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(54) FULL-BRIDGE MODULE, HYBRID DIRECT CURRENT CIRCUIT BREAKER OF FULL-BRIDGE 
MODULE, AND APPLICATION METHOD

(57) A full-bridge module, a hybrid direct current cir-
cuit breaker of a full-bridge module and an application
method, the full-bridge module comprising: two power
electronic units (1, 2, 3, 4), two diodes (5, 6), a resistor
(R1) and a capacitor (C); the two power electronic units
(1, 2, 3, 4) are in reverse series connection to form an
upper bridge arm; the two diodes (5, 6) are in common
anode series connection or common cathode series con-
nection to form a lower bridge arm; and once the resistor
(R1) and the capacitor (C) are in parallel connection,
same are connected between the upper bridge arm and
the lower bridge arm.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201910030591.X filed with the CNI-
PA on Jan. 14, 2019, the disclosure of which is incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure belongs to the technical
field of power electronics, for example, relates to a full-
bridge module, a hybrid direct current circuit breaker
based on a full-bridge module, and an application method
of a hybrid direct current circuit breaker.

BACKGROUND

[0003] A high-voltage direct current circuit breaker has
become one of the key equipment to ensure stable, safe
and reliable operation of a system with the application of
a multiterminal voltage source converter based high-volt-
age direct current transmission (VSC-HVDC) and direct
current power grid technology. The direct current circuit
breaker technology combines a mechanical switch and
a fully-controlled power electronic switch, so that the di-
rect current circuit breaker technology has both the low
loss characteristic of the mechanical switch and the fast
breaking characteristic of the power electronic switch.
Thus, the direct current circuit breaker technology is one
of the most effective technical ways to apply direct current
breaking in a high-voltage transmission system. When
applied to a multiterminal VSC-HVDC and direct current
power grid with high-capacity overhead lines, the high-
voltage direct current circuit breaker should not only have
the characteristics of high speed and low loss, but also
have strong current breaking and high working reliability.
[0004] In the related art, a full-bridge-based hybrid di-
rect current circuit breaker has the ability to cut off a fault
current of 25 kA in 3 ms and has good technical perform-
ance, laying a solid foundation for engineering applica-
tion. However, in the topology structure of the full-bridge-
based hybrid direct current circuit breaker, each device
needs to be connected in parallel with resistance-capac-
itance and damping circuits, which requires a large
number of capacitors, thus increasing the overall volume
of the circuit breaker and not conducive to a compact
design. A full-bridge sub-module has also been disclosed
in the related art, and requires a large number of insulated
gate bipolar transistor (IGBT) devices, thus increasing
the cost and the overall volume of the circuit breaker.
Due to the existence of a large number of IGBTs, and
each IGBT is driven separately, the required driving pow-
er is large and the secondary wiring is complicated.
Meanwhile, the reliability of driving control will be reduced
and the performance of the circuit breaker will be affect-
ed.

SUMMARY

[0005] To solve the problem existing in the related art,
the present disclosure provides a full-bridge module, a
hybrid direct current circuit breaker based on a full-bridge
module, and an application method of a hybrid direct cur-
rent circuit breaker.
[0006] A full-bridge module is provided in an embodi-
ment of the present disclosure and includes two power
electronic units, two diodes, a resistor and a capacitor.
[0007] The two power electronic units are connected
in reverse series to form an upper leg.
[0008] The two diodes are connected in series to form
a lower leg, and anodes or cathodes of the two diodes
are connected together.
[0009] The resistor and the capacitor are connected in
parallel and then connected between the upper leg and
the lower leg.
[0010] A hybrid direct current circuit breaker based on
a full-bridge module is further provided in an embodiment
of the present disclosure and includes a primary path
branch, a transfer branch and an energy absorption
branch, where the primary path branch, the transfer
branch and the energy absorption branch are connected
in parallel.
[0011] The primary path branch includes a plurality of
full-bridge modules.
[0012] The transfer branch includes a plurality of fully-
controlled power electronic devices or a plurality of units
including a fully-controlled power electronic device.
[0013] The primary path branch further includes a
switch connected in series to the plurality of full-bridge
modules.
[0014] An application method of a hybrid direct current
circuit breaker is further provided in an embodiment of
the present disclosure and includes steps described be-
low and includes steps described below.
[0015] In condition that a system in which the hybrid
direct current circuit breaker is located operates normally,
a switch of the primary path branch of the hybrid direct
current circuit breaker is closed and a full-bridge module
of the primary path branch is kept at a trigger state.
[0016] In condition that the system in which the hybrid
direct current circuit breaker is located fails, the full-
bridge module of the primary path branch is turned off,
a fully-controlled power electronic device of a transfer
branch is kept at a trigger state, and after a fault current
is transferred to the transfer branch, the switch of the
primary path branch is opened.
[0017] After the fault current is transferred to the ener-
gy absorption branch of the hybrid direct current circuit
breaker, the hybrid direct current circuit breaker clears
the fault current.

BRIEF DESCRIPTION OF DRAWINGS

[0018]
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FIG. 1 A is a schematic diagram showing a full-bridge
module in which anodes of diodes in a lower leg are
connected together according to an embodiment of
the present disclosure;
FIG. 1B is a schematic diagram showing a full-bridge
module in which cathodes of diodes in a lower leg
are connected together according to an embodiment
of the present disclosure;
FIG. 2A is a schematic diagram showing a full-bridge
module whose power electronic unit is formed by a
single fully-controlled power electronic device ac-
cording to an embodiment of the present disclosure;
FIG. 2B is a schematic diagram showing a full-bridge
module whose power electronic unit is formed by
fully-controlled power electronic devices connected
in parallel according to an embodiment of the present
disclosure;
FIG. 2C is a schematic diagram showing a full-bridge
module whose power electronic unit is formed by
fully-controlled power electronic devices connected
in series according to an embodiment of the present
disclosure;
FIG. 2D is a schematic diagram showing a full-bridge
module whose power electronic unit is formed by
fully-controlled power electronic devices first con-
nected in parallel and then connected in series ac-
cording to an embodiment of the present disclosure;
FIG. 2E is a schematic diagram showing a full-bridge
module whose power electronic unit is formed by
fully-controlled power electronic devices first con-
nected in series and then connected in parallel ac-
cording to an embodiment of the present disclosure;
FIG. 3A is a schematic diagram of a path in which a
current flows from left to right when a full-bridge mod-
ule is turned on according to an embodiment of the
present disclosure;
FIG. 3B is a schematic diagram showing a path in
which a current flows from right to left when a full-
bridge module is turned on according to an embod-
iment of the present disclosure;
FIG. 4A is a schematic diagram showing a path in
which a current flows from left to right when a full-
bridge module is turned off according to an embod-
iment of the present disclosure;
FIG. 4B is a schematic diagram showing a path in
which a current flows from right to left when a full-
bridge module is turned off according to an embod-
iment of the present disclosure;
FIG. 5 is a schematic diagram of a topology structure
of a hybrid direct current circuit breaker according to
an embodiment of the present disclosure;
FIG. 6A is a schematic diagram in which power elec-
tronic switches are first connected in series and then
connected in parallel in a primary path branch of a
hybrid direct current circuit breaker according to an
embodiment of the present disclosure;
FIG. 6B is a schematic diagram in which power elec-
tronic switches are first connected in parallel and

then connected in series in a primary path branch of
a hybrid direct current circuit breaker according to
an embodiment of the present disclosure; and
FIG. 7 is a schematic diagram of a topology structure
of a hybrid direct current circuit breaker using a full-
bridge module according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0019] To understand the present disclosure, the con-
tent of the present disclosure is described with reference
to drawings and examples of the description.
[0020] Since a relatively large number of damping
components and high-potential control units are adopted
in the hybrid direct current circuit breaker, the hybrid di-
rect current circuit breaker has the characteristics of com-
plex structure design and complex control electrical wir-
ing. Therefore, a full-bridge module and an application
method thereof in a hybrid direct current circuit breaker
are provided, which simplifies the topology structure of
a cascade full-bridge direct current circuit breaker, re-
duces the number of high-potential control units, electri-
cal wiring and power requirements, and conducive to a
reduction of the overall volume of the circuit breaker and
the improvement of working reliability.

Embodiment one

[0021] A full-bridge module is provided in an embodi-
ment of the present disclosure and includes two power
electronic units, two diodes, a resistor and a capacitor.
[0022] The two power electronic units are connected
in reverse series to form an upper leg.
[0023] The two diodes are connected in series to form
a lower leg, and anodes or cathodes of the two diodes
are connected together.
[0024] The resistor and the capacitor are connected in
parallel and then connected between the upper leg and
the lower leg.
[0025] The power electronic unit includes one or more
sub-modules, each of the one or more sub-modules is
formed by a fully-controlled power electronic device in
inverse-parallel connection with one diode and the diode,
and a direction of a diode of each power electronic unit
is opposite to a direction of one diode of the lower leg
corresponding to the each power electronic unit.
[0026] In a case of a plurality of sub-modules, the plu-
rality of sub-modules are connected in a manner includ-
ing: in series, in parallel, first in series and then in parallel,
and first in parallel and then in series.
[0027] The fully-controlled power electronic device in-
cludes: an IGBT, an integrated gate commutated thyris-
tors (IGCT), an injection enhanced gate transistor
(IEGT), or a gate turn-off thyristor (GTO).
[0028] A hybrid direct current circuit breaker based on
a full-bridge module is provided in an embodiment of the
present disclosure and includes a primary path branch,

3 4 



EP 3 913 805 A1

4

5

10

15

20

25

30

35

40

45

50

55

a transfer branch and an energy absorption branch,
where the primary path branch, the transfer branch and
the energy absorption branch are connected in parallel.
[0029] The primary path branch includes a plurality of
full-bridge modules of any one of the preceding embod-
iments.
[0030] The transfer branch includes a plurality of fully-
controlled power electronic devices or a plurality of units
including a fully-controlled power electronic device.
[0031] The primary path branch further includes a
switch connected in series to the plurality of full-bridge
modules.
[0032] The energy absorption branch includes a varis-
tor.
[0033] The plurality of full-bridge modules in the prima-
ry path branch are connected first in parallel and then in
series or connected first in series and then in parallel.
[0034] The plurality of fully-controlled power electronic
devices or the plurality of units including the fully-control-
led power electronic device in the transfer branch are
connected in series.
[0035] An application method of a hybrid direct current
circuit breaker is further provided in the present disclo-
sure and includes steps described below.
[0036] In condition that a system in which the hybrid
direct current circuit breaker is located operates normally,
a switch of the primary path branch of the hybrid direct
current circuit breaker is closed and a full-bridge module
of the primary path branch is kept at a trigger state.
[0037] In condition that the system in which the hybrid
direct current circuit breaker is located fails, the full-
bridge module of the primary path branch is turned off,
a fully-controlled power electronic device of a transfer
branch is kept at a trigger state, and after a fault current
is transferred to the transfer branch, the switch of the
primary path branch is opened.
[0038] After the fault current is transferred to the ener-
gy absorption branch of the hybrid direct current circuit
breaker, the hybrid direct current circuit breaker clears
the fault current.
[0039] In an embodiment, the step in which in condition
that a system in which the hybrid direct current circuit
breaker is located operates normally, a switch of the pri-
mary path branch of the hybrid direct current circuit break-
er is closed and a full-bridge module of the primary path
branch is kept at a trigger state includes a step described
below.
[0040] The current passes from an input end through
a diode in inverse-parallel connection with a fully-control-
led power electronic device in one power electronic unit
of the upper leg of the full-bridge module, and then pass-
es through a fully-controlled power electronic device in
the other power electronic unit of the upper leg to flow
out of the full-bridge module.
[0041] In an embodiment, the step in which in condition
that the system in which the hybrid direct current circuit
breaker is located fails, the full-bridge module of the pri-
mary path branch is turned off, a fully-controlled power

electronic device of a transfer branch is kept at a trigger
state, and after a fault current is transferred to the transfer
branch, the switch of the primary path branch is opened
includes steps described below.
[0042] Based on a received breaking command, the
fully-controlled power electronic device of the full-bridge
module of the primary path branch is turned off, and a
capacitor of the full-bridge module of the primary path
branch is charged through the fault current.
[0043] In condition that a voltage across two ends of
the hybrid direct current circuit breaker reaches a turn-
on voltage of the transfer branch, the fault current is trans-
ferred to the transfer branch.
[0044] After the fault current transfer is completed, the
switch of the primary path branch is opened.

1. The full-bridge module provided in the present dis-
closure includes two power electronic units, two di-
odes, a resistor and a capacitor. The two power elec-
tronic units are connected in reverse series to form
an upper leg. The two diodes are connected in series
to form a lower leg, and anodes or cathodes of the
two diodes are connected together. The resistor and
the capacitor are connected in parallel and then con-
nected between the upper leg and the lower leg.
Thus, common damping of devices connected in re-
verse series is achieved, the number of passive el-
ements is reduced, and the topology design is sim-
plified, conducive to a reduction of the volume and
cost of equipment.
2. The full-bridge module, the hybrid direct current
circuit breaker based on a full-bridge module, and
an application method are provided in the present
disclosure, achieving the potential unification of fully-
controlled power electronic devices, conducive to a
reduction of the number of high-potential control
units, simplifying the control electrical wiring, and
conducive to the improvement of the overall reliability
of equipment.
3. The full-bridge module, the hybrid direct current
circuit breaker based on a full-bridge module, and
an application method are provided in the present
disclosure, achieving the compact press-fitting struc-
ture design of fully-controlled power electronic de-
vices of the hybrid direct current circuit breaker, easy
to reduce stray parameters and to achieve overvolt-
age suppression, and improving the overall applica-
tion reliability and economy.

Embodiment two

[0045] In an embodiment, a full-bridge module in-
cludes power electronic units, diodes, a resistor and a
capacitor. A full-bridge structure is formed by two power
electronic units and two diodes. The capacitor and a re-
sistor R are connected in parallel and then connected
between the upper leg and the lower leg of the full-bridge
module. As shown in FIG. 1, the full-bridge module has
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two basic structures. The two diodes may be connected
to each other with a common anode, as shown in FIG. 1
A, and the two diodes may be connected to each other
with a common cathode, as shown in FIG. 1 B. The power
electronic unit in the full-bridge module also has two im-
plementation forms: the power electronic unit may be
formed by a single fully-controlled power electronic de-
vice, or may be formed by fully-controlled power elec-
tronic devices connected in series, in parallel or a com-
bination thereof. The fully-controlled power electronic de-
vice may be an IGBT, an IGCT, an IEGT, a GTO or an-
other power electronic device. Embodiments are as
shown in FIG. 2 A, FIG. 2 B, FIG. 2C, FIG. 2D and FIG. 2E.
[0046] In an embodiment, the full-bridge module oper-
ates as described below.
[0047] When the full-bridge module is turned on, if a
current flows from left to right, the current flows through
the diodes connected anti-parallel to IGBT1 and to IGBT2
respectively and flows through IGBT3 and IGBT4, as
shown in FIG. 3A; and if a current flows from right to left,
the current flows through the diodes connected anti-par-
allel to IGBT3 and IGBT4 respectively and flows through
IGBT1 and IGBT2, as shown in FIG. 3B.
[0048] When the full-bridge module is turned off, if a
current flows from left to right, the current flows through
the diodes connected anti-parallel to IGBT1 and to IGBT2
respectively and flows through the capacitor of the mod-
ule and a diode 5, as shown in FIG. 4A; and if a current
flows from right to left, the current flows through the di-
odes connected anti-parallel to IGBT3 and IGBT4 re-
spectively and flows through the capacitor of the module
and a diode 6, as shown in FIG. 4B.
[0049] As shown in FIG. 5, a hybrid direct current circuit
breaker includes three branches connected in parallel
with each other: a primary path branch, a transfer branch
and an energy absorption branch. The primary path
branch includes a fast mechanical switch K and a small
number of power electronic switches and is configured
to carry the rated current of a system when the system
normally operates. The transfer branch includes fully-
controlled power electronic devices connected in series
or units formed by fully-controlled power electronic de-
vices and connected in series, and is configured to break
the short-circuit current of the system. The energy ab-
sorption branch includes multiple groups of lightning ar-
rester units and is configured to absorb the inductive en-
ergy of the system and remove a fault current.
[0050] The full-bridge module provided in the present
disclosure may be used for the design of the power elec-
tronic switch in the hybrid direct current circuit breaker.
The power electronic switch in the primary path branch
may be formed by a plurality of full-bridge modules con-
nected in series and in parallel. Two modes of implemen-
tation exist: the plurality of full-bridge modules are con-
nected first in series and then in parallel, as shown in
FIG. 6A; the plurality of full-bridge modules are connect-
ed first in parallel and then in series, as shown in FIG.
6B. The power electronic switch in the transfer branch is

formed by fully-controlled power electronic devices con-
nected in series or by a plurality of units including a fully-
controlled power electronic device connected in series.
[0051] As shown in FIG. 7, the topology of the hybrid
direct current circuit breaker based on a full-bridge mod-
ule is used to illustrate an operation process.
[0052] When the system normally operates, a load cur-
rent merely flows through the primary path branch, that
is, the load current merely flows through the fast mechan-
ical switch K and the power electronic switch of the pri-
mary path branch. At this time, controllable devices, IG-
BTs, in a power electronic switch are kept at a trigger
state, and the load current flows through the diodes in
the upper leg of a full-bridge module connected anti-par-
allel to the left IGBTs, flows through the two right IGBTs
connected in parallel in the upper leg, and flows out of
the full-bridge module. At this time, the current does not
flow through the capacitor branch in the module. After a
fault occurs, the hybrid direct current circuit breaker re-
ceives a system breaking command, the power electronic
switch of the primary path branch is latched, and the pow-
er electronic switch in the transfer branch is kept at a
trigger state. The IGBTs in the power electronic switch
of the primary path branch are turned off. At this time,
the fault current flows through the capacitor branch in the
module to charge the capacitor. When the voltage across
two ends of the circuit breaker reaches the turn-on volt-
age of the transfer branch, the fault current is transferred
from the primary path branch to the transfer branch. After
the transfer is completed, the fast mechanical switch K
is broken. After the fast mechanical switch K is broken,
the power electronic switch of the transfer branch is
latched to achieve the transfer of the current from the
transfer branch to the energy absorption branch and to
complete fault current breaking. The direct current circuit
breaker has basically the same off and on process as a
cascade full-bridge direct current circuit breaker. The
transfer branch is turned on, and if turn-on is performed
on a sound line, the primary path branch is triggered; if
turn-on is performed on a fault line, the transfer branch
is latched.
[0053] The embodiments of the present application
may be provided as methods, systems or computer pro-
gram products. Therefore, the present application may
take the form of completely hardware embodiments,
completely software embodiments, or a combination of
software and hardware embodiments. Moreover, the
present application may take the form of a computer pro-
gram product implemented on one or more computer-
usable storage media (including a disk memory, a com-
pact disc read-only memory (CD-ROM), an optical mem-
ory, etc.) that include computer-usable program codes.
[0054] The present application is described with refer-
ence to flowcharts and/or block diagrams of methods,
devices (systems) and computer program products ac-
cording to the embodiments of the present application.
In the present application, computer program instructions
may be used to implement each flow and/or block in the
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flowcharts and/or block diagrams and a combination of
flows and/or blocks in the flowcharts and/or block dia-
grams. These computer program instructions may be
provided for a processor of a general-purpose computer,
a special-purpose computer, an embedded processor or
another programmable data processing device to pro-
duce a machine, so that instructions, which are executed
via the processor of the computer or another program-
mable data processing equipment, create a means for
implementing the functions specified in one or more flows
in the flowcharts and/or in one or more blocks in the block
diagrams.
[0055] These computer program instructions may also
be stored in a computer-readable memory which is able
to direct a computer or another programmable data
processing device to operate in a particular manner, so
that the instructions stored in the computer-readable
memory produce an article of manufacture including in-
struction means which implement the functions specified
in one or more flows in the flowcharts and/or in one or
more blocks in the block diagrams.
[0056] These computer program instructions may also
be loaded onto a computer or another programmable da-
ta processing device so that a series of operation steps
are performed on the computer or another programmable
device to produce processing implemented by a compu-
ter. Therefore, instructions executed on a computer or
another programmable device provide steps for imple-
menting the functions specified in one or more flows in
the flowcharts and/or in one or more blocks in the block
diagrams.

Claims

1. A full-bridge module, comprising: two power elec-
tronic units, two diodes, a resistor and a capacitor;

wherein the two power electronic units are con-
nected in reverse series to form an upper leg,
the two diodes are connected in series to form
a lower leg, anodes or cathodes of the two di-
odes are connected together, and
the resistor and the capacitor are connected in
parallel and then connected between the upper
leg and the lower leg.

2. The full-bridge module of claim 1, wherein each of
the two power electronic units comprises one or
more sub-modules, each of the one or more sub-
modules is formed by a fully-controlled power elec-
tronic device in inverse-parallel connection with one
diode and the diode, and a direction of a diode of
each of the two power electronic units is opposite to
a direction of one diode of the lower leg correspond-
ing to the each of the two power electronic units.

3. The full-bridge module of claim 2, wherein the one

or more sub-modules comprises a plurality of sub-
modules, the plurality of sub-modules are connected
in a manner comprising: in series, in parallel, first in
series and then in parallel, and first in parallel and
then in series.

4. The full-bridge module of claim 2, wherein the fully-
controlled power electronic device comprises: an in-
sulated gate bipolar transistor, IGBT, an integrated
gate commutated thyristor, IGCT, an injection en-
hanced gate transistor, IEGT, or a gate turn-off thy-
ristor, GTO.

5. A hybrid direct current circuit breaker based on a full-
bridge module, comprising: a primary path branch,
a transfer branch and an energy absorption branch,
wherein the primary path branch, the transfer branch
and the energy absorption branch are connected in
parallel;

wherein the primary path branch comprises a
plurality of full-bridge modules of any one of
claims 1 to 4;
the transfer branch comprises a plurality of fully-
controlled power electronic devices or a plurality
of units comprising a fully-controlled power elec-
tronic device; and
the primary path branch further comprises a
switch connected in series to the plurality of full-
bridge modules.

6. The hybrid direct current circuit breaker of claim 5,
wherein the energy absorption branch comprises a
varistor.

7. The hybrid direct current circuit breaker of claim 5,
wherein the plurality of full-bridge modules in the pri-
mary path branch are connected first in parallel and
then in series or connected first in series and then
in parallel.

8. The hybrid direct current circuit breaker of claim 5,
wherein the plurality of fully-controlled power elec-
tronic devices or the plurality of units comprising the
fully-controlled power electronic device in the trans-
fer branch are connected in series.

9. An application method of the hybrid direct current
circuit breaker of any one of claims 5 to 8, comprising:

in response to a system in which the hybrid direct
current circuit breaker is located operating nor-
mally, closing the switch of the primary path
branch of the hybrid direct current circuit breaker
and keeping the plurality of full-bridge modules
of the primary path branch at a trigger state;
in response to the system in which the hybrid
direct current circuit breaker is located being

9 10 
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failed, turning off the plurality of full-bridge mod-
ules of the primary path branch, keeping a fully-
controlled power electronic device of the trans-
fer branch at a trigger state, and after a fault
current is transferred to the transfer branch,
opening the switch of the primary path branch;
and after the fault current is transferred to the
energy absorption branch of the hybrid direct
current circuit breaker, clearing, by the hybrid
direct current circuit breaker, the fault current.

10. The method of claim 9, wherein in response to the
system in which the hybrid direct current circuit
breaker is located operating normally, the closing
the switch of the primary path branch of the hybrid
direct current circuit breaker and keeping the plurality
of full-bridge modules of the primary path branch at
the trigger state comprises:
a current passing from an input end through a diode
connected anti-parallel to a fully-controlled power
electronic device in one of the two power electronic
units of the upper leg of the full-bridge module, and
then passing through a fully-controlled power elec-
tronic device in the other of the two power electronic
units of the upper leg to flow out of the full-bridge
module.

11. The method of claim 9, wherein in response to the
system in which the hybrid direct current circuit
breaker is located being failed, turning off the plural-
ity of full-bridge modules of the primary path branch,
keeping the fully-controlled power electronic device
of the transfer branch at the trigger state, and after
the fault current is transferred to the transfer branch,
opening the switch of the primary path branch com-
prises:

based on a received breaking command, turning
off a fully-controlled power electronic device of
the plurality of full-bridge modules of the primary
path branch, and charging capacitors of the plu-
rality of full-bridge modules of the primary path
branch through the fault current;
in response to a voltage across two ends of the
hybrid direct current circuit breaker reaching a
turn-on voltage of the transfer branch, transfer-
ring the fault current to the transfer branch; and
opening the switch of the primary path branch
after the fault current transfer is completed.
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