thyristor THY2 and at
least one second switching-assistance module with at
least one second capacitor C2, electrically in parallel with
a second discharge resistance DR2 and a second volt-
age surge arrester SA2. The second temporization
branch T2 may further comprise a switch ST2 in series
with the second discharge resistance DR2, so that the
assembly comprising the switch ST2 and the second dis-
charge resistance DR2 is in parallel with the second ca-
pacitor C2.
[0063] During an opening phase of the mechanical cir-
cuit breaker 10 (and as described in the document [1]),
the first temporization branch T1 performs the diversion
of the current for sufficient time for the at least one me-
chanical switch-disconnector UFS to begin to open and
to be able to withstand a first voltage level, and to ensure
a voltage drop sufficiently small not to lead to conduction
in the voltage surge arresters 103a, 103b connected in
parallel to the power semiconductor components 1010a,
1010b of the main branch M. The first temporization
branch T1 also ensures a voltage drop sufficiently high

to facilitate the switching of the current to the second
temporization branch T2 at the appropriate time, and a
storing of a voltage sufficient to turn off its own power in
the first thyristor THY1 when the second temporization
branch T2 begins to conduct.
[0064] The mechatronic circuit breaker 10 may further
comprise an arming branch Arm (figures 1 and 5) in par-
allel with the main branch M, and which comprises, in
series, at least a third thyristor THY3 and at least one
third switching-assistance module with at least one third
capacitor C3, electrically in parallel with a third discharge
resistance DR3. The arming temporization branch Arm
may further comprise a switch ST3 in series with the third
discharge resistance DR3, so that the assembly com-
prising the switch ST3 and the third discharge resistance
DR3 is in parallel with the third capacitor C3.
[0065] The mechatronic circuit breaker may further
comprise an extinction branch Ex, in parallel with the arm-
ing branch Arm, which comprises a third surge arrester
SA3 (figure 1).
[0066] During an opening phase of the mechanical cir-
cuit breaker 10, the second temporization branch T2 per-
forms the diversion of the current from the first tempori-
zation branch T1 to itself once the at least one mechanical
switch-disconnector UFS has reached a first level of
opening and for the time necessary for the at least one
mechanical switch-disconnector UFS to acquire the die-
lectric strength necessary to be able to withstand the in-
terruption voltage at the first 111 and the second 112
terminals.
[0067] The second temporization branch T2 also en-
sures a voltage drop sufficiently low not to lead to dielec-
tric breakdown of the at least one mechanical switch-
disconnector USF.
[0068] The second temporization branch T2 further en-
sures a voltage drop sufficiently high to facilitate switch-
ing of the current present in said second temporization
branch T2 to the arming branch Arm at the appropriate
time, and to store a sufficient voltage and energy to turn
off power of the second thyristor THY2 when the arming
branch Arm begins to conduct.
[0069] The arming branch Arm ensures the insertion
of a variable instantaneous impedance into the circuit.
The instantaneous impedance may be defined as the
ratio of the instantaneous voltage at its terminals to the
instantaneous current that flows through it.
[0070] Regarding the characteristics of the compo-
nents of the Mechanical Circuit breaker, or the opening
phase (current breaking process), the man skilled in the
art can refer to the patent application [1] cited at the end
of the description.
[0071] According to a first embodiment of the invention,
the closing of the mechatronic circuit breaker 10 com-
prises a first step a) of closing the mechanical switch-
disconnector UFS. The closing of the mechanical switch-
disconnector is advantageously carried out when the
voltage difference ΔU=U1-U2 between the first 111 and
the second 112 terminals is below a predetermined first
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threshold voltage ΔUt. Furthermore, the mechatronic cir-
cuit breaker 10 comprises the pre-insertion module P1.
If the switch S1 is considered, it is in a conducting state
("closed"). It is also understood that before starting the
method for closing the mechatronic circuit breaker 10,
the by-pass switch S2 is in a non-conducting state
("open").The closing of the mechanical switch-discon-
nector UFS is triggered by a specific instruction or order
of closing communicated to said mechanical switch-dis-
connector UFS by a controller or an electronic card or a
computer or any other electronic device.
[0072] Advantageously, the voltage difference ΔU is
repeatedly measured, and compared with the predeter-
mined first threshold voltage ΔUt before triggering step
a).
[0073] The method for closing the mechatronic circuit
breaker 10, further comprises the following steps:

b) close the by-pass switch S2;
c) close the at least one power semiconductor ele-
ment with controlled duty ratio 1010a, 1010b.

[0074] Steps b) and c) are triggered by communicating
a specific instruction or an order of closing to the by-pass
switch S2 and to the at least one power semiconductor
element with controlled duty ratio 1010a, 1010b. The spe-
cific instruction or the order of closing can be communi-
cated by a controller or an electronic card or a computer
or any other electronic device.
[0075] The predetermined first threshold voltage is a
voltage for which arcing is prevented or at least limited
so that no contact welding of the mechanical switches
MS1, MS2, ..., MSn occur. The predetermined first
threshold voltage may depend on the closing sequence,
in particular on the order of the steps for closing the me-
chatronic circuit breaker. The determination of the pre-
determined first threshold voltage is within the knowledge
of the man skilled in the art and is not further discussed
in the present application.
[0076] In a first variant of this first embodiment, the
predetermined first threshold voltage ΔUt is a first with-
stand voltage ΔU100 of the at least one power semicon-
ductor element with controlled duty ratio 1010a, 1010b.
The first withstand voltage ΔU100 is less than 5%, pref-
erably less than 1%, of the maximum withstand voltage
of the mechatronic circuit breaker 10.
[0077] Furthermore, according to this variant, steps a)
and b) are carried out, almost simultaneously, and the
step c) of closing the at least one power semiconductor
element with controlled duty ratio 1010a, 1010b is trig-
gered upon completion of step a).
[0078] The closing time t1, upon reception of a closing
order, of the mechanical switch-disconnector UFS is
known, or may be characterized by the user before the
commissioning of the mechatronic circuit breaker 10.
Therefore, the triggering of the step c) can be delayed
by, at least, the time t1 with respect of step a).
[0079] In this specific first variant, there is no pre-arcing

in the mechanical switch-disconnector UFS neither does
it harm any component of the main branch.
[0080] In a second variant of the first embodiment of
the invention, the predetermined voltage ΔUt is the sum
of a first withstand voltage ΔU100 and a second voltage
ΔU200. The first withstand voltage ΔU100 is the withstand
voltage of the at least one power semiconductor element
with controlled duty ratio 1010a, 1010b and the second
voltage ΔU200 is the product of an electrical resistance
Ri of the pre-insertion resistance Rins by a current Imake.
The current Imake is a making current of the main branch
M.
[0081] The making current of the main branch M is the
maximum current that can be circulated through the me-
chatronic circuit breaker, at the moment of closing said
main branch M, without triggering any welding or dam-
ages of the mechanical switches MS1, MS2, ..., MSn.
Said making current is likely to be lower than the maxi-
mum current that can be circulated through the me-
chatronic circuit breaker after closing of the main branch
M. The determination of the making current is within the
technical knowledge of the man skilled in the art and is
not further describe in this application.
[0082] Furthermore, according to this second variant,
step c) is triggered when the current I flowing through the
main branch M is below a current threshold It, advanta-
geously It is below 90% of the making current Imake, and
the step b) is carried out upon completion of step c).
[0083] In this specific second variant, pre-arcing can
occur in the mechanical switch-disconnector UFS when
ΔUt is above a first withstand voltage ΔU100, and dissi-
pate more or less energy. As soon as the mechanical
switch-disconnector USF closes, the current starts flow-
ing through it, and in the voltage surge arresters 103a,
103b connected in parallel to the power semiconductor
components 1010a, 1010b. The voltage surge arresters
103a, 103b are thus dimensioned for this energy absorp-
tion. Therefore contact welding of the mechanical switch-
es MS1, MS2, ..., MSn or any other damage to the com-
ponents of the main branch is prevented.
[0084] In a third variant of the first embodiment of the
invention, the method of closing the mechatronic circuit
breaker comprises the closing of the first temporization
branch T1. In particular, the first temporization branch
T1 and the at least one mechanical switch-disconnector
UFS are closed simultaneously during step a).
[0085] Afterwards, the step c) of closing the at least
one power semiconductor element with controlled duty
ratio 1010a, 1010b is executed before the current ITHY1
flowing through the first thyristor THY1 falls below a hold-
ing current of said thyristor THY1. Finally, successively
discharge the at least one first capacitor C1, and perform
step b). The holding current of a thyristor is the current
below which said thyristor stops by itself conducting cur-
rent (it is in an open state).
[0086] Advantageously, the discharge of the at least
one first capacitor C1 can be carried out by closing the
switch ST1 in series with the first discharge resistance
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DR1.
[0087] Advantageously, the predetermined first
threshold voltage ΔUt is a first withstand voltage ΔU100
of the at least one power semiconductor element with
controlled duty ratio 1010a, 1010b.
[0088] Advantageously, the current ITHY1 is repeatedly
measured at least before carrying out step c).
[0089] According to a second embodiment of the in-
vention, the mechatronic circuit breaker 10 comprises
the first switch S1. It is also understood that before start-
ing the method for closing the mechatronic circuit breaker
10, the first switch S1 is in a non-conducting state
("open").
[0090] If the pre-insertion module P1 is considered, the
by-pass switch S2 is in a conducting state ("closed").
[0091] In a first variant of this second embodiment, the
closing of the mechatronic circuit breaker 10 comprises
the following steps:

a) first close the at least one mechanical switch-dis-
connector UFS and the at least one power semicon-
ductor element with controlled duty ratio 1010a,
1010b; and
b) close the first switch S1.

[0092] Advantageously, the at least one power semi-
conductor element with controlled duty ratio 1010a,
1010b comprises IGBTs that are closed during the step
a).
[0093] In a second variant of this second embodiment,
the mechatronic circuit breaker 10 comprises the pre-
insertion module P1 and the switch S1. Before the closing
of the mechatronic circuit breaker starts, both the by-pass
switch S2 and the switch S1 are in a non-conducting state
("open").
[0094] The closing method of the mechatronic circuit
breaker 10 comprises the following successive steps:

a) first close the at least one mechanical switch-dis-
connector UFS and the at least one power semicon-
ductor element with controlled duty ratio 1010a,
1010b; and
b) close the first switch S1,
c) perform fault detection on the power transmission
link C,
d) if a fault is detected on the power transmission
link C at step c), then stop the closing, otherwise
close the by-pass switch S2.

[0095] Performing fault detection may comprise the re-
peated measurements of the voltage difference ΔU=U1-
U2 between the first 111 and the second 112 terminals
and/or the current flowing through the power transmis-
sion link C.
[0096] In the event of a fault is present on the power
transmission link C, the current and voltage difference
ΔU=U1-U2 pattern will exhibit differences from a healthy
transmission mean as:

1/ The reflections of current/voltage waves arrive
earlier than expected;
2/ The power transmission link C does not charge
up ;
3/ The current stays at a higher level than if no fault
is present.

[0097] This second variant of the second embodiment
is advantageously considered in case, before the closing
of the mechatronic circuit breaker starts, the voltage dif-
ference ΔU=U1-U2 is above the sum of the first withstand
voltage ΔU100 of the at least one power semiconductor
element with controlled duty ratio 1010a, 1010b and the
second voltage ΔU200, the second voltage ΔU200 being
the product of the electrical resistance Ri of the pre-in-
sertion resistance Rins by the current Imake, the current
Imake being a making current of the main branch.
[0098] According to a third embodiment of the inven-
tion, the at least one mechanical switch-disconnector
UFS comprises, in series, the plurality of disconnecting
modules DM1, DM2, ... DMn, each disconnecting mod-
ule DM1, DM2, ... DMn comprises, the mechanical switch
MS1, MS2, ..., MSn. Each disconnecting module is also
adapted to withstand, at its terminals, a voltage ΔUDM.
The mechatronic circuit breaker 10 comprises the pre-
insertion module P1, and before starting the closing of
the mechanical circuit breaker 10, the by-pass switch S2
is in a non-conductive state. If the switch S1 is consid-
ered, it is in a conducting state ("closed").
[0099] According to the third embodiment, the method
for closing the mechatronic circuit breaker 10 comprises
the following successive steps:

a) close the at least one power.semiconductor ele-
ment with controlled duty ratio 1010a, 1010b;
b) close a finite number α of the mechanical switches
MS1, MS2, ..., MSn of the at least one mechanical
switch-disconnector UFS, the finite number α being
defined as a positive integer so that the product of
the number of unclosed mechanical switches x ΔUDM
is greater than the voltage difference ΔU=U1-U2 be-
tween the first and the second terminal.
c) close one by one the remaining unclosed mechan-
ical switches MS1, MS2, ..., MSn;
d) after completion of step c), close the by-pass
switch S2.

[0100] Advantageously, the product of the number of
unclosed mechanical switches after step b) is adjusted
so that the product of said number of unclosed mechan-
ical switches x ΔUDM remains minimum and just greater
the voltage difference ΔU=U1-U2.
[0101] The mechanical switches MS1, MS2, ..., MSn
of each disconnecting module DM1, DM2, ... DMn can
be connected in parallel with a disconnecting surge ar-
rester DSA1, DSA2, ..., DSAn. In order to avoid uneven
voltage distribution across the mechanical switch discon-
nector UFS, each disconnecting surge arrester DSA1,
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DSA2, ..., DSAn is specifically dimensioned to ensure a
voltage grading across the mechanical switch-discon-
nector UFS.
[0102] Whatever the closing method, the method for
closing the mechatronic circuit breaker 10 can initially
comprise a charging of the power transmission link C.
"initially comprise" means the first step or first step se-
quence to be carry out.
[0103] Prior to closing the mechatronic circuit breaker
10, and more specifically the main branch M, it might be
useful to charge the power transmission link C and to
verify that the current and voltage measurement located
at the first 111 and second 112 terminals correspond to
an healthy link.
[0104] By healthy link, we mean that the power trans-
mission link C is healthy.
[0105] To this end, an auxiliary branch (for example
the first temporization branch T1 and/or the arming
branch Arm) can be used to inject charges into the power
transmission link C for raising the voltage on said power
transmission link C.
[0106] In parallel, a constant monitoring of the voltage
and/or the current on the power transmission link C can
be carried out for detected the possible presence of a
fault on the power transmission link C.
[0107] Furthermore, in case of fault detection on the
power transmission link C, a rapid interruption of the
charging and/or the closing can be triggered.
[0108] A fault detection may be associated with at least
one of the following feature:

1/ the reflections of current/voltage waves arrive ear-
lier than expected
2/ the power transmission link C does not charge up;
3/ the current stays at a higher level than if no fault
is present.

[0109] The charging sequence of the power transmis-
sion link C can involve a careful raise of the voltage in
order not to create disturbances in the network.
[0110] In the following, two charging method embodi-
ments of the power transmission link C will be described.
[0111] Whatever the charging method of the power
transmission link C, if the pre-insertion module P1 is con-
sidered, the by-pass switch S2 is in a non-conducting
state ("open"), and if the first switch S1 is considered, it
is in a conducting state ("close).
[0112] In a first embodiment, the charging of the power
transmission link C involves a step a1) of closing the first
temporization branch T1. The closing of the first tempo-
rization branch T1 comprises the switching "ON"
("closed") of the first thyristor THY1 so that the at least
one first capacitor C1 charges.
[0113] When the first thyristor THY1 is switched "ON",
a current flows through the first temporization branch T1.
Therefore the first capacitor C1 charges until the voltage
at its terminals reaches the withstand voltage of the first
voltage surge arrester SA1, thus rendering the first volt-

age surge arrester SA1 conducting. Once the voltage
difference ΔU=U1-U2 between the first 111 and the sec-
ond 112 terminals is zero or close to zero, the current
almost stops flowing through the first temporization
branch T1, and the first thyristor THY1 switches in the
"OFF" state ("open").
[0114] Therefore, the charging of the power transmis-
sion link C can further comprise a step a2) of fault detec-
tion on the power transmission link C while executing
step a3) of waiting until the current flowing through the
first temporization branch T1 reaches zero.
[0115] Step a2) can comprise repeated measurements
of the voltage difference ΔU=U1-U2 between the first 111
and the second 112 terminals.
[0116] Furthermore, if a fault is detected on the power
transmission link C at step a2), then stop the closing of
the mechatronic circuit breaker 10, otherwise continue
the closing of the mechatronic circuit breaker 10.
[0117] In case a fault is detected during the charging,
stopping the closing of the mechatronic circuit breaker
10 comprises the following steps:

a4) switch on the third thyristor THY3 so that current
flowing in the first temporization branch T1 is diverted
into the arming branch Arm;
a5) wait until current diverted from the first tempori-
zation branch T1 into the arming branch Arm reaches
zero;
a6) after step a5), discharge the at least one first
capacitor C1 and the at least one third capacitor C3
into, respectively, the first discharge resistance DR1
and the third discharge resistance DR3.

[0118] All the steps a1) to a6) are executed via com-
mands sent to the appropriate element of the mechatron-
ic circuit breaker 10, and generated by a controller or an
electronic card or a computer or any other electronic de-
vice, and equipped with a specific software. Monitoring
tools like Voltmeters and/or current measurement sys-
tems can also be employed. It is within the knowledge of
the man skilled in the art to implement and configure such
tools, therefore no other details will be given in the de-
scription. This statement applies to any other step that
can be considered in this charging method embodiment.
[0119] Advantageously, a step a6) starts only after
deionization of the first THY1 and the third THY3 thyris-
tors. Therefore, a specific delay can be implemented in
between steps a5) and a6), said specific delay being
longer the deionization time of the first THY1 and the
third THY3 thyristors.
[0120] Advantageously, if no fault is detected, the
charging of the power transmission link C may further
comprise a step a7) of discharging the at least one first
capacitor C1 after the first thyristor THY1 stops conduct-
ing.
[0121] Advantageously, a step a7) starts only after
deionization of the first thyristor THY1. Therefore, a spe-
cific delay can be implemented before step a7) starts,
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said specific delay being longer the deionization time of
the first thyristor THY1. "after a thyristor stops conduct-
ing" means that the current flowing is below a current
level, close to zero or even zero, for which said thyristor
is considered as open (in a non-conducting state). The
man skilled in the art is familiar with the technical features
related to the thyristor which are not further detailed in
the present invention.
[0122] As soon as the charging is completed, any clos-
ing of the mechatronic circuit breaker 10 described in the
present invention may be considered.
[0123] Charging the power transmission link C accord-
ing to the first embodiment lead a full of said power trans-
mission link C. In other words, the voltage difference ΔU
is close to zero at the end of said charging procedure.
[0124] In a second embodiment, the charging involves
a step a11) of closing the arming branch Arm in parallel
which comprises the switching "ON" of the third thyristor
THY3 (closing of the third thyristor) so that the at least
one third capacitor C3 charges.
[0125] In this second embodiment, the charging may
further comprise
a step a12) of fault detection on the power transmission
link (C) executed while a step a13) waiting until the cur-
rent flowing through the arming branch (Arm) reaches
zero.
[0126] The step a12) may comprise the repeated
measurements of the voltage difference ΔU=U1-U2 be-
tween the first 111 and the second 112 terminals.
[0127] In case a fault is detected on the power trans-
mission link C at step a12), the closing of the mechatronic
circuit breaker 10 is stopped, otherwise continue the clos-
ing of the mechatronic circuit breaker 10.
[0128] The charging also comprises a step a14) of dis-
charging the at least one third capacitor C3 after the third
thyristor THY3 stops conducting.
[0129] Advantageously, a step a14) starts only after
deionization of the third thyristor THY3. Therefore, a spe-
cific delay can be implemented before step a14) starts,
said specific delay being longer the deionization time of
the third thyristor THY3.
[0130] Steps a11) to a14) are advantageously carried
out successively.
[0131] All the steps a11) to a14) are executed via com-
mands sent to the appropriate element of the mechatron-
ic circuit breaker 10, and generated by a controller or an
electronic card or a computer or any other electronic de-
vice, and equipped with a specific software. Monitoring
tools like Voltmeters and/or current measurement sys-
tems can also be employed. It is within the knowledge of
the man skilled in the art to implement and configure such
tools, therefore no other details will be given in the de-
scription.
[0132] The full charging of the power transmission link
C can be achieved by repeating the charging according
to this second embodiment until the voltage difference
ΔU is close to zero. The charging method according to
this second embodiment is sometimes called "multistep

charging method" whereas the charging method accord-
ing to the first embodiment lead to the full charge of the
power transmission link C in one step.
[0133] The first and the second charging embodiment
of the power transmission link C can be combined during
the closing of the mechatronic circuit breaker 10. In par-
ticular, the second embodiment can be carried out in case
the charging according to the first embodiment has to be
stopped, after fault detection for example.
[0134] Furthermore, the first embodiment for the
charging of the power transmission link C as well as the
second embodiment for the charging of the power trans-
mission link C can be executed without considering the
closing of the circuit breaker.
[0135] In other words, the invention also concerns the
charging of the power transmission link C for detecting
a fault on the power transmission link C.
[0136] The methods described in the present invention
can be implemented for the closing of an existing me-
chatronic circuit breaker comprising at least the main
branch M without necessary involving any modification
or upgrade of said mechatronic circuit breaker.
[0137] Furthermore, the way of closing the mechatron-
ic circuit breaker 10 may be selected among the specific
embodiments presented in the description to avoid or at
least limit the damaging of the power transmission link
C and/or the main branch.
[0138] Contrary to known closing process of conven-
tional circuit breaker, according to the present invention,
it is possible to detect the presence of a fault before clos-
ing the mechatronic circuit breaker.
[0139] The present invention shall not be limited to the
specific configuration of the mechatronic circuit breaker
described, and the man skill in the art can adapt the teach-
ing of this invention to other circuit breakers.

REFERENCES
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[1] US20150002977;
[2] US2014340182.

Claims

1. A method for closing a mechatronic circuit breaker,
the mechatronic circuit breaker having a main branch
(M) adapted for conducting a nominal load current
to a power transmission link (C), the main branch
(M) comprising at least one main module with at least
one sub-branch comprising at least one mechanical
switch-disconnector (UFS) connected in series with
at least one breaker cell (101a, 101b) constituted of
at least one power semiconductor element with con-
trolled duty ratio, the main branch (M) being connect-
ed in series with at least one pre-insertion module
(P1), the pre-insertion module (P1) comprising a pre-
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insertion resistance (Rins) in parallel with a by-pass
switch (S2), the mechatronic circuit breaker and the
pre-insertion module (P1) forming an assembly hav-
ing a first terminal (111) and a second terminal (112),
respectively connected to a source (S) and the power
transmission link (C), the method comprising the fol-
lowing steps :

a) first closing the at least one mechanical
switch-disconnector (UFS) when the voltage dif-
ference between the voltages at the first and the
second terminal is below a predetermined first
threshold voltage;
b) closing the by-pass switch (S2);
c) closing the at least one power semiconductor
element with controlled duty ratio (1010a,
1010b).

2. A method according to claim 1, wherein the prede-
termined first threshold voltage is a first withstand
voltage of the at least one power semiconductor el-
ement with controlled duty ratio (1010a, 1010b), the
method being further characterized in that the
steps a) and b) are carried out almost simultaneous-
ly, and the step c) of closing the at least one power
semiconductor element with controlled duty ratio
(1010a, 1010b) is triggered upon completion of step
a).

3. A method according to claim 1, wherein the prede-
termined first threshold voltage is the sum of a first
withstand voltage of the at least one power semicon-
ductor element with controlled duty ratio (1010a,
1010b) and a second voltage corresponding to the
product of an electrical resistance of the pre-insertion
resistance (Rins) by a making current of the at least
one mechanical switch-disconnector (UFS), the
method being further characterized in that step c)
is triggered when the current flowing through the
main branch (M) is below a current threshold and
the step b) is carried out upon completion of step c).

4. A method according to claim 1, wherein the me-
chatronic circuit breaker (10) further comprises a first
temporization branch (T1) in parallel with the main
branch (M), the first temporization branch (T1) com-
prising, in series, at least one first thyristor (THY1)
and at least one first switching-assistance module,
with at least one first capacitor (C1), electrically in
parallel with a first discharge resistance (DR1) and
a first voltage surge arrester (SA1), the method being
characterized in that the first temporization branch
(T1) and the at least one mechanical switch-discon-
nector (UFS) are closed simultaneously during step
a), then followed by step c) of closing the at least
one power semiconductor element with controlled
duty ratio (1010a, 1010b) before the current flowing
through the first thyristor (THY1) falls below a holding

current of said thyristor (THY1), and successively
discharge the at least one first capacitor (C1), and
finally performing step b).

5. A method according to claim 4, wherein the dis-
charge of the at least one first capacitor (C1) is car-
ried out by closing a switch (ST1) in series with the
first discharge resistance (DR1).

6. A method according to claim 4 or 5, wherein the pre-
determined first threshold voltage is a first withstand
voltage of the at least one power semiconductor el-
ement with controlled duty ratio (1010a, 1010b).

7. A method for closing a mechatronic circuit breaker
(10), the circuit breaker (10) having main branch (M)
adapted for conducting a nominal load current to a
power transmission link (C), the main branch (M)
comprising at least one main module with at least
one sub-branch comprising at least one mechanical
switch-disconnector (UFS) connected in series with
at least one breaker cell (101a, 101b) constituted of
at least one power semiconductor element with con-
trolled duty ratio (1010a, 1010b), the main branch
(M) being connected in series with a first switch (S1),
the mechatronic circuit breaker (10) and the first
switch (S1) forming an assembly having a first ter-
minal (111) and a second terminal (112), respective-
ly connected to a source (S) and the power trans-
mission link (C), the method comprising the following
steps :

a) first closing the at least one mechanical
switch-disconnector (UFS) and the at least one
power semiconductor element with controlled
duty ratio (1010a, 1010b); and
b) closing the first switch (S1).

8. A method according to claim 7, wherein the main
branch (M) is also connected in series with a pre-
insertion module (P1), the pre-insertion module (P1)
comprising a pre-insertion resistance (Rins) in par-
allel with a by-pass switch (S2), the mechatronic cir-
cuit breaker (10), the first switch (S1) and the pre-
insertion module (P1) forming an assembly having,
as terminals, the first terminal (111) and the second
terminal (112), the method being characterized in
that, after completion of step b), the method com-
prises the following steps:

c) detecting a fault on the power transmission
link (C), and
d) if a fault is detected on the power transmission
link (C) at step c) then terminating the closing of
the mechatronic circuit breaker (10), or if no fault
is detected, closing the by-pass switch (S2).

9. A method according to claim 8, wherein before the
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closing of the mechatronic circuit breaker (10) starts,
the voltage difference between the first (111) and
the second (112) terminals is above the sum of a
first withstand voltage of the at least one power sem-
iconductor element with controlled duty ratio (1010a,
1010b) and a second voltage corresponding to the
product of an electrical resistance of the pre-insertion
resistance (Rins) by a making current of the main
branch (M).

10. A method for closing a mechatronic circuit breaker
(10), the circuit breaker having a main branch (M)
adapted for conducting a nominal load current to a
power transmission link (C), the main branch (M)
comprising at least one main module with at least
one sub-branch comprising at least one mechanical
switch-disconnector (UFS) connected in series with
at least one breaker cell (101a, 101b) constituted of
at least one power semiconductor element with con-
trolled duty ratio (1010a, 1010b), the at least one
mechanical switch-disconnector (UFS) comprising,
in series, a plurality of disconnecting modules, each
disconnecting module (DM1, DM2, ... DMn) com-
prises, in parallel, a mechanical switch (MS1,
MS2, ..., MSn) and a disconnecting surge arrester
(DSA1, DSA2, ..., DSAn), each disconnecting mod-
ule being also adapted to withstand, at its terminals,
a second withstand voltage, the main branch (M) be-
ing connected in series with at least one pre-insertion
module (P1), the pre-insertion module (P1) compris-
es a pre-insertion resistance (Rins) in parallel with a
by-pass switch (S2), the mechatronic circuit breaker
(10) and the pre-insertion module (P1) forming an
assembly having two terminals said first terminal and
second terminal, respectively connected to a source
(S) and the power transmission link (C), the method
comprising the following steps :

a) closing the at least one power semiconductor
element with controlled duty ratio (1010a,
1010b);
b) closing a finite number α of mechanical
switches (MS1, MS2, ..., MSn) of the at least
one mechanical switch-disconnector (UFS), the
finite number α being defined as a positive inte-
ger so that the product of the number of unclosed
mechanical switches by the second withstand
voltage is greater than the voltage difference be-
tween the first (111) and the second (112) ter-
minals;
c) closing one by one the remaining unclosed
mechanical switches (MS1, MS2, ..., MSn); and
d) after completion of step c) closing the by-pass
switch (S2).

11. A method according to claim 1 to 10, wherein the
method for closing the mechatronic circuit breaker
(10) comprises initially charging the power transmis-

sion link (C).

12. A method according to claim 11, wherein the charg-
ing of the power transmission link (C) involves a step
a1) of closing a first temporization branch (T1) in
parallel with main branch (M), and which comprises,
in series, at least one first thyristor (THY1) and at
least one first switching-assistance module with at
least one first capacitor (C1), electrically in parallel
with a first discharge resistance (DR1) and a first
voltage surge arrester (SA1), the closing of the first
temporization branch (T1) comprising the switching
on of the at least one first thyristor (THY1) so that
the at least one first capacitor (C1) charges.

13. A method according to claim 11 or 12, wherein the
charging of the power transmission link (C) further
comprises a further step a2) of detecting a fault on
the power transmission link (C) while executing a
step a3) of waiting until the current flowing through
the first temporization branch (T1) reaches zero.

14. A method according to claim 13, wherein the step
a2) comprises repeatedly measuring the voltage dif-
ference between the first (111) and the second (112)
terminals.

15. A method according to claim 13 or 14, wherein if a
fault is detected on the power transmission link (C)
at step a2) then terminating the closing of the me-
chatronic circuit breaker (10), and if no fault is de-
tected, continuing the closing of the mechatronic cir-
cuit breaker (10).

16. A method according to claim 15, wherein the me-
chatronic circuit breaker (10) further comprises an
arming branch (Arm) in parallel with the main branch
(M), and which comprises, in series, a third thyristor
(THY3) and at least one third switching-assistance
module with at least one third capacitor (C3), elec-
trically in parallel with a third discharge resistance
(DR3), the method being characterized in that the
terminating of the closing of the mechatronic circuit
breaker (10) comprises the following steps:

a4) switching on the third thyristor (THY3) so
that current flowing in the first temporization
branch (T1) is diverted into the arming branch
(Arm);
a5) waiting until current diverted from the first
temporization branch (T1) into the arming
branch (Arm) reaches zero;
a6) after step a5), discharging the at least one
first capacitor (C1) and the at least one third ca-
pacitor (C3) into, respectively, the first discharge
resistance (DR1) and the third discharge resist-
ance (DR3).

21 22 



EP 3 373 317 A1

13

5

10

15

20

25

30

35

40

45

50

55

17. A method according to claim 15, wherein, if no fault
is detected, the charging of the power transmission
link (C) further comprises a step a7) of discharging
the at least one first capacitor (C1) after the first thy-
ristor (THY1) stops conducting.

18. A method according to claim 11, wherein the charg-
ing of the power transmission link (C) includes a step
a11) of closing an arming branch (Arm) in parallel
with main branch (M), and which comprises, in se-
ries, a third thyristor (THY3) and at least one third
switching-assistance module with at least one third
capacitor (C3), electrically in parallel with a third dis-
charge resistance (DR3), the closing of the arming
branch (Arm) comprising the switching on of the third
thyristor (THY3) so that the at least one third capac-
itor (C3) charges.
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