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(57) Abstract: A circuit-breaker device (10), comprising a main branch (Bm) and an auxiliary branch (Ba) electrically i parallel
with the main branch, wherein the main branch comprises at least one mechanical switch-disconnector (SI, S2) in series with a
breaker cell constituted of at least one semiconductor switch (Qr), and a snubber circuit (Sn2) in parallel with the at least one breaker
cell, the snubber circuit including an energy storage element (Cp), wherein the mechanical switch-disconnector (S1, S2) 1s switchable
to selectively allow current to flow in the main branch in a first mode of operation or commutate current from the main branch to the
auxiliary branch in a second mode of operation, characterized in that the snubber circuit (Sn2) further comprises a bleeder resistor
(R2) arranged to create a counter current mn the main branch when current 1s commutated from the main branch to the auxiliary
branch by discharging the energy storage element (Cp).
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DC CIRCUIT BREAKER WITH COUNTER CURRENT GENERATION

DESCRIPTION

TECHNICAL FIELD

The 1nvention relates "0 a clrcult-breaker

device for use 1n high voltage direct current (HVDC) power

transmission.

STATE OF THE ART

Grid operators 1ncreasingly use high wvoltage

H

direct current (HVDC) to carry high power efficiently over

long distances. A prime reason 1s that for such high power

long-distance 1links, direct current (DC) 1s superior to

alternating current (AC) because 1t can transmit power

without capacitive or i1nductive losses.

DC converter stations also i1mprove the stability

H
p—

of the associated AC networks by decoupling the frequency

H

and phase of those networks. HVDC links are therefore very

useful 1n stabilizing grids which are challenged by a growing

H

contribution o© power Ifrom distributed and 1intermittent

sources such as wind or solar enerqgy.

A key element 1n power networks 1s the circuit

breaker. Its role 1s to protect the network, preventing

fallures and blackouts by rapidly cutting the current in a

malfunctioning element (following a lightning strike, or the

H

breakage of an undersea cable, for example). In this way 1t

H

1solates the fault from the rest of the grid. Circuit

breakers are vital to protect complex interconnected grids,

be they AC or DC.

In AC networks, the current 1s periodically

driven through zero (100 times a second for a 50 Hz network),

and current zero 1s the 1deal i1instant to i1nterrupt.
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H

fetime o:
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ficial current zero can be achilieved by adding an LC

B. Here

the LC circult comprises a series arrangement of an inductor

L,

an 1nterrup

pre—-charged.

The DC Dbreaker o:

cer I and a capaci

ﬁ

figure 1

cor C which 1s permanently

comprises three

branches 1n parallel: a low—-1mpedance branch with the breaker

B

(maln branch)

where current

flows

1n steady state, an

auxlliary branch with the LC circuit and an energy absorber

branch with a surge arrester P.

The swilitching scenario 1s a two-step process.

= Step 1

H

In the closed position of the breaker B, the

current flows through the main branch, the auxiliary and

enerqgy absorber branches plaving no role.

order, toO

lnitiate current commutation

branch to the auxiliary branch,

are separa

—ed while curren

L

still]

flows

chrough

On a trip
from the main

the breaker’s contacts

"he main
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H

branch. An arc of 1ncreasing length 1s thereby drawn

between the breaker’s contacts. When the contacts are

H

sufficiently separated, the 1nterrupter I of the

auxlliary branch 1s closed. The pre-charged capacitor C

discharges through the i1nductor L and the breaker B with

H

a Ifregquency 1mposed by the capacitance and inductance of

H H

this oscillating circuit. If the voltage of the capacitor

1s high enough, the discharge current exceeds the DC
current, current crosses zero and the current 1n the

maln branch 1s i1nterrupted 1n 1less than one period.

Otherwlise the discharge 1nitiates current oscillations
1n the loop formed by the main and auxiliary branches.
The oscillating current 1ncreases and finally exceeds

the DC current that 1s to be i1interrupted. Now the current

flowing through the mailn branch has zero crossings and
the breaker can interrupt the current.

= Step 2. When the arc current 1s i1nterrupted, current

now only flows in the auxiliary branch. The energy 1in

the line (or cable) 1s still too high, and 1t continues

charging up the capacitor. When the knee point voltage

H

of the surge arrester 1s reached, 1t starts conducting,

absorbs energy and clamps the voltage. This voltage

opposes the current flow through the circuit breaker
until the line has no more energy which corresponds to

a zero current. Voltage drops to the knee point voltage

of the surge arrester and current 1s definitely

interrupted.

H

Another example of a DC breaker with artificial

H

current zero creation by means of a LC circuit 1s shown on

figure 2 and described 1in the article from Yeqgi Wang and

Rainer Marquardt, « A fast switching, scalable DC-Breaker

for meshed HVDC-Super-Grids », PCIM-Europe, 20-22 May 2014.
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F

In the closed position of the two breakers Bin,

Bout on the main branch, the capacitor Cpyz 18 charged to the

network voltage. When this circuit Dbreaker 1s set to

interrupt, a mechanism opens the breakers Bin and Bout,
thereby creating an electric arc 1n both breakers. When the
contact separation 1s large enough to ensure voltage

stability, the thyristor Ty 18 closed and 1niltiates a

current in the loop formed by the capacitor Cpz (precharged)

and the inductor Lpz. When the current tries to reverse (1.e.

after a half period), thyristors turn off naturally without

FF

the need for a turn-off command. After thyristors blocking,

the capacitor Cpez ends up with roughly the same charge, but

the voltage 1s reversed. A second current oscillation 1s

then 1nitiated between the capacitor Cpe and inductances Lij

and L.u external to the circuit breaker. The high 1nrush

p—

current of the part of the network on the left and right of

the cilrcuit breaker towards the capacitor Cps creates a zero

i

current 1n the breaker which 1s on the side of the fault. In

case the 1inrush current was much higher than the current

flowing at the instant of switching, diodes Di,, Dour 1n

parallel with the breakers allow current to flow without re-

F

1gnition of the arc and branches labeled DB close the circuit

to keep the loop inductance low and the 1nrush current high.

pr— e

f the network 1nductances Li,, L.ut Still have magnetic

energy, 1t can be dissipated 1n the surge arrester VDRpz. The

H

current 1s reduced to zero and the fault 1s 1solated.

These prior art solutions have the disadvantage

H

of creating a countercurrent which 1s higher than the current

to be cut. Indeed, countercurrent values must exceed the
magnitude of kilo amperes for the circuit breaker of figure
1 and ten kilo amperes for the circuit breaker of figure 2.

Due to the i1nductance 1n the loop 1n which the current must

H

flow, a certailn amount of energy has to be stored which
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H

necessitate capacitors of large volume. Such capacitors are

especlally onerous 1n that they must be mounted i1insulated

from earth and 1solated from each other 1n the second prior

art.

SUMMARY OF THE INVENTION

The invention a1ms at accelerating arc

extinction 1n a HVDC circuit breaker while overcoming the

H

disadvantage of the prior art solutions. To this purpose,

the 1nvention proposes a circult breaker device comprising

a main branch and an auxiliary Dbranch electrically 1in

parallel with the main branch, wherein the main Dbranch

comprises at least one mechanical switch-disconnector 1in

—

series with a breaker cell constituted of at least one

semiconductor switch, and a snubber circuit 1n parallel with
the at least one breaker cell, the snubber circuit including
an energy storage element, wherein the mechanical switch-
disconnector 1s swilitchable to selectively allow current to

H

flow 1n the main branch 1in a first mode of operation or

commutate current from the maln branch to the auxiliary

H

branch 1n a second mode of operation, characterized 1n that

the snubber circuit further comprises a bleeder resistor

arranged to create a counter current i1n the main branch when

current 1s commutated from the main branch to the auxiliary

branch by discharging the energy storage element.

Certain preferred but not limiting features of

this circuit breaker device are as follows:
- the snubber circuit comprises a diode connected 1n
series wilith the energy storage element, the bleeder

resistor being arranged 1n parallel with the diode;

- 1t further comprises a surge arrester 1n parallel with

the at least one breaker cell;
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- the auxiliary branch further comprises at least one

thyristor 1n series with a switching-assistance module

F

constituted by the parallel connection of a capacitor,

a resistor, and a surge arrester;

The 1nvention further relates to a power system
including a transmission line arranged to carry direct
current and a circuit-breaker device according to the
invention coupled to the transmission line to controllably

effecting discontinuation of flow of direct current 1n the

transmission line. The power system may 1i1nclude a High

Voltage Direct Current power transmission system.

DESCRIPTION OF THE DRAWINGS

F

Other aspects, goals, advantages and features of

the 1nvention will appear more clearly on reading the

H

following detaililed description of preferred embodiments

H F

thereof, given by way of non-limiting example and with

reference to the accompanvyving drawing in which:

- figures 1 and 2, already discussed above, show circuit

F

breaker devices of the prior art;

H

- figures Z2a-2c 1llustrate operating modes of another

pr1or art circuit breaker device;

- figure 2Z2d shows the current commutation from the main

H

branch to the auxiliary branch of the prior art circuit

H

breaker device of figures Z2a-2c¢;

- figure 3a shows a circuilit breaker device according to

F

a possible embodiment of the invention;

- figure 3b shows the current commutation from the mailn

H

branch to the auxiliary branch of the circuit breaker

H

of figure 3a.

DESCRIPTION OF PREFERRED EMBODIMENTS
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H

F'igures 2a-2c¢ 1llustrate operating modes of a

prior art circult breaker device 1 with no countercurrent

generation for accelerating arc extinction. Figure 3a shows

a cilrcult Dbreaker device 10 according to a possible

H

embodiment of the 1nvention. As will be apparent from the

below description, the circuit breaker device 10 has the
same topology as the prior art circuit breaker 1 but with an
additional bleeder resistor that allows creating a counter

current. For this reason, common elements 1n the circuit

breaker devices 1 and 10 share the same references.

The circuit Dbreaker devices 1, 10 are each

H
p—

adapted to be coupled to a transmission line of a power

system, arranged to carry direct current, for controllably

effecting discontinuation of flow of direct current 1n the

transmission line. The power system may comprise a High

Voltage Direct Current power transmission system.

i

Fach of the circuit breaker devices 1, 10

comprises a maln branch By 1n which, 1n use, the current

flows under steady conditions and an auxiliary Dbranch Ba

electrically in parallel with the main branch. Each of the

maln and auxiliary branches By, Bx extend between a first and

a second terminal 2, 3 which, 1n use, are connected to a DC

electrical network 4.

The main branch By comprises at least one

mechanical switch-disconnector S1, SZ2 1n series with at least

one breaker cell constituted by at least one semiconductor

switch QOr. The at least one mechanical switch-disconnector

S1, S2 1s for 1nstance a vacuum 1nterrupter. EBEach

semiconductor switch Qp can, for example, be a silicon-based

insulated gate bipolar transistor (IGBT). Alternatively,

other types of turn-off semiconductor device such as a JFET,

MOSFET or bipolar transistor can be used, as could other
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wide-band-gap semiconductor materials such as silicon

carbide or gallium nitride.

The circuit Dbreaker devices 1, 10 further

F

comprise a switching control unit 5 to control switching of

the at least one mechanical switch-disconnector S1, SZ2 and

H

of the at least one semiconductor switch 0.

H

Hence, by means of the switching control unit 5,

the at least one mechanical switch-disconnector S1, S2 1s

switchable to selectively allow current to flow 1n the main

ﬁ

branch By 1n a first mode of operation or commutate current

from the maln branch to the auxiliary branch Bx i1n a second

H

mode of operation.

The main branch By further comprises a snubber

circult Snl, SnZ2 1n parallel with the at least one breaker

cell Qp. The snubber circuilt 1ncludes a diode Dp electrically

1n series wilith an energy storage element such as a capacitor

’

Cp, 1tself electrically 1n parallel with a discharge resistor

R1.

The energy storage element Cp controls the rate

H H

of 1ncrease of the voltage at 1ts terminals when the breaker

cell QOp 1s switched to the OFF state by the switching control

unit 5. The diode Dp prevents violent discharging of the
capacitor Cp when the breaker cell Qp begins to conduct.
Finally, the discharge resistor Rl enables slow discharging

H
p—

of the energy storage element Cp.

Hence, the snubber circuit protects the breaker

cell to which 1t 1s associated by controlling the rate at

which the voltage across 1ts terminals 1ncreases when 1t

switches from the conducting (ON) state to the non-conducting

P ’

(OFF) state. This limitation of the rate of voltage 1ncrease

H
p—

also has a beneficial effect for switching the current from

the mailn branch to the auxiliary branch, 1in the sense that
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H

1t contributes to controlling the di/dt of the current in

sald branch.

Also electrically 1n parallel with the breaker

cell QOp 1s a surge arrester Rp. It 1s designed to limit the

’

voltage to a value less than the withstand voltage of the

breaker cell OQOp.

The auxiliary branch Bp 1s provided 1in parallel

with the main branch By and comprises at least one thyristor

Tl 1n series with a switching-assistance module constituted

ﬁ

by the parallel connection of a capacitor C, a resistor R to

discharge the capacitor, and a surge arrester P. The

switching control module 5 1s further configured to switch

the at least one thyristor Tl between 1ts non-conducting

(OF'F) state and 1ts conducting (ON) state.

When the circuit breaker devices 1, 10 switch

from the main 1nto the auxiliary branch, the surge arresters

RP, P are used one after the other in both branches.

"

Figure 2a 11llustrates the first mode of

operation with current I, flowlng 1n the main branch By.

H

Upon appearance of an electrical fault on the

network 4, current Ip 1ncreases 1n the main branch By. In

order to eliminate this fault, current has to be i1interrupted.

Current interruption 1s performed with the switching control

F

unit 5 i1mplementing the following sequence of operations.

As shown on figure 2b, first the at least one

breaker cell QOpr 1n the main branch By 1s switched off and the

current 1s diverted to the snubber circuit Snl. The snubber

H H

circuit Snl limits the rate of rise of voltage and charges

1ts energy storage element Cp until the parallel surge

arrester Rr conducts.

In a second step, as shown on figure 2c¢, the at

least one thyristor Tl i1in the auxiliary branch Bp 1s switched

CO 1ts conducting state. Simultaneously, opening of the at
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10

least one mechanical switch-disconnector S1, S2 1n the main

branch 1s started.

The current 18 therefore diverted to the

auxlliary branch Ba. Figure 2d shows this current commutation

from the main Dbranch to the auxiliary branch, with Iy

designating the current value 1n the main branch over time

and I, designating the current value 1n the auxiliary branch

over time.

Followling this commutation, the capacitor C 1in

the auxiliary branch Bx gets charged until the parallel surge

arrester P conducts. This last surge arrester P limits the

voltage to a smaller value than the first surge arrester Rp.

ﬁ

The energy storage element Cp of the snubber circuit Sn:

discharges slowly through the parallel discharge resistor

H

R1. Depending on the voltage difference and technology used

(highly non-linear transient voltage suppressor versus non-

linear surge arrester) a current still passes 1n the same

direction as before the second step through the at least one

mechanical switch-disconnector S1, SZ2 1in the main branch By

H

of the prior art circuit breaker device 1, and an electrical

arc 6 1s created.

In order to establish a current zero 1n the

branch and ensure that the arc extinguishes, the i1nvention

F

makes use of the charges stored 1n the energy storage element

Cp 0of the snubber circuit to generate a counter current 1in

the main branch. As shown on figure 3a which represents the

cilrcult breaker device 10 according to the 1nvention, the

snubber circuit SnZ further comprises a bleeder resistor RZ

arranged to create a counter current Ic 1n the main branch

By when current 1s commutated from the main branch to the

auxlliary branch by discharging the energy storage element

Cp.
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11

H

Upon complete discharge of the energy storage

element Cp, the counter current gets stabilized at =zero.

As shown on figure 3a, the bleeder resistor RZ

F

may be arranged 1n parallel with the diode Dpr 0of the snubber

circult Sn-Z.
The bleeder resistor R2 may be i1identical to the

discharge resistor R1l, but can be chosen smaller to adjust

the counter current IcC.

H

The effect of adding the bleeder resistor R2Z2 on

the current 1n the at least one mechanical switch-

disconnector S1, SZ2 can be seen on figure 3b which represents

the current wvalue Iy 1n the main branch over time and the

current value I, in the auxiliary branch over time. A peak

h—

of negative current 1s observed, of a few tens of amperes

H

but of very low duration (less than a millisecond), which

correspond to the counter current Ic created 1n the main

—

branch By. This counter current Ic 1s of very low value

H H

compared to the current to be interrupted, but of sufficient

value to create the zero crossing and accelerate extinction

of the arc. Lifetime of the contacts of the at least one

mechanical switch-disconnector 1s therefore i1mproved, while
the counter-current only necessitates small capacitors to be

generated.
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CLAIMS

1. A circuit-breaker device (10), comprising a maln

branch (By) and an auxiliary branch (Ba) electrically 1in
parallel with the main branch, wherein the main Dbranch
comprises at least one mechanical switch-disconnector (S1,

ﬁ

S2) 1n series with a breaker cell constituted of at least

one semiconductor switch (Qp), and a snubber circuit (Sn2)
1n parallel with the at least one breaker cell, the snubber
clrcult 1ncluding an energy storage element (Cp), wherein

the mechanical switch-disconnector (S1, S2) 1s switchable

to selectively allow current to flow 1n the main branch in

a first mode of operation or commutate current from the
maln branch to the auxiliary branch in a second mode of
operation,

characterized 1n that the snubber circuit (Sn2) further

comprises a bleeder resistor (RZ) arranged to create a

counter current 1n the main branch when current 1s

commutated from the main branch to the auxiliary branch by

discharging the energy storage element (Cp).

i

2. The circuit-breaker device of claim 1, wherein the

snubber circuit (Sn) comprises a diode (Dp) connected 1n
series with the energy storage element (Cp), the bleeder
resistor (R2) being arranged 1n parallel with the diode.

’ ’

3. The circuit-breaker of any one of claims 1-2,

further comprising a surge arrester (Rp) 1n parallel with

the at least one breaker cel.

’ ’

4., The circuit-breaker of any one of claims 1-2,

wherein the auxiliary Dbranch (BA) further comprises at
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least one thyristor (Tl) 1in

assistance module constituted

H

(P) .

PCT/EP2016/051745

series with a switching-

by the parallel connection

of a capacitor (C), a resistor (R), and a surge arrester

5. A power system 1including a transmission line

arranged to carry direct current and a circult-breaker

device according to any one o

transmission line to

H

discontinuation O flow of

transmission line.

ﬁ

o. The power system of

F

claims 1-4 coupled to the

’

controllably effecting

direct current 1n the

claim 5, comprising a High

Voltage Direct Current power transmission system.
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