Office de la Propriete Canadian CA 2860171 A1 2013/06/27

Intellectuelle Intellectual Property
du Canada Office (21) 2 860 1 71
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépdt PCT/PCT Filing Date: 2012/12/21 (51) Cl.Int./Int.Cl. HOTH 33/59 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/06/27 HOTH 9/54 (2006.01), HO2H 7726 (2006.01)

HO2J 3/36 (2006.01)

(85) Entree phase nationale/National Entry: 2014/06/20 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: EP 2012/076782 SIEMENS AKTIENGESELLSCHAFT, DE
(87) N° publication PCT/PCT Publication No.: 2013/093066 (72) Inventeur/Inventor:
(30) Priorités/Priorities: 2011/12/22 (US61/579,336); MOHADDES, MOJTABA, CA
2012/08/28 (US61/693,842) (74) Agent: SMART & BIGGAR

(54) Titre : DISPOSITIF DISJONCTEUR DE CIRCUIT CC HYBRIDE
(54) Title: HYBRID DC CIRCUIT BREAKING DEVICE

FIG 3

N
?..I
™NO
™NO

Qo
-
-

.-.-.-.-.—.ﬂ

28

QO
O

(57) Abréegée/Abstract:

According to the invention a dc(20) breaker Is provided. The dc breaker Is arranged in a main current path (26) connected between
a first dc circult (36) and a second dc circult (7). The dc breaker comprises a primary current path (24) connected to the main
current path. A mechanical interrupter switch (3) and an electronic breaker switch (4) are connected In series In the said primary
current path. Furthermore, a secondary current path (28) Is provided In parallel to the primary current path. In the secondary
current path a capacitor (5) Is arranged so as to be in parallel with the serially connected switches of the primary current path.
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(87) Abstract: According to the invention a dc(20) breaker 1s provided. The dc breaker 1s arranged 1in a main current path (26) con -
nected between a first dc circuit (36) and a second dc circuit (7). The dc breaker comprises a primary current path (24) connected to
the main current path. A mechanical mterrupter switch (3) and an electronic breaker switch (4) are connected in series in the said
primary current path. Furthermore, a secondary current path (28) 1s provided in parallel to the primary current path. In the secondary
current path a capacitor (5) 1s arranged so as to be in parallel with the serially connected switches of the primary current path.
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HYBRID DC CIRCUIT BREAKING DEVIC!

FIELD OF THE INVENTION

The present invention relates to a hvbrid type dc circuit
breaking device comprising a breaker circuilit having seri-
ally connected mechanical and electronic switches and a
capacitor 1n parallel with the serially connected swit-

ches; and more particularly the present i1nvention relates

—

to possible use of the breaker circuit 1n combination

o~
e

tlow of

wlith one or more varistors to stop or allow the

dc current 1n an electric circult. Moreover, thilis i1nven-

tion comprises the fast discharge circuit to allow for

the dc breaker.

—

tfast reclose of

BACKGROUND
A prior art Hybrid dc Circulit breaker as shown 1n Figure
"Protective Hvybrid HVdc

1 1s described in the publication

Breakers - A Key Innovation for Reliable HVdc Grids," by
Jurgen Hafner and Bjorn Jacobson in CIGRE Intemational
Symposium, Bologna, Italy, Sept. 13-15, 2011, which 1s

incorporated herein by reference. More particularly in

the publication a hvyvbrid dc breaker i1s disclosed consist-

o~

1ng of a mechanica.

an electronic aux-

fast dilisconnector,

11li1ary dc breaker and an electronic main dc breaker as

fast

shown 1n Figure 1. During the normal operation the

disconnector, the auxiliary dc breaker and the residual

dc current breaker are closed and the main dc¢ breaker 1s

open. The dc current flows through the residual dc cur-

rent breaker, fast disconnector and the auxiliary dc

breaker and current through the main dc breaker remains
at almost zero. When the breaker 1s regulired to open the
auxliliary dc breaker 1s ordered to open and the main dc
This will]

breaker 1s ordered to close. commutate the cur-

rent to the main dc breaker in a very short time, nor-

o~

fraction of a millisecond. At the same time the

mally a

The me-

mechanical fast disconnector 1s ordered to open.

PCT/EP2012/076782
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chanical fast disconnector opens at zero current as the

dc current 1s already commutated to the malin dc breaker.

Once the mechanical fast disconnector 1s 1n open position

the malin dc breaker breaks the current. The hvbrid dc

breaker 1s able to break fault currents 1n a short time

and has low losses when 1t 1s closed. The hvbrid dc brea-

o~

ker described above offers an acceptable breaking time

for most applications and reasonably low losses, however
1t reguires an electronic main dc breaker. The main dc

breaker must have a voltage rating higher than the rated

o~

voltage of

the dc circuit. It may also be reguired that

the main dc breaker be able to break the dc current 1in

o~

elither direction, which will add to the complexity of its

g~
e

design and 1ncrease the number of

1ts components.

SUMMARY OF THE INVENTION

The present invention 1s simillar to the above mentioned

hvbrid dc breaker 1in using a mechanical switch (which can

be a fast disconnector) and an auxiliary electronic dc

breaker, but 1t replaces the main dc breaker with a ca-

paclitor.

o~

According to one aspect of the invention there 1s pro-

vided circuit breaking device for breaking a current con-

taining a dc component 1n a maln current path connected

between a first dc cilircuit and a second dc circult, the

device comprising:

- a primary current path connected to the main current
path;

- a mechanical 1nterrupter switch connected 1n the pri-
mary current path and having contacts movable relative to

one another between a closed position arranged to conduct

current flowing therethrough and an open position ar-

ranged to break a current flowing therethrough;
- an electronic breaker switch connected 1n series with

the mechanical i1nterrupter switch 1n the primary current
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path and being operable to open from a closed state ar-

ranged to conduct current flowing therethrough to an open

state arranged to break a current flowing therethrough

—

upon receipt of an electronic opening signal;

- a secondary current path connected 1n parallel with the
primary current path; and

- a capacitor connected i1n the secondary current path so
as to be 1n parallel with the serially connected swit-

ches.

Preferably a controller arranged to displace the mechani-

cal switch i1nto the open position immediately subseguent

o~

to opening of the electronic breaker switch. Alterna-

tively the electronic breaker switch can be opened

shortly after opening the mechanical switch.

In preferred embodiments the device also i1ncludes a ter-

tiary current path connected 1n parallel with the primary
current path and the secondary current path, and a varis-
tor connected 1n the tertiary current path so as to be 1in
parallel with the serially connected switches and 1n par-

allel with the capacitor.

When the primary current path and the secondary current

path define a breaker circuit 1n series with the main

current path, the device may further comprise an auxil-

1ary current path connected i1n parallel with the first dc

circult 1n which the auxiliary current path includes an

auxliliary varistor connected 1n series therewith.

When a first varistor 1s connected i1n the tertiary cur-

rent path so as to be in parallel with the serially con-
nected switches and i1n parallel with the capacitor and a

second varistor connected 1n the auxiliary current path,

g~

preferably the knee voltage of the second varistor 1is

less than the knee voltage of the first varistor. The de-

PCT/EP2012/076782
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vice may further include a second auxiliary current path

in parallel with the second dc circuit and a third varis-

tor connected 1n the second auxiliary current path so as

to be 1n parallel with the second dc circuilt.

The device may further comprise an auxiliary 1nterrupter

swltch connected 1n series between the breaker circuilt

—

and either one of the first and second dc circuilts.

The device may further include a fourth current path con-
nected 1n parallel to the primary and secondary current

paths.

The fourth current path preferably comprises a series
connected switch and a damping circult. The damping cir-
cult may comprise a dampling resistor and a damping induc-
tor 1n which the resistor and the i1nductor are connected
1n parallel to each other and together 1n series with the

swilitch.

Alternatively the damping circult may comprise a damplng

resistor connected i1n series with a spark gap and a damp-

1ng i1nductor connected 1n parallel to the serially con-

nected dampling resistor and spark gap.

The switch can be mechanical, electronic, spark gap,

plasma 1njection, vacuum tube or any other device or com-

o

bination of devices that 1s capable of closing the cir-

cult upon recelving a command signal and opening the cir-
cult either by a command signal or when 1ts current or

voltage 1s reduced below a threshold level.

The electronic breaker switch may comprise a solid state

semiconductor based circult breaker or a vacuum tube cilir-

g~
e

cult breaker capable of interrupting current eilther 1in

only one direction or 1n both directions. Various embodi-

PCT/EP2012/076782
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ments of the invention will now be described in conjunc-

tion with the accompanyving drawlings 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

—

Filgure 1 1s a schematlic representation o:

- a prior art dc

o~

cilrcult breaking device i1ncluding a hvbrid of mechanical

and electrical breakers.

—

- a dc circult

Flgure 2 1s a schematlic representation o:

g~

breaking device i1ncluding a hybrid of mechanical and

electrical breakers.

—

- the dc¢ circuilt

Filgure 3 1s a schematilic representation o:

o~
e

breaking device of

Figure 2 with an additional tertiary

current path and varistor in connection with two dc cir-

cults.

r—

Figure 4 1s a graphical representation o:

o~
h—

cilrcult breaking device 1n Figure 3.

- the dissipation

o~

of current and voltage 1n response to opening of the dc

—

- the dc circuilt

Filgure 5 1s a schematlic representation o:

o~

breaking device of Figure 3 1n connection with two dc

circults with an additional auxiliary current path and an

auxiliary varistor.

r—

Figure 6 1s a graphical representation o:

o~
h—

OL

circult breaking device 1n Figure 5.

- the dissipation

o

current and voltage 1n response to opening of the dc

r—

- the dc¢ circuilt

Filgure 7 1s a schematilic representation o:

o~

breaking device of Figure 3 1n connection with two dc

circults with two additional auxiliary current paths and

auxliliary varistors.
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Figure

o~
h—

—

8 1s a graphical representation of the dissipation

o~

of current and voltage 1n response to opening of the dc

clrcult breaking device 1n Figure 7.

Figure

—

O 1s a schematic representation of the dc circuilt

o~

breaking device of Figure 3 1n connection with two dc

circults with additional auxiliary current paths and va-

ristors and an additional auxiliary interrupter switch.

Figure

g~

o~
p———

10 1s a graphical representation of the dissipa-

o~

tion of

current and voltage 1n response to opening of the

dc circuit breaking device 1n Figure 9.

Figure

o~

11 1s a schematic representation of the dc circuit

o~

breaking device of Figure 9 1n connection with two dc

circults with additional fourth current path comprising a

swilitch

o~

and damping cilircult consisting of a resistor and

an i1nductor.

Figure

o~

12 1s a graphical representation of the dissipa-

o~ o~

tion o:

- current and voltage 1n response to opening of the

dc circuit breaking device 1n Figure 11 and the reclose

o~

process which consists of discharging the capacitor 5 by

closing switch 37 and then closing the mechanical switch

3 and the electronic switch 4 when the voltage across ca-

pacltor 5 1s su:

In the

corresponding parts 1n the di:

DETATLL

L]

o~
pr—

ficiently low.

g~
—

drawings like characters of reference indicate

—
—

ferent figures.

D DESCRIPTION

Referring to the accompanving figures, there 1s 1llus-

trated

a clrcult breaking device generally indicated by

reference numeral 20. The device 20 1s particularly

sulted

for use 1n series with the maln current path 26

between a first direct current (dc) cilircult 36 and a sec-
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ond (dc¢) circuit 7 1n which the first and second dc cir-

cuits 36 and 7 generally 1nclude and any bus bars, over-
head transmission lines, cables, reactors, breakers, con-

verters or any other components which may be related. In

o~
p—

the example graphical representations of Figures 4, 6,

8,10 and 12 generated by computer simulation the dc cir-

o~

cult 36 1s assumed to consist of the i1deal dc voltage

source 1 and the inductor 2, however in general the dc

—

circult 36 can consist of any other components as men-

t1oned.

Although wvarious embodiments are described, the common

—

the various embodiments will first be ad-

features o

dressed.

The device 20 generally includes a breaker circuit 22 re-
presented 1n Figure 2. The cilrcult 22 1ncludes a primary

current path 24 which 1s arranged to be connected to the

maln current path 26 connecting the first dc circuit 36

and the second dc circuit 7. The breaker circuit 22 also
includes a secondary current path 28 which 1s connected

1n parallel with the primary current path such that the

primary and secondary current paths are together paralle.

connected and collectively form the breaker circult 1in

series with the main current path between the first dc

circult 36 and the second dc circuit 7.

A mechanical i1nterrupter switch 3 1s connected 1in the

—
h—

primary current path 24 1in series therewith. Contacts of

the mechanical interrupter switch are arranged to be mo-

veable relative to one another between a closed position

arranged to conduct current therethrough flowing through
the primary current path, and an open position 1n which

the primary current path 1s opened such that the current

flowing therethrough 1s broken.

PCT/EP2012/076782
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An electronic breaker switch 4 1s also connected 1n se-
ries with the mechanical interrupter switch 3 1n the pri-
mary current path 24. The electronic breaker switch 4 1s

a solid state semi-conductor tyvpe breaker which 1s read-

11y operable from a closed state to an open state upon

g~

recelipt of an electronic opening signal from a sultable

controller 18. In the closed state, the electronic brea-

ker switch 1s arranged to conduct current flowing through

the primary current path. In the open state the switch 1s

arranged to break current flowlng therethrough. A rated

o~

voltage of

the electronic breaker switch 1s lower than

—

the rated voltage of the dc circuits 7 and 36.

The breaker circuit 22 further includes a capacitor 5
connected 1n the secondary current path 28 so as to be 1in
parallel with the serially connected mechanical 1nter-
rupter switch 3 and electronic breaker switch 4.

o~

The controller 18 of the electronic breaker switch 1s al-

so arranged to order the 1nterrupter switch 3 to be me-

chanically displaced from the closed position into the

o~

open position i1mmediately subseguent to opening of the

electronic breaker switch by sending the electronic open-

1ng signal to this switch.

o~

In the first embodiment of Figure 3, the device 20 fur-

ther includes a tertiary current path 30 which 1s con-

nected 1n parallel with the primary current path 24 and

—

the secondary current path 28 and also forms part of the

collective breaker circult 22 connected 1n series wilith

the malin current path 26. In this instance, a first va-

ristor 6 1s connected 1n the tertiary current path so as
to be parallel with the serially connected switches 3 and

4 and 1n parallel with the capacitor 5.
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According to a second embodiment shown in Figure 5, the

device 20 also i1ncludes an auxiliary current path 32. In

this 1nstance, where the primary, secondary and tertiary

current paths collectively define the breaker circuit 22

1n series with the dc circuit 7, the auxiliary current

path 32 1s connected 1n parallel with the dc circuit 36.
A second wvaristor 8 can then be connected 1n series with

the auxiliary current path 32 so as to be connected 1in

parallel with the main current path serially connecting

the breaker circuit 22 and the dc¢ circuit 7.

According to a third embodiment shown 1n Figure 7, the

— —
e

device 20 i1includes all of the features of the previous

embodiment together with an additional auxiliary current

path 34 connected 1n parallel with the dc circuit 7. In

this arrangement, the auxiliary current path 34 and par-

allel connected dc current 7 are collectively connected
1n series with the breaker circuilt 22. A third varistor 9

1s connected 1n series with the auxiliary current path 34

such that the third varistor 1s 1n parallel with the sec-

ond dc circuit 7 and the collective parallel connection

o~
p—

of the third varistor and the second dc¢ circult 7 1s 1n

series between the breaker circuit 22 and the return path

o~
h—

of the second dc circuit 7 to the first dc circuit 36.

Turning now to a fourth embodiment as shown 1n Figure 9,

g~

in this i1nstance, the device 20 i1ncludes all of the fea-

o~

tures of the previous embodiment along with an additional

auxliliary i1nterrupter switch 10 connected 1n series with

the main current path between the first dc circuit 36 and

the breaker circuit 22. Alternatively the auxiliary 1in-

terrupter switch 10 may be connected 1n series with the

—

maln current path 26 on the opposite side of the breaker

clrcult 22 between the breaker circult 22 and the second

dc circuit 7. The auxiliary current path 32 connects 1in

PCT/EP2012/076782



WO 2013/093066

10

15

2.0

22

30

35

CA 02860171 2014-06-20

10
parallel with the main current path between the
cult 36 and the auxiliary interrupter switch 10.
In the fifth embodiment as shown in Figure 11, t

— —
p—

20 includes all of the features of the previous

ments with an additional fourth current path 41

a supplementary current path connected in parall

PCT/EP2012/076782

dc cir-

he device

embodi -

defining
el to the

primary current path 24 and the secondary current path 28

and the tertiary current path 30 so that they are collec-

tively 1n series with the main current path 26.

A damping resistor 39 and a damping inductor 40

are COIl-

nected 1n parallel to each other and collectively define

a damping cilrcult which 1s connected 1n series to the

fourth current path 41.

Additionally a switch 37 1s connected 1n series

g~

wlith the

fourth current path 41 and the damping circult formed by

the parallel combination of the damping resistor 39 and

the damping inductor 40. The switch 37 can be mechanical,

electronic, spark gap, plasma injection, vacuum

o~

any other device or combilination of devices that

o~
h—

closing the circuit upon receilving a

ble o1

tube or

1S capa-

command signal and opening the circuit either by a com-

mand signal or when 1ts current or voltage 1s reduced be-

low a threshold level.

o

Alternatively the damping circuit may consist of a damp-

1ng resistor 39 connected 1in series with a spark gap and

a damping 1nductor 40 connected i1n parallel to the series

r—

combination of the damping resistor and the spark gap.

—
p—

The functioning of the wvarious embodiments described abo-

ve will now be described 1n further detailil. As described

o~
e

above, Figure 3 shows an electric circulit consisting of a

first dc circuit 36, a mechanical interrupter switch 3,
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11

an electronic breaker switch 4, a capacitor 5, a varistor

o~

6 and the remaining parts of the dc circuit schematically

shown as block 7. In this case the first dc circuit 36

— —

consists of a source of dc current 1 and an inductor 2

that represents the inductance present 1n the circuilt,

N

however 1n general the first dc circuit 36 can consist of

any busbars, overhead transmission lines, cables, reac-

tors, breakers, converters or any other components.

The source 1 can be a battery, a dc generator or any kind

o~

of electronic ac to dc converter. The reactor 2 repre-

sents the total i1nductance present between the source and

the breaker. This i1ncludes any phyvsical inductor and the

g~

inductance of the busbars, conductors and any stray 1n-

ductances.

The mechanical switch 3 can be a cilircult breaker, a load

switch or a fast disconnector. This mechanical switch
wlll open at near zero dc voltage and current. The elec-
IGBT's,

o
p—

tronlic breaker 4 1s an electronic switch made of

GTO's, GeT's, electron tubes or any other electronic com-

o~

ponents that 1s capable of being turned on and o:

F— e
p—

f by an

o~

electronic signal. The voltage rating of the auxiliary

g~

breaker 4 1s lower than the rated voltage of the dc cir-

—

f the hvbrid dc circuit breaker 1s reguired to

cult.

break the dc current in both directions, the auxiliary

g~

electronic breaker must be capable of blocking current 1in

o~

both directions. The remaining parts of the dc circuilt

including any busbars, overhead transmission lines, ca-
bles, reactors, breakers, converters or any other compo-
nents are schematically shown as block 7.

—

The current breaking principle of the new hvbrid dc brea-

ker cilrculit 22 1s explalned here with reference to Figure
3. When the hvbrid dc breaker 1s closed the mechanical

switch 3 1s closed and the electronic breaker 4 1s con-

PCT/EP2012/076782
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12

ducting. The voltage across the capacitor 5 1s eqgual to
the voltage drop across the mechanical switch 3 plus the
electronic breaker 4. Normally this voltage i1s very small

—

compared to the rated voltage of the dc circuit. When the

—~
p—

' order

hvbrid dc breaker 1s reguired to open a "turn o:

18 sent to the electronic breaker 4. Within a short time

before or after the electronic breaker 4 the mechanical

—

switch 3 1s also ordered to open. As a result of the

—

"turn off' order to the electronic breaker the resistance

o~

of this device 1s 1ncreased, which will cause the dc¢ cur-

rent to be commutated to the capacitor 5. The capacitor

voltage will start to rise at a rate related to 1ts ca-

paclitance and the dc current intensity. The current flow
through the mechanical switch 3 1s reduced to nearly ze-

ro, which

permits this device to open without any significant arc-

1ng. The voltage across the capacitor 5 will continue to

rise until the current flow 1s stopped. The varistor 6

protects capacitor 5 from an overvoltage. Figure 4 shows

the current and voltage waveforms for an example ease

where a short circuilt occurs between the dc conductors at

o~
pr—

a polint between the hvbrid de breaker 22 and the rest of

the de circulit 7.

When the short circuit occurs the dc current through me-

chanical switch 3 rises at a rate determined by the sour-

ce 1 and the inductance 2. The first graph 1 3 in Figure

4 shows the current through the mechanical switch 3. As

explained above shortly after the hvybrid breaker 1s or-

—~
p—

dered to open the electronic breaker 4 1s turned o

causing the current to be commutated to the capacitor 5.

This will cause the capacitor voltage V.5 to grow up to

—
p—

the knee voltage of the varistor 6. At this polnt varis-

tor starts conducting and V.5 remalins almost constant.

o~
e

The varistor knee voltage 1s higher than the voltage of

o~

the de source 1 by design, therefore the polarity of the
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voltage across the inductor 2 1s such that the de current

1s diminished. In Figure 4 - 3 1s the current through the
mechanical switch 3, 1 5 1s the current through the ca-
paclitor 5, 1 6 1s the current through the varistor 6 and

V.5 1s the voltage across the capacitor 5.

As shown 1n the example above, 1n the hvybrid dc breaker

shown 1n Figure 3 some current may flow through the wva-

ristor 6 toward the dc circuilt 7 for some time after the

mechanical switch 3 was opened. The magnitude and dura-

g~

tion of

this current depends on the parameters such as

— —

the capacitance of the capacitor 5, the inductance of the

o~

reactor 2 and the knee voltage of the wvaristor 6. The

g~

flow of the current through the wvaristor after opening

the breaker may not be acceptable 1n some applications.

—

Figure 5 shows a variation of the hvbrid dc circuit brea-

ker where a wvaristor 8 1s added to the circult. The knee

voltage for varistor 8 1s selected below the knee voltage

for the varistor 6. Figure 6 shows the simulation results

for a short circult event similar to the case shown 1n

Figure 4. In Figure 6 all current and voltage designa-
tions are similar to Figure 4, the new trace L8 repre-
sents the current through the varistor 8. Figure 6 shows
that the current through the wvaristor 6 1s reduced to al-

most zero 1n this arrangement.

The hyvbrid dc breaker can be designed to break the cur-

rent 1n both directions as explained earlier. In this ca-

se for a short circuit fault that occurs at a polnt on

the circuit between the hvbrid dc breaker and the first

dc circuit 36, or within the first dc circuit 36, the be-

g~

haviour of the hybrid dc breaker 1s similar to the previ-

—

ous cases discussed above. The rate of rise for the fault

o~

current will depend on the inductance of the complete

fault current path 1n this case. Similar to the previous

o~
h—

example the flow of current through the varistor 6 may

PCT/EP2012/076782
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o~
—

not be acceptable 1n some applications. A variation of

the hvbrid dc breaker shown in Figure 7 will reduce the

current flow through wvaristor 6 to almost zero following

—

a fault on either side of the breaker.

o~

Depending on the characteristics of the first dc circuit

g~

36 and the second dc circuit 7 and the location of the

fault, when the hyvbrid dc breaker 1s ordered to open the

N

current through the capacitor 5 may oscillate a number of

times before settling at zero. Figure 8 shows an example

o~ o~

of such possible situation. The flow of

oscillatory cur-

rent through the hvbrid dc breaker's capacitor may not be

—

acceptable in some applications. An embodiment of the dc

hvbrid breaker with an additional auxililiary interrupter

g~

switch 10 as shown 1n Figure 9 1s capable of avoiding

such oscillatory currents. When the hvbrid dc breaker 1s

regulired to open the auxiliary interrupter switch 10 1s

ordered to open as well as the mechanical switch 3 and
the electronic breaker 4. The residual breaker completely
stops the dc current as soon as 1ts current reach zero.

Figure 10 shows the same example simulation case shown 1in

Figure 8, but with the embodiment of the hvbrid dc brea-

ker shown 1n Figure 9.

o~

Some applications may reqgulire a fast reclose of the dc

o~

clrcult breaker to resume the flow of the dc current. The

g |
p—

fifth embodiment shown i1in Figure 11 allows a fast dis-

g~ o~

charge of the capacitor 5 and reclosing of the mechanical

interrupter switch 3 and electronic breaker switch 4.

—

Figure 12 shows a computer simulation example of the open

and reclose procedure for the hvbrid dc circuit breaker.

o
p—

The process otf

opening the dc breaker i1s similar to the

process described 1n connection to the forth embodiment

and the simulation example shown i1n Figure 10. At the end

o~

of this process the capacitor 5 1s charged to the voltage

V.5 as shown 1in Figure 12. When a fast reclose 1s re-

PCT/EP2012/076782
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gulred the switch 37 1s ordered to close. This will pro-

vide a path for capacitor 5 to discharge through the

damplng resistor 39 and the damping inductor 40. The re-

—

sistance and 1nductance of these elements are selected

such that the capacitor 5 1s discharged within the re-
gulred time. Once the capaclitor voltage and current are
below acceptable threshold the mechanical interrupter

switch 3 and electronic breaker switch 4 are ordered to

close and the current flow through the breaker 1s re-

sumed.

Since various modifications can be made 1n my 1nvention

as herein 25 above described, and many apparently widely

r—

different embodiments of same made within the spirit and

o~

scope of the claims without department from such spirit

and scope, 1t 1s 1ntended that all matter contained in

the accompanving specification shall be interpreted as

11lustrative only and not 1in a limiting sense.
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Claims

1. A clrcult breaking device for breaking a current contaln-

1ing a dc component 1n a maln current path connected between a

first dc circuit and a second dc circuit, the device compris-
1Ng:

- a primary current path connected to the mailn current path;
- a mechanical interrupter switch connected 1in the primary
current path and having contacts movable relative to one an-

other between a closed position arranged to conduct current

flowing therethrough and an open position arranged to break a

current flowing therethrough;
- an electronic breaker switch connected 1n series with the

mechanical interrupter switch 1n the primary current path and

being operable to open from a closed state arranged to con-

duct current flowing therethrough to an open state arranged

o~
h—

to break a current flowing therethrough upon receipt of an

electronic opening signal;

- a secondary current path connected 1n parallel with the
primary current path; and

- a capaclitor connected i1n the secondary current path so as

to be 1n parallel with the serially connected switches.

2. The device according to Claim 1 wherein a rated voltage o

the electronic breaker switch 1s lower than a rated voltage

—

of the first and second dc circulits.

g~

3. The device according to either one of Claims 1 or 2 fur-

ther comprising a controller arranged to order the electronic
breaker switch to open or close and to displace the mechani-
cal switch i1nto the open position i1mmediately subseguent to

g~

opening of the electronic breaker switch.

—

4. The device according to any one of Claims 1 through 3 fur-

ther comprising a tertiary current path connected 1n paral-
lel, with the primary current path and the secondary current

path, and a varistor connected 1n the tertiary current path
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SO as to be 1n parallel with the serially connected switches
and 1n parallel with the capacitor.

5. The device according to any one of Claims 1 through 4 whe-

rein the primary current path and the secondary current path

define a breaker circult 1n series with the main current

path, and wherein the device further comprises an auxiliary

current path connected i1n parallel with the first dc circuit,

the auxiliary current path including a varistor connected 1in
series therewith.

6. The device according to any one of Claims 1 through 5 whe-

rein the primary current path and the secondary current path

define a breaker circult 1n series with the malin current

path, and wherein the device further comprises:

- a tertiary current path connected 1n parallel with the pri-

mary current path and the secondary current path;

- a first varistor connected 1n series with the tertiary cur-

rent path so as to be 1in parallel with the serially connected

switches and i1n parallel with the capacitor;

- an auxiliary current path connected in parallel with the
first dc circuit; and

- a second varistor connected 1n series with the auxiliary
current path;

g~

- a knee voltage of the second wvaristor being less than a

—

knee voltage of the first wvaristor.

/. The device according to any one of Claims 1 through 6 whe-

rein the primary current path and the secondary current path

define a breaker circult 1n series with the main current

path, and wherein the device further comprises:

- a tertiary current path connected in parallel with the pri-

mary current path and the secondary current path;

- a first varistor connected i1n the tertiary current path so

as to be 1n parallel with the serially connected switches and
1n parallel with the capacitor;

- a first auxiliary current path connected 1n parallel with
the first dc circuit;
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- a second varistor connected i1in the first auxiliary current

path;
- a second auxililary current path connected in parallel with

the second dc circuit; and
5 - a third varistor connected in the second auxiliary current

path.

8. The device according to any one of Claims 1 through 7 whe-
rein the primary current path and the secondary current path

10 define a breaker circult 1n series with the malin current

path, and wherein the device further comprises:
- an auxlliary 1nterrupter switch connected 1n series between

the breaker circuit and one of the first and second dc cir-

cults.

15
9. The device according to any one of Claims 1 through 8 whe-
rein the electronic breaker switch comprises a solid state
semiconductor based circult breaker capable of interrupting
current 1n only one direction.

20
10. The device according to any one of Claims 1 through 8
wherein the electronic breaker switch comprises a solid state
semiconductor based circult breaker capable of interrupting
current 1n both directions.

25
11. The device according to any one of Claims 1 through 8
wherelin the electronic breaker switch comprises a vacuum tube
clrcult breaker capable of interrupting current 1in only one
direction.

30
12. The device according to any one of Claims 1 through 8
wherelin the electronic breaker switch comprises a vacuum tube
clrcult breaker capable of interrupting current 1n both di-
rections.

35

13. The device according to any one of Claims 1 through 12

further comprising:
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- a supplementary current path connected in parallel with the
primary current path and the secondary current path;

- a damping circult connected i1n the supplementary current
path; and

- a supplementary switch connected 1n series with the damping
cilrcult 1n the supplementary current path in which the switch

1s operable between a closed state arranged to conduct cur-

rent flowlng therethrough and an open state arranged to break

a current flowing therethrough.

14. The device according to Claim 13 wherein the damping cir-
cult comprises a damplng resistor and a damping inductor con-

nected i1n parallel with one another.

15. The device according to Claim 13 wherein the damping cir-
cult comprises a damplng resistor connected 1n series with a
spark gap and a damping i1nductor connected 1n parallel to the

serially connected damping resistor and spark gap.
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