TI TLE OF THE | NVENTI ON Cl RCU T BREAKER AND OPENI NG AND CLGOSI NG METHOD
THERECOF FI ELD OF THE | NVENTI ON 5The present invention relates to a
circuit breaker and nore particularly to a circuit breaker provided
wi th an opening neans which quickly drives an operating shaft of a
vacuum val ve toward an opening direction by el ectromagnetic
repul si on, and an openi ng and cl osing net hod thereof. 10 BACKGROUND
OF THE. | NVENTI ON An openi ng neans whi ch quickly drives an
oper at i nF1FREs PFoTHR MQPEI ve toward an opening direction by’

el ectromagneti c repul sion conprises an el ectromagneti c repul sion coi
and a 15 GIRGYIFoBRBAKER AND |QPENING ANBoSLORING METHYR THEREQF v acuum
val ve i s opened by quickly exciting the el ectronmagnetic repul sion
coil of the opening nmeans by capacitor discharge or the |ike and
usi ng an el ectromagnetic repul sive force such as eddy current which
occurs i IFIEL® OPi fHEUINVENTIONI copper plate. 20 Grcuit breakers with
an el ectronmagnetic repul sion nechanismare classified into

di r ects- curr ent TRé Ittiden @AY E16M teliadesSHe el cirbalt thivaaiseasd | n
the former type, charge in a previously charged capacitor is injected
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zero current 25 point forcedly to interrupt the current.
acci dent Qtleai@%ﬁiclgquickly drives an operating shaft of a vacuum valve

towvard an opening direction by electromagnetic repulsion, and
an opening and closing method thereof.

10
BACKGROUND OF THE INVENTION

An opening means which quickly drives an operating shaft
of a vacuum valve toward an opening direction by electromagnatic
repulsion comprises an electromagnetic repulsion coll and a

15 ring copper plate located opposite to 1t where fhe vacuum valve
is opened by'quickly exciting the electromagnetic repulsion
coll of the opening means by capacitor discharge or the like
andusinganelectromagneticrepulsive force suchas eddycurrent
which cccurs in the coil current and copper plate.

20 Circult breakers with an electromagnetic rspulsion
mechanism are classified into direct-current circuit breakers
and high-speed circult breakers. In the former fype. charge
in a previously charged capacitor is injected in a direction
reverse to the direction of line current to make a zero current

25 point forcedly to interrupt the current. Ifanaccidental short



circuit occurs in the DC line, an overcurrent as determ ned by

resi stance and i nductance as circuit constants, like fast-rising
short-circuit current, flows, necessitating the breaker to operate
qui ckly. 50n the other hand, a high speed breaker is used in a
private power generation systemor the |like and introduced in order
to prevent electrical |eakage fromthe private power generation
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el ectromagneti ¢ repul si on nechani sm because response st. pe de
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150ne known exanpl e of such a breaker with an el ectromagnetic

repul si orPXRAKE FonePAERTLE MYACRY¥e one disclosed in JP -A No .

2000- 299041 which includes a vacuum val ve, an operating nechani sm
provi ded i n t h@ndpedthprrndl abigh speediyenkerura vaed dn aprivate

el ectromagneti c repul sion driving nechanism 20 provided mdway in the
oper at i ngpovweahgenseraéhon f sydtesr ornthedktke awl Hatrsduéed iredirdeng
rebound of the novable el ectrode shaft in the course of current
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conventional circuit breakers are 25 conpelled to provide a | arge
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supply capacity because they not only have to obtain a prescribed
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exceedi n e attractive force of a permanent nagnet for
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also uses an giec romagnetic réguls on mechan ecause

response must be made within several milliseconds after receipt
of an opening command.

15 One known example of sucha breake:l_: withanelectromagnetic
repulsion driving mechanlism is the one disclosed in JP-A
No.2000-295041 which includes a vacuum valve, an operating
mechanism provided in the opening and closing of the vacuum
valve, and an electromagnetic repulsion driving mechanism

20 provlidedmidway in the operatingmechanilsm and further ir;cludes
a mechanism for reducing rebound of the movable electrode shaft
in the course of current interruptilon.

Summary of the invention
However, the above conventional circuit breakers are

25 compelled to provide a large electromagnetic repulsion driving



10 repul sion driving nechani smand the nmechani smfor reducing rebound
of the novabl e el ectrode shaft nust be both noved when the vacuum

val ve i s opened or cl osed. Therefore, if the vacuum val ve
operating nechanismis of the electramagnetically driven type, its
conponents such 15 as the permanent nagnet and exciting coil nust
have a large capacity, which nmeans that the vacuum val ve operating
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el ect romagnet I C ul si.on drivi n éganl sm to asi lg‘ﬂcancel
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course of current interruption in a si mpl e manner and provi des high
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In order to achieve the above object, a circuit breaker according to
t he prsesBesiidesesinge the mmmacmmpngmgmgmmmm in
an el ectromagnet whi ch opens and cl oses a vacuum val ve, a second coi
provi ded dndl tihemechanism for reducing rebound of the movable electrode
shaft during action of the electromagnetic repulsion driving
mechanlsm are vertically disposed in series between the vacuum
valve and its operating mechanism, the electromagnetic
- 10 repulsion driving mechanism and the mechanism for reducing
| rebound of the movable electrode shaft must be both moved when
the vacuum valve 1s opened or closed.
Therefore, if the vacuum valve operating mecﬁ;mism is
of the electromagnetically driven type, 1its componénts such
15 as the permanent magnet and exciting coil must have a large
capacity, whichmeans that the vacuum valve operating mechanism
shouldbe largeenough. Inaddition, thevacuumvalve operating
mechan:l.sm' might be less maneuverable.
The present invention has been made in view of the above
20 circumstances and an object thereof 1s to provide a circuit
Breaker which enables an electromagnetic repulsion driving
mechanism to easily cancel the closed state and reduces rebound
of a movable electrode shaft in the ocourse of current

interruption in a simple manner and bprovides high

25 maneuverability, and an opening and closing method thereof.



5 el ectromagnet together with the first coil, and an el ectronagnetic
repul sion coil connected in series with the second coil, wherein the
second coil and the el ectromagnetic repulsion coil are excited

simul taneously in quick opening operation by el ectromgnetic

repul sion, or characterized by 10 conprising a vacuum val ve, an

el ectromagnet including a coil for driving an operating shaft of the
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and excites the coil in a direction reverse to an excitation
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together with the coil, a second coil which is excited sinultaneously

with an sllesesormgmaciumnr salivei.ona csidcondr evbkt poaugded dn epl®si on

20 in quick opening operation by el ectronmagnetic repulsion is

provi ded eillacthemagmst r coegpidter Acdidihdi rtdet o filretpr codht | anéntamwn, a

circuit breaker opening and closing nethod is characterized in that a

vacuum Vvaleetiremageselt aepulleiosl dyiE xdUrnticted 9h sedfidsswithi theand
25 a second coil provided in an el ectromagnet together with the
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are sinultaneously excited in quick opening operation by
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met hod in which a coil of an el ectronagnet for driving 5 an opefating

shaft of a, ??Ig&g‘e%ﬁ:e\ieécttgmﬁgngﬂicggﬁ{ﬂﬁ%ﬂg °6E Hadicterized by

el ectromagne Ssion 1S &éxcite 0 cl 0sé e vacuum valve, "t he
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excited in quick opening operation by el ectronmagnetic regulsion.
15Accor diahg & Be¥rrnefusagnet nand anaperating mechanhgnelicpexcites

the coll to close the vacuum valve, holds the vacuum valve closed

15 by an attractive force of the permanent magnet and excltes the

collinadirectionreverse toanexcltationdirectioninclosing

operation to open the vacuum valve, wherein, together with the

ccil, a second coll which ls exclted simultaneously with an

electromagnetic repulsion coll for electromagnetic repulsion

20 in quick openling operation by electromagnetic repulslion is
provided in the alectromagnet.

According to the present invention, a circuit breaker

opening and closing method 1s characterized in that a vacuum

valve is opened or closed by excitation of a first coil, and

25 a secoand coil provided in an electromagnet together with the



is excited in a direction reverse to an excitation direction in

cl osing operation simultaneously with opening operation by an

el ectromagnetic repul sion driving nechanism so that the attractive

force of a permanent magnet to hold ghe closed state 20 decreases and

cancel l ation of the closed state becones easy and rebound of a

novabl e el ectrode shaft in the course of current interruption can be

reduced in a sinple manner and a highli maneuver abl e circuit breaker
3]

and an ofddstgcahd andsahEIRIIRSTagRetis reRRl Hien ik spnnegRpRE
DESCRI PTI ON OF THE DRAW NGS Fig. 1is aleft side viewof a
comut at iserialdy ave simpilianeousdyax i aglick opandrgsPeraiions the
present invention. Fig. 2 is a back view of the commutation type DC
circuit Syoelkekaronsynetlcirdpulsibnacubadiimpuid bXeakerepening and

Fig. 3is aright side view of the commutation type DC circuit

breaker sf1@singmdilpd inadoiehda @ ifioof ah élwenidmuynet for drivgng4d is
a front view of the commutation type DC circuit breaker shown in Fig.

1 accer digifoperdtitig st 69 @: vachulm Talve tEward if lop@ndhg@iirecttiagr am
for the commutation type DC circuit breaker shown in Fig. 1 according

to the iri:}’f@ﬂe@@romagnetic Lelpls@ohS18 didiB 26! cE65Y ¥ifh QRRLEHI ON
I n case of an accident for the conmutation type DC circuit breaker

shown in J.5.8& Oipd &%@En]dw!;&'ﬂvé qgt H@lt#, O%\ri%@teh an attrabtfve Eokfed

time chart shdw ng nornal operation the commutation type
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cl osi ng operatgion for the conmutation lggteiotl)_lc irc%iignb{ea er_,shown

in Fig. Fhecttifg-dreRe=FivEnaroRxe rec n closing

10 operation to open the vacuum valve is characterized in that
a second coil provided in the electromagnet together with the
coll and an electromagnetic repulsion coll for electromagnetic
repulsion are simultaneously excited in quick opening operation
by electromagnetic repulsion.

15 According to the present invention, an electromagnet coll
is excited in a direction reverse to an excltation direction
in ¢losing operation simultaneously with opening operatlion by
an electromagnetic repulsion driving mechanism, so that the
attractive force of a permanent magnet to hold the closed state

20 decrearse.s and cancellatlion of the closed state becomes easy
and rebound of amovable electrode shaft in the course of current
interruption can be reduced in a siﬁple manner and a highly
maneuverable circult breaker and an opening and closing method
thereof can be obtained.

25



Fig. 9is a diagramillustrating a coil excitation nethod in opening
operation for the commutation type DC circuit breaker shown in Fig. 1
according to the invention. 25Fig. 10 is a,diagramillustrating a
coil excitation nethod in quick |ntesrrupt|on for the conmutation
type DC circuit breaker shown in Fig.” 1 according to the invention.
Fig. 11 is a right side sectional view of a three-phase high speed
circuit breaker as a circuit breaker according to 5 the invention.
Fig. 12 iBRIEEFHDERCRIBRLICN QF LHE,DRAWENGSe hi gh speed circuit breaker
shown in Fig. 11 according to the invention. Fig. 13 is a
front view of Fig.thise Jufiseids yhewodeaicommetatian tmepcﬁmmmtn
Fig. 11 according to the invention. 10 Fig. 14 is a left side

sect i onal breaksrobcaosdig tyean emmmtimentt ofigtlid @resentt biventiioppe DC
circuit breaker shown in Fig. 1 according to the invention. DETAILED

DESCRI PTI ON OFFigt PREFRERRCR H\BOREMRE Somatakiofttye PC@irbulg a
circuit breaker which enables 15 an el ectromagnetic repul sion driving

mecharny snpdduiRas ishbwhaarekidhel dRRedingats ehé {1pfiaw.ebound of a
novabl e el ectrode shaft in the course of current interruption in a

simpl e manner gRg pg oM ‘ie?.iahﬂlh QUUG' 8P tid %oﬂ&u%'thoﬁst %em ng

and cl osi ng net dd thereof T's ac eve in a sinple manner.
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Flg. 4 15 a £front view of the commutation type DC circult
breaker shown in Flg. 1 according to the invention.

10 Fig. 5 is a system circuit dlagram for the commutation
type DC circult breaker shown in Fig. 1 according to the
invention.

Flg. 6 1s a time chart showing operation in case of an
accldent for the commutation type DC circuit breaker shown in

15 Fig. 1 according to the invention.

Fig. 7 is a t.ime chart showing normal operation for the
commutation type DC circuit breaker shown in Fig. 1 according
to the invention.

Fig. 8 isadlagramillustrating a coll excitation method

20 inclosingoperation for the commutation type DCcircult breaker
shown in Fig. 1 according to the invention.

Fig. 9 1s a dlagram illustrating a coll excitation method
in opening operation for the commutation type DC circuit breaker
shown in Fig. 1 ao;cording to the inveﬁtion.

25 Filg. 19 isadiagramillustrating a coil excitationmethod



Figs. 1 to 7 and Fig . 14 show an enbodi nent of a comutation type DC
circuit breaker as a circuit breaker according to the present

I nvention, in which Fig. 1 is aleft side sectional. 25 view of an
enbodi ment of a commutation type DC circuit breaker 8 as a circuit
breaker according to the invention, Fig. 2 is a back view of an

enbodi nrent of the comutation type DC circuit breaker shown in Fig. 1
as a circuit breaker according to the present invention. Fig. 3 is a

ri ght si de @ekak tnersupbionifos e comuiiatden typeDeCiEsiiibrsadsTt ype

DC circuit breaker shown in Fig. las a circuit breaker according to

t he presastiowmvan¥ign, 1 RigeorAing 4o tbet inventbdnan enbodi nent of the
comutation type DC circuit breaker shown in Fig. 1 as a circuit
breaker accor dFag.thl tilseapriagantidevesdtiianalFriew o a thmaesiphmse
circuit diagram 10 of an enbodi ment of the conmutation type DC

circuit himpkepesQodirdul rbfeakefsad aLotetiit Weaker accordimg too the
present invention, Fig. 6 is a tinme chart show ng operation in case

of an @ccilenthventagnenbodi nent of the commutation type DC circuit
breaker shown in Fig. 1-as a circuit breaker according to the 15
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operation in an ment o nty circuit breaker
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Embodi nent] First, the nethod of_use and the_npethod of operation for
circult breaker shown in Fig. 11 according to the invention.
10 Fig. 14 is a léft side sectional view of a switchgear
incorperating the commutation type DC clrcuit breaker shown
in Fig. 1 according to the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The object of providing a circuit breaker which enables
15 anelectromagneticrepulsiondrivingmechanismtoeasilycancel
the closed state and reduces rebound of a movable electrode
shaft 1n the course of current interruption in a simple manner
and provides high maneuverability as well as an opening and
closing method thereof 1s achieved in a simple manner.
20 Next, embodiments of a circuit breaker according to the
present lnvention will be described.
Figs. 1to7andFig. 14 show an embodiment of a commutation
type DC circuit breaker as a clrcuit breaker according to the

present invention, in which Fig. 1 i1s a left side sectional

25 view of an embodiment of a commutation type DC circuit breaker



an enbodi ment of a conmutation type DC circuit breaker as a 25
circuit breaker according to the present invention will be described
referring to Figs. 5 to 7. In Fig. 5 reference nuneral 1
represents a DC power supply which s%pplies 1500 V through its
positive pole i.n an ordinary DC feeding circuit. 2 represents a | oad
such as a train. 3 5 represents a feeding Iine which supplies
electricity to the load and 4 represents a flyback |ine which
connect s asha tbachlt dnedakbr DGEoding sopphy inveltdooonfilgatd dis aype
DC circuit breaker 5 as a circuit breaker according to the present

i nvent i orbdck 6w rdicdn nembEiinientt 6 theedomgutation tgpd Bdicadt
electric 10 power supplied fromthe DC power supply 1 to the |oad 2.

The commpyaker shewn Ba PLECU hsba @Akl bhedldPblcedddhgltdithe
switches, -a first nmain switch 51, a second main switch 52, a first

sub swi t Glye3ndNinGentrnd FIYR SWiEChH ShntaRdaR E8BtIMMalNilewdBe- The

comutation type DC circuit breaker 5 i1s is connected wth a first

capacigtor, 5 FEGAN | DRaE [ mai n
switch 5 ag P e secgﬁg na?%ﬁgéf%gﬂﬁggyg?e |ré£§%€%bF§ oe%ﬁéé eedi ng
line 3 serially. and are | t near._ t wer_ supply 1 near
the | oad B FAa L B ARput Bk eR Boorhing ol el tveatinss " up
20 switch 53, first ca%qaitor 55 and reactor 57 is connected.in

par al | el Ef%-h® tfed ARtV 4% AT A emhadinent O£ the GommubALt L §YBR t he
second sub switch 54 and second capacitor 56 is connected in parallel

wi th t he BG sh¥cwidihreaknr shown in Fig. 1 as agiggulshregker acsiorgings jn

the feeding line 3 detects 25 the current of the feeding line 3 and
sends t hetccheepresentydnveption, Filg. 5 is a system circult diagram

10 of an embodiment of the commutation type DC circuit breaker
shown in Fig. 1 as a circult breaker according to_ the present
invention, Fig. 6 1s a time chari showling opsration in case
of an accident in an embodiment of the comutat.ion type DCcircuit
breaker shown in Fig. 1 as a circuit breaker according to the

15 present invention, and Fig. 7 is a time chart showing normal
operaticn in an embodiment of the commutation type DC circuit
breaker shown in Fig. 1 as a circult breaker according to the
present invention. Fig. 14 is a left side sectional view of
swiltchgear which uses an embodiment of a commutation typa DC

20 clrcuit breaker as a circuit‘breaker'aécording to the present
invention.

[First Embodliment]
First, the method of use and the method of operation for
an embodiment of a commutatlon type DC. circuit breaker as a

25 circuilt breaker according to the present invention will be



to an overcurrent tripping device 59. The overcurrent tripping device
59 has a preset value for automatic interruption and outputs an
openi ng conmand 11 when the current flow ng through the feeding |ine
3 reaches the preset value. Upon receipt of 5 an external command 10
or an opening command 11 fromthe ov@rcurrent tripping device 59, the
control unit 900 gives an opening/closing command to the comrutation
type DC circuit breaker 5. The first sub switch 53, which operates in
conj unct igesctibid t Fefdrarifig $b Fags.ssiter 51, once closes after
opening of the first main switch 51 with tine lag tl (for exanple, 2

ns) and then opersg. O rdFerehbenuieRdl I sprrentd SDOpewet eipply
whi ch operates in conjunction with the second main swtch 52, opens

time t2 hobnSiflies 2560 WinhRigH @tQ%Hi%ﬁf%%f?_iﬁ%Pﬁidlﬁaﬁi n

switch 52. For operation of the l'oad 2, t I rst main swtch
51 and sego ' ] 52 I 1500 G0 the
| oad 2. ?P?ﬁ?gﬂ#jn%wcﬁxﬁ%flzrg&g%bs%?\%gt %ﬁl@%ﬁ)%ﬁé&pgg %#ﬁl ’% s%cond
sub switch 54 is_closed..,The first acitqr. 55 20 d .secqnd
capact ofeBgeapRtE i ashg 1380 oA Bebd eBcafee A eY B ke
supply 1. If the load 2 is out Qf order or an earth fault occurs in
Thort LedilRgd #AE £ FCRToRPRLE B JITPACE. 1189 MILch PonRer TR e FRAE
depends on circuit constants, flows in the feeding Iine 25 3. For
exanpl e, % andHhe DCrpeWar sadPi¥ahce The qommiatiiem kgpe DC circult

breaker 5 as a circuit breaker according to the present invention
1s inserted midway in the feeding line 3 and switches electric

10 power supplied from the DC power supply 1 to the load 2.
The commutation type DC circult breaker 5 is comprised
of four switches, a first main switch 51, a second main switch
52, a first sub switch 53 and a second sub switch 54, and a
- ¢control unit 900. The commutation type DC circuit breaker 5
15 is connected with a first capacitor 55, a secoﬁd.capacitor 56
and a reactor 57. The first main switch 51 and the second main
switch 52 are inserted into the feeding line 3 serially and
are located near the DC power supply 1 and near the load 2
respectively. The series circuit composed of the first éub
éo switch 53, first capacitor 55 and reactor 57 is connected in
parallel with the main switch and the series circuit cbmposed
of the second sub switch 54 and second capaclitor 56 is connected

in parallel with the first capacitor 55.

A current transformer 58 in the feedipg line 3 detects

25 the current of the feeding line 3 and sends the current value



circuit inductance is 150 pH, the nmaxi mumcurrent attained is 100 kA
and the maximumrush ratio is 10kA/nms. |If such a fault current

occurs, the fault current nust be interrupted quickly in order to
mnimze its influence on the equipnent. First, 5 the current
transformer 58 detects the fault curt®nt value and sends it to the
overcurrent tripping device 59. If the overcurrent tripping device 59
Is preset, for exanple, to 12000 A for automatic interruption, when

t he faul ttcan bestcueratesriPiiitg devide 58 0d Thavvamumentdamippdngl to
the control unit 10 900. According to a command fromthe control unit

900, the ddvide BB HasVd st ©OARGE. Fd¥ duteniaitict 1Fbé eyt ionh ahdl
opens, the first sub swtch 53 closes with tine lag ti. Consequently,
an LC r esqigiAs &h bpdnling WHrAnBOTE whbf tHe EREréht $1o6RGAHrOUgh
the feeding line 3 reaches the preset value. Upon receipt of
5 an external command 10 or an opening command 11 from the
overcurrent tripping device 59, the control unit 900 gives an
opening/closing command to the commutation type DC circuit
breaker 5.
The £irst sub switch 53, which operates in conjunction
10 with the first main switch 51, once closes after opening of
the first main switch 51 with time lag tl {for example, 2 ms)
and then opens. On the other hand, the second sub switch 54,
which operates in conjunction with the second main switch 52,
opens time t2 {(for example, 2.5 ms) before opening of the second
15 main switch 52.

For operation of the load 2, the first malin switch 51
and second main switch 52 are closed to supply 1500 V DC to
the load 2. At this time, the first sub switch 53 is open and
the second sub switch 54 is closed. The first capacitor 55

20 and second capacltor 56 are charged to +2000 V with reference
to the DC power supply 1.

If the load 2 is out of order or an earth fault occurs

in the feeding line 3, a very large fast-rising fault current,

which depends on circult constants, £lows in the feeding line

25 3. ¥For example, if the circuilt resistance is 15 m0O and the



reverse t
main swt

capacitor 55 is 600 pF and the capacitance of the second capacitor 56

sub switch 53 and second sub swi tch’54,
capaci tor 55 and second capacitor 56 previously charged by a charger
50 discharge electricity and a commutation current whose direction is

A IS

o the fault current directidh is injected into the first
ch 51. Assuming that the 20 capacitance of the first

is 1200 plarddi® TRELOLEREE NS 550 GATMEHS ina@imah dertentabhtitalfedt QA
whi ch nmeans that if the first sub switch 53 is cl osed before the

fault cur{@ika’ 846 18% flxinhm LA8n At ¢4 TN /misS Off SRicHbY At

commut at i
the first

10

15

20

25

on 25 current. At the tinme when the current passing through

current occurs, the fault current must be interrupted quickly
in order to minimize its influence on the equipment. First,
the current transformer 58 detects the fault current value and
sends it to the overcurrent tripping device 59. If the
ovaercurrent tripping device 59 is preset, for example, to 12000
A for automatic interruption, when the fault current reaches
12000 A, it sends an opening command 11 to the control unit
900. According to a command from the control unit 900, the
first main switch 51 opens. As the first main switch 51 opens,
the first sub switch 53 closes with time lag t1. Conseqqent}_y,
an LC resonance circuit, which consists of the first capacitor
55, second capaclitor 56, reactox 57, £irst main switch 51, £first
sub switch 53 and second sub switch 54, 1s established and the
first capacitor 55 and second capacitor 56 previously charged
by a charger 50 discharge electricity and a commutation current
whose direction ls reverse to the fault current direction is
injected into the first maln switch 51. Assuming that the
capacitance of the first capacitor 55 is 600 pF and the
capacitance of the second capacitor 56 is 1200 pF, the maximum
reverse commutation current value is 40kA, which means that
i1f the first sub switch 53 is closed before the fault current
reaches 40 kA, the fault current is offset by the commutation

current. At the time when the current passing through the first

ismestabl ikshed Ian’d t he filrs't



12 main switch 51 becones zero, the main switch 51 finishes
interruption. After the first main switch 51 opens, the second main
swtch 52 opens with tine lag t3; if tinme t3 is set so as to satisfy
the relation of t3>t1+t2, the second sub switch 5 54 does not open
before the first sub switch 53 close¥ and thus the first capacitor 55
and second capacitor 56 discharge electricity sinmultaneously, making
it possible to deal with a large current as nentioned above. Even

when t he nfaii hStswiRch W beltoméshasrb nitheealint ewidphi 81, fihesRess a
period in which 10 the first sub switch 53 and second sub switch 54

are both :LQLH:QS.QQBE!J&I hugtbband £ 5ts CARMR st ch T 1968k, COREl seaBagi t Or
56 are charged by the DC power supply 1. This charge current is

interrup qn“’eaﬂt&ﬂesffa@ree@% ¥%2Lha0fmd | ndyEheynd reylisls GUET 851

becones alnost zero or ow i he vacuum-val've choppi ng current. 15 On

i 2 Pl P8 e AR ' B SO 1. B BABERRH b
R M R

simul tanegusly. At this tinme, since the 20 second sub swi.tch 54 opens
tine t2 mor*értsﬁe EPeGAEoRaP SRk AeCoRd, GARRc1iAT| 56, ddsshAree
circuit, which consists of the first capacitor 55, reactor 57, first
mai n swi ediectrighty f $imil taneoyfly e hmaiging dteppaBibiack, Wedd whehfirst
sub switch 53 closes. Qut of the previously charged first capacitor
55 and secdadgeTwaeat asmedd iopntiyabdue f i EvenodyeactherfBstdmathar ges
electricity 13 and a comutation current whose direction is reverse
to the | eadtehr3khasdindehedrinterrapedidad theire 1dea gerinid hmiwhiehi tch
51. Here, the maxi mum value of the load current is bel ow the val ue

presab ORhehEiEMeEaDs@tchis3 aRA RBcdau £ifh BRLtdRBEAGrAs bbth klbBea
maxi mum comut ation current is 14 kA when only the first capacitor 55

di schar genaekBElr tKe t84rdthea : éiﬁ&f‘é?ﬁ&%@&@ﬂh éépé@ﬂQQ: K araffset
-and when the current of the first main switch 51 becones zero, the

first meidhatiehcRyStnbi BEspeRel NbepbIP! L On miid et Rup2kRt ogens,

the second main sWwitch 1 2 perforfs the function fo disconnect the

L2 7 gL FRAE BT e LIS RIS citedis
capaci t Orbe%%%légeal\ﬁl%stta erciJ Qrtb%iolwot"i'ge géél(l:ulﬂl ;r'alve chopping current.
15 On the other hand, interruption by the commutation type
DC circuit breaker 5 1n normal cperation is done according to-
an external command 10. Upon receipt of an opening command
as an external command 10, the first main switch 51 and second
main switch 52 open simultaneously. At this time, since the
20 second sub switch 54 opens time t2 before the second maip switch
52 opens, an LC resonance circuit, which consists of the first
capacitor 55, reactor 57, first main switch 51 and first sub
switch 53, is established when the first sub switch 53 closes.

Out of the previouslychargedfirst capacitor 55 and second

25 capacitor56, onlythefirst capacitor 55dischargeselectriclty



breaker 5 as a circuit breaker accordlng to the pr esent |nvent|on
W Il be described referring to Figs. 1 to 4 and Fig. 14. In an
enbodi ment of the commutation type DC circuit breaker 5 as a circuit
breaker according to the present invehtion, the 20 four switches are
automatically activated at the above timngs by two el ectronmagnets
and a nechanical link structure. Figs. 1 to 4 indicate that the

circuit iand B edRfdididdn Caerbht Sihddd @ivectibn Ss afeirereeord sNetCh
52 are closed) . Al the four switches are illustrated here as vacuum

val ves i %a&peﬁfééxﬂga&%eét:@@ﬁ 1 g08 n Ot SAL LB tBUnd R rBE i SWhEEReES or
the |ike. First, electrical connection in an enbodi nent of

the comﬂstlat' éymﬁe%&ﬁlﬁy%mw@ﬁpﬁ%& Butirbntl {5 HeARE

the
accordi ng to e presen I nvention escri be A fixed ?eeder
100 of the.first ch 51 % éﬁ% 5 f % f h
second na“&UEMP¥%%q% égﬁﬁéﬁﬁg n@ £5£ gg% géd%%Fl 00&
| ocat ed o tside the connut ti it a ﬁﬁ%gh nd of
Lhe bia S ChdBexiEus SUHELE b AP N EERET (e A Wt e T tinFLE
t he reactor 57 is connected with the flrst capacitor 55 and second
capaci t 0°8pgCLECRT PR} EChRIF STh BUEPEFLEL 0 LRASSPITEM Lead, CURFeRR 51
is electrically conductive to a novabl e feeder 120 through a power
col | ect oef102000hk i \ofifisets ardewhap thes cognantt el Whe £insé maiBower
supply 1. The novabl e conductor 62 of the first main switch 51 and
t he novatswdtcbn&idcbecofés ozetrhe £he sfirsih meviint cwitk®hasd Findehesant |y
connected electrically through conductors 102, 103, a flexible
conductommiﬁérapdiancom&m&tdnuﬂﬁﬁeawefepdns,ﬂﬁés&ubmﬂﬁatﬂswitaﬂ are
fixed on a fixed conductor
10 52 performs the function to dlsconnect the load 2 and the first
capacitor 55, and the load 2 and the second capacitor 56 to
prevent an electric shock accident due to the capacitor charge
voltage in the load clrcuit.
Next, an embodiment of the above commutation type DC
15 circuit breaker 5 as a circult breaker according to the present
invention will be described referring to Figs. 1 to 4 and Fig.
14.
Inanembodiment of the commutation typeDCcirculit breaker
5 as a circuit breaker according to the present invention, the
20 four swltches are automatically activated at the above timings
by two electromagnets and a mechanical link structure. ¥#igs.
1 to 4 indicate that the circuit is in operation (the first
main switch 51 and second switch 52 are closed). All the four

switches are illustrated here as vacuum valves incorporating

25 a palr of contacts but may be air switches or the like,



“fixed conductor 109 of the second sub switch 54. On 20 the ot her
hand, the feeder

106 is connected with the first capacitor 55 outside

the conmmutation type DC circuit breaker 5. A novable conductor 110 of
the second sub switch 54 is connectelt with the second capacitor 56
t hrough a conductor 111, a flexible conductor 112 and a feeder 113. A

novabl e conduct or

conducti ve
The novabl e

25 200 of the second main switch 52 is electrically

15rifs i, MDA chleeshnd8BiéMr Ot St inene! bgcthRe 201.
feeder 203 is connected with the load 2. The system

circuit %ﬂﬂ‘}{ﬁgﬁghfﬁ giﬂéb ifc Id RN bedakirt Hea PV RhAH bredker

connecti ons.

mechani cal structure of an enbodi nent of the

COMI 21 03k Re T UL Yol 2 Gt o ALY W lahcessgh acc0r 0 no

to the pres

ventron escri retrerring Igs. 1 to 4.

10

15

20

25

A fixed feeder 100 of the first main switch 51 and a fixed
feeder 114 of the second main switch 52 are connected to a bus
bax 1000 {(Fig. 4) located cutside the commutation type DC circuit
breaker 5. One end of the bus bar 1000 is connected wlith the
reactor 57. The other end of the reactor 57 is connected with
the first capacitor 55 and second capacitor 56. A movable
conductor 62 of the first mailn switch 51 1s electrically
conductive to a movable feeder 120 through a power collector
101. The movable feeder 120 1s connected with the DC power
supply 1. The mowvable conductor 62 of the first maln switch
51 and the movable conductor 69 of the f£first sub switch 53 are
constantly connected electrically through conductors 102, 103,
a flexible conductor 104 and a conductor 105.

A feeder 106 and a feeder 107 are fixed on a fixed conductor
108 of the first sub switch 53. The feeder 107 1s connected
with a fixed conductor 109 of the second sub switch 54. On
the other hand, the feeder 106 1s connected with the first
capacitor 55 outside the commutation type DC circuilt breaker
5. A movable conductor 110 of the second sub switch 54 is
connected with the second capacitor 56 through a conductor 111,
a flexible conductor 112 and a feeder 113. A movable conductor

200 of the second main switch 52 1s electrically conductive



As shown in Fig. 1, the novable conductor 62 of the first 10 nmain
switch 51 is pin-connected with a nenber 64. One end of an operating
rod 65 is fixed on the nenber 64 and the other end is fixed on a
hinge 66. The nmovabl e conductor 69 of the first sub switch 53 is
connected with the hinge 66 through a nmenber 67 by a pin 534. In

ot her words, the novable conductor 15 62 of the first main switch 51
and the novabl e conductor 69 of the first sub switch 53 work in

conj unct i tn animoivabiehfeeder 200hd&hapught & rppwar] ce3Aegtntt 281 es Thepin
150 whose top and bottomare flattened. A washer 153, a contact
pressur e mprablyp IBadend(B UsshenndStedind thetbe bimadk@n tThee piyste@®0 and
a nut 152 20 fixed on the operating rod 65. Also the operating rod 65

penet r at esiriuid) shéwwIRONES ) 6 1« imbibnented byltite Wwbovl almtiricales an
openi ng neans, and a repulsion plate 171. An eddy current is

gener at etzddhddtaongpul sion plate 171 by excitation of the
el ectromagnetic 25 repulsion coil 170, and an el ectronmagnetic

repul sj ve forcCgeyt6 A WeeRahhat Wisiith afeafﬁleﬁﬁba%asef‘af %he

repul sion coil 170 and the eddy current of the repulsion plate 171 is
recei ved ¥ ﬁn%!qg h #§5H5£ r | gi I Y/ e
operatindpro nggggpgga%ré I n |3&*T§%¥ ?hggrgpu é?%%f?é%ggg;QS As
shown in Fig. 3, the vabl e _conduct.aor 20 the second in,swtch
321 i it PR PErsRat ol SiSon gt Che dRIERAG R 188,
204 is fixed on the nenber 202. The operating rod 204 penetrates a .

pin 206 W F¥98zt deh@d%abut nent surfaces at the top and bottom A

washer 210, a contact pressure spring
As shown in Fig. 1, the movable conductor 62 of the first

10 maln switch 51 is pin-connected with a member 64. One end of
an operating rod 65 is fixed on the member 64 and _the other
end is fixed on a hinge 66. ‘The movable conductor 69 of the
first sub switch 53 is connected with the hinge 66 through a
member 67 by a pin 534. In other words, the movable conductor

15 62 of the first main switch 51 and the movable conductor 69
of the first sub switch 53 work in conjunction with each other.
The operating rod 65A penetrates a pin 150 whose top and bottom
are flattened. A washer 153, a contact pressure spring 151
and a washer 154 are held between the pin 150 and a nut 152

20 fixed on the operating rod 65.

Also the operating rod 65 penetrates an electromagnetic
repulsion coll 170 which constitutes an opening means, and a
repulsion plate 171. An eddy current is generated in the
repulsion plate 171 by excitatlion of the electromagnetic

25 repulsion ceil 170, and an electromagnetic repulsive force



10 212 and a washer 214 are held between the pin 206 and a nut 208
fixed on the operating rod 202. Wth the second main switch 52 open,
the hexagonal part 216 at the top of the operating rod 202 is engaged
with the pin 206 by a contact pressure spring 212. On the other hand,
in closing operation of the second 1 main switch 52, the pin 206 and
hexagonal part 216 are di sengaged at the nonment the fixed contact 220
and novabl e contact 222 of the second main swtch 52 contact each

other, andt@adeh e BAFAEAL MECERY A etRbREgRIP1E TepRIBIBATRAL LT | oad
of the cont act pressure spring 212 becones a contact force of the 20

contacts ghi 5 f&tﬂ%ﬁt S {10d r%%ulféaoahameté mfi 9% récafded the

operating ro the first min swtch 51 and the operating rod

202 of t 301
focated B st%r‘*?eﬁ%e??t?%'?“mﬁ“ﬁ@r?@ﬁl%d ﬁ%ﬁ%@%ﬁ%ﬁ% BIERERhD” |
an operatr 5 device casge ,30 f t r omagnet
301 is 8 pﬁ“@‘&a%‘fw ’1%3&9 rsﬁaepr!iﬁsgﬁg f§5€gthrough a
menber 303 The ot her |evers_503 t he nuj 500 re
Coupl & with arspﬁgmﬁw-r%dtse@omi oagupaaa@&'&wﬁr? saeond
switch 51 and an insulating rod 504 extending toward the 5 second

mai n-shamalgyswibelcl? g pintrenpactediyHd @omenberi 302ngQHedentt h
the pin 150 through a sub shaft 510 and the insulating rod 504 is
engaged wiftan operaliing0nl 204 dadi xedonitheegnbeg1202 4 nThelpperabiag, as
shown in Figs. 1 and 3, the attractive force of the el ectromagnet 301
I S transmcki 204 tpenkheatpsraping20®aitd thadfenddcabutsentresunrfacesch 51
and the operating rod 204 of the second nmain switch 52 through the
mai n shafdt £0@ tobeual Bobbdm. SA3vastit} P1OYiadeésn it presguid epeihg
shafts 510, 512 and |l evers 513, 514 provided on them The first main
SW t gl Shi0r ghlica SeadstEd Misnagvl h61A Db tweenUitABdpOR 264 ek ANt

exciting
208 fixed on the operating rod 202. With the second main switch

52 open, the hexagonal part 216 at the top of the operating
rod 202 1s engaged with the pin 206 by a contact pressure spring
212. On the other hand, in closing operation of the second
15 mainswltch52, the pin 206 and hexagonal part 216 are disengaged
at the moment the fixed contact 220 and movable contact 222
of the second main switch 52 contact each other, and as the
contact pressure spring 212 ls compressed, the load of the
contact pressure spring 212 hecomes a contact force of the
20 contacts in the second main switch 52.

As shown in Figs. 1 and 3, the operating rod 65 of the
first maln switch 51 and the operating rod 202 of the second
main switch 52 are driven by an electromagnet 301 located beside
the £irst main switch 51 and secondmain switch 52 in an operating

25 device casa 300. The shaft 302 of the electromagnet 301 is



15 a first coil 305a in the el ectromagnet 301 and noving a pl unger

304 downward in the figure. The first sub switch 53 is driven
in conjunction with the first main switch 53. as nentioned above;
however, in order to achieve operation timngs as illustrated in

Figs. 6 and 7, 20 a coupling nmenber 5830 and a | ever 531 are provided
as shown in Fig. 1. The coupling nmenber 530 and | ever 531 are
connected with each other by a pin 533. The other end of the coupling

menber 53Qupl ARG bRE Mivdy 508 Jrey Aiaihléhaft bbe tHtouyhed memb8r On
the other hand, the lever 531 freely rotates around 25 a shaft 532 as

a fulcrumgs 18the othe'88vbP8 364 Hnd™@b9 &1V fre) mainOBRESL HOUE are
operating rod 65 noves upward in Fig. 1 and the first sub switch 53

I .
ggﬁﬁt gr gl ocEw%ge?iﬁigghﬁcauséeﬁsiﬁgaﬁe%/%”éﬁ?ﬁ%%ﬁ%ngaggdm}:rtl% ftjﬁgtpi n
534 in the 5 hi bl th
First subvee pehees i Baf AT §Esspahind IRd B EHN e 1HE i
in the hi 66 th jch th in 534 t i | i
or der 3 0 AR HAFEOPS TASRAGELEF B0 MBanVE LoD iR ng
direction (downward) regardl ess of the 10 position of the qgperating
rod 65. FEIgageqad thifhein 130 thrpugha sub ghast 54 g apdithe ipspdating
contact force to the first sub switch 53. As shown in Fig. 3

a coupl i mpdrShels rmaged withvthe 54n 306 thxeugly @veyboshaft Bd2second
sub switch 54. Wen the 15 second main.switch 52 opens, the |ever 541
rot at es dimotbler wordisafas shownliocRigse,l anhd Sh thesttrahtiveforcs4l to
engage with a pin 543 in a nenber 544 coupled with the novabl e
conduct orofl theobléderanemnred 30b byitrahshitaad twithe dbpekatirgg modabl e
conductor 110 toward the opening direction (dowward). 20 Reference

humer@ 7€s leIPragefi fs @ Ml REINWRhCH1 CanE k12 OpeiratingOore® 20a bife
second sub switch 54. The coupling nmenbers 530 and 540 are vari abl e

in |engt hadekdfd hiddhiitonOPS Wb ughd+ab GRAND shiaFtNS60 | Aleviehd Mai N
switches and sub switches. In Fig. 4, reference nunmeral 555
representgy @ 56PP8§ provided on it and the sub shafts 510, 512 and
levers 513, 514 provided on them. The first main switch 51
or the second main switch 52 is turned on (closed) by exciting
15 a first coll 305a in the electromagnet 301 and moving a plunger
304 dovnward in the filgure.
The first sub switch 53 is driven in conjunction with
the first main switch 51 as mentioned above; however, in order
to achievs operation timings as illustrated in Figs. 6 and 7,
20 a coupling member 530 and a lever 531 are provided as shown
in Fig. 1. The coupling member 530 and lever 531 are connected
wlth each other by a pin 533. The other end of the coupling
member 530 is connected with the lever 513 of the sub shaft

510. On the other hand, the lever 531 freely rotates around

25 a shaft 532 ‘as a fulcrum.



“as to work in conjunction with the main shaft 500;

S

590 represents a capacitor which supplies exciting energy to the
first coil 305a; and reference nunmeral 591 represents a control

circuit for the electromagnet 301. THe 5 area indicated by chain
doubl e-dashed line represents the control unit 900 for supplying
exciting energy to the electromagnetic repulsion coil 170, which

conprised of aygraRadid 21r882mait switent $Dlogeaas,dth8Spdiading ked
structure of the electromagnet 301 will be 10 described. The fir

coi | 305%%&@&@9&:&%@@5? aRBSHY £V duBbwa tRaEYE In80L1okky

cores 903, 904, 905 are provided on the upper, outer circunferenti al

and | Owerm%usig‘gﬁg 8%&& P%gé e %g%llr:x!g%%o%ﬁ‘égge&&%%ﬂocﬂige?

per manent” magn res

surf ace.

on t core 3 ont

upper

e.movabl e core 15 0 e electro n 3 [

a nnvabléggfpcﬁ?gfe%ﬁiF%igg ra%%it eengﬁaeqﬂ%b%&?ng}ﬁéﬁﬂfg%$&g§
shaft 302 and a_nut_ 907. \Wen the ele tronagnet 301 is Hﬁ{n?ﬁ OQ
pl ungér 3U9RI8NH6 ARMPERS RaFkhe v e GARdREteF &F E O EAER!
Next, operation of an enbodi nent of the conmutation type 20 DC
circuit prubakwltehas3 towardithepppantng Aaachiey {(dovhearilbscihe
i nvention will be described. (Normal closing operation and open
oper at i olellenip| the dg-ngeef bt thoppugthahichsthe giin 384 peretnptes is
el ectromagnet 301 is excited to | et the plunger generate an

10

15

20

25

made oval in order to enable the movable conductor 69 to move
toward the opening direction (downward) regardless of the
position of the operating rod 65. Reference numeral 70
represents a spring which gives a contaét force to the fixst
sub switch 53.

As shown in Fig. 3, a coupling member 540 and a lever
541 are also provided on the second sub switch 54. When the
second main switch 52 opens, the lever 541 rotates around the
shaft 542 clockwise, which causes the lever 541 to engage with
2 pln 543 in a member 544 coupled with the movable conductor
110 of the second sub switch 54 and moves back the movable
conductor 110 toward the opening direction (downward).
Reference numeral 71 represents a spring which gives a contact
force to the second sub switch 54. The coupling members 530
and 540 are variable in length and used to adjust opening and
closing timings for the maln swlfches and sub switches.

In Fig. 4, reference numeral 555 represents a tripping

spring which is provided in the operating device case 300 so

r ef erence nuner al
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ed
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d of

n the
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25 attractive force. This attractive force is transmtted to the 20
operating rod 65 of the first main switch 51 and the operating rod
204 of the second main switch 52 through the nmain shaft 500 and sub
shafts 510, 512, so that the novabl e conductors 62 and 200 nove
downward and the first main switch 5% and second 5 main switch 52
close. In closing operation, the contact pressure springs 151, 212 of
the main switches 51, 52 and the tripping spring 555 in the operating

devi ce cagetdUbi¢ Snetasiinddion wiahoesk WP SRAEE S0U; eBeBFERcoOf the
first main swtch 51 and second main swtch 52. toAt this tine, the

first 'suggﬁgg%ﬁgsgé £2Pgn cﬁﬁggﬂgoﬁiﬁlﬁ{l Aib1NIeBIRXEPL BHG

engaged, seco sub switc econes closed as the lever 541

and pin %fc%gggg&%i iscggg%qggt. %%gi %‘Q@R’-etah&“ :%ff]g%!aﬁéénﬂ}lﬂg‘ﬁéeft 9. the

el ectromag S de-excite € reacfive rces o

el astically charged 15 contac ressure sprin 151, 2 nd | ppi ng

spring 55:9\11’5958’&8?(? W“&ﬁ@iaﬁ?’gm’cﬁi 3'81”1‘5’? ?%ﬁ%%ﬁ@a%?ﬁé@m % net

306 in the el ectromagnet 301. At this time, a _magnetic flux fromthe
Fhpdl 10

per nafen2rfgdBLigated sbyerbein cdowhlends repregertentife
per mmnent magnet 306 through the novabl e plate 906, plunger 20 304,

center | €&§nygsl funddd 80P e f9gs, sYPPARLnGr 8X0blingdeppxay d&r etb®3 to
t he permanent magnet 306. In nornal opening operation of the first
mai n swi edlecitronagnetbo mepwdisdoaweoth B0, whdchi istconnnisegoati s
excited in a direction reverse to the excitation direction in the
above ZSCabasﬁngro@mnzﬂndna doptreleboatrd WRXiting the first coil
o Next, the structure of the electromagnet 301 will be
10 described. The firstcoll 305aandsecondcoll 305bareprovided
on a bobbin 501. PFixed cores 903, 904, 905 are provided on
the upper, outer circumferential and lower surfaces of the first
colil 305a and second coil 305b and a permanent magnet 306 rests
on the fixed core 903 on the upper surface. The movable core
15 ofthe electromagnet 301 is composed of amovable circular plate
906 and the plunger 304 and held between the shaft 302 ahd a
nut 907. When the electromagnet 301 is turned on, the plunger
304 and a center leg 908 are in contact with each other.
Next, operation of an embodiment of the commutation type
20 DCcircuitbreak&r5&sacircuitbreakeraccordingtothepresent
inventiocn will be described.
(Normal closing operation and opening operation)
In closing operation, the first coil 305a of the

electromagnet 301 is exclited to let the plunger generate an

25 attractive force. This attractive force 1s transmltted to the



21 the magnetic flux between the plunger 304 and center leg 908 is
cancelled and the attractive force of the electromagnet 301 is
decreased. Wen the attractive force becones snmaller than the spring
reactive force, the first main switch 51 and second 5 main switch 52
start opening operation. In this ele®romagnetic operating mechani sm
openi ng operation is basically done by the spring forces of the
contact pressure springs 151, 212 and tripping spring 555. In other

words, I eyrat1AYGddRebE dhet fifrdt malin GWiltck05a 1@ Yhé epeiratingn
energy 10 enough to cancel the magnetic flux generated by the

per manentyJPpaagt of (£ Weddieehalit 5@ tdl) AR rohgANtRE Malanhart
In quick interruption in case of an accident, the el ectronmagnetic

repul sio il 51 [ %?%3 t e 5 (oya=Yorat-d gl

repul si v&@gr‘%’g %‘(r}%ma? e rtesg'ﬂl's?%%'p a?e&ltg%?lgTﬂgbﬁg%er 64 ?:leoggi ves
t he el ects,ona I c repulsive. for a, h e i pl ed
w th the SoRBRROR A Be s BRRIATER -1 BaPh T Eirchisy flafaceaun *C
spring 151 until_ the first nmain switch 51 beco open.and the first
SUb S { HES PHETSLEIHed T G197 1R [FREF AN s 9FERE50 and
sub shaft 510 are not activated and the second main swtch 52 ggd
second sRFeSFUECHSBRLRGTASH - uhth Qfgthe maid s¥dbrhes AL, 585 biERehe

el ectromagnet 301 is connected in series with the el ectromagnetic

r epul si ontwkENinG7 Gpaiade 5ot d@ AhesjopanatiagusieyiGet Fagpe 300 are

el ectromagnetic repul sion coil 170.
elastically charged to prepare for opening of the first main

switch 51 and second main switch 52.
10 At this time, the first sub switch 53 becomes open as
the pin 534 and hinge 66 are engaged, and the second sub switch
54 becomes closed as the lever 541 and pin 543 are disengaged..
Upon completion of closing operation, the electromagnet 301
is de-excite;d. The reactlve forces of the elastically charged
15 contact pressure springs 151, 212 and tripping spring 555 are
held by the attractive force of the permanent magnet 306 in
the electromagnet 301. At this time, a magnetic flux £rom the
permanent magnet 306 1ls generated primarily in the route from
the permanent magnet 306 through the movable plate 906, plunger
20 304, center leg %08, fixed core 905, fixed core 904 and :E:!.xed
core 903 to the permanent magnet 306.
In normal opening operation of the first main switch 51
and second main switch 52, the first coil 305a is excited in
a direction reverse to the excitation direction in the above

25 closing operation. By reversely exclting the first coil 305a,



22 Wen the direction of excitation of the second coil 305b is set to
be the sane as the direction of excitation of the first coil 305a in
openi ng operation (reverse excitation) , the magnetic flux of the

per manent magnet 306 is cancelled and the 5 attractive force of the
el ectromagnet 301 is thus decr eased. “Wen the attractive force of the
el ectromagnet 301 becones smaller than the reactive forces of .the
contact pressure springs 151, 212 and tripping spring 555, the

pl unger 3t magaetipvtinck bemwees pchs @luhbersiwbridnaentemilegh 988 and

second sub switch 10 open as well. Next, the control nmethod of an
enbodi ments oanéSELSD At tHid abtiyPELECEoree Wit ths edkerramagnet 300 t
breaker according to the present invention will be described

referringid gebtr88sed. t @néfl- tHd dstrict Sra #dré8 vEcbONEs2shalPeVithah
expl ain 15 operation of the control circuit in closing operation,

normal o Eﬂﬁggﬁgxﬁhbﬂﬂvé%ﬂd&t.efﬁé’ B4rgR hdiF BREteh 5ANakd Fedil

respectively closing operation and opening-operation are
cont LSl LR ) R *Bhed bl SURUIBECS! | OB o
electromagnetic operating mechanism, opening operation is
basibally done by the spring forces of the contact pressure
springs 151, 212 and tripping spring 555. 1In other words,
reverse exclitation of the first coil 305aonly requires an energy
10 enough to cancel the magnetic flux generated by the permanent
magnet.
(Quick interruption in case of an accident)
In quick interruption in case of an accldent, the
electromagnetic repulsion coil 170 is exclted to generate an
15 electromagnetic repulsive force from the repulsion plate 171.
| The member 64 receives the electromagnetic repulsive force and
the operating rod 65 coupled with the member 64 moves upward
‘further flexing the contact pressure spring 151 until the first
main switch 51 becomes open and the £irst sub switch 53 becomes
20 closed. At this time, the main shaft 500 and sub shaft 510
are not activated and the second main switch 52 and second sub
gwitch 54 remain unchanged.
The second coll 305b of the electromagnet 301 1s connected

inserieswith theelectromagneticrepulsioncoil 170 andexcited

25  simultaneously with the electromagnetic repulsion coil 170.



20 switch 915 is turned ON to give the charge of the capacitor 590 to
the first coil 305a in the el ectromagnet 301 (Fig. 8) . On the other
hand, in nornmal opening operation, four contacts 930, 931, 932, 933
are activated to make a circuit and the switch 915 is turned ONto
excite the first coil 305a in a diregion 25 reverse to the
excitation direction in closing operation (Fig. 23 9). The arrowed
curves in Figs. 8 and 9 express the directions of exciting current

flows.  when th Gibekedd Qe URLheBELdh (15 4ndf s8BoAG bR osbNes

switch 9 ur ned to excite the el ectronmagnetic repul sion coil

5 170 an C ' 0) i h

of the cRSILEPITE 509 fild d itk blrbBEsSh B EROREREIR B, B fagaEnar O°
Since the first coi)] 305a and second coi)_b constitut I

i nding ST R TP CRID EtEae arctsstigiies e  age
s generated in the other (electromagnetic indyction). FQr t d
coi | 305MRagpftiR #%gsdthépeaa%ﬁnt P'Pap?'{%ﬁ? %m’é}qwﬁi?ﬁ?@ﬁﬁg?

be smal| because of high speed and the nunber of turns is 10 (turns)

or soS OnttracsdNerfererl off bhe ileqtrogagpst| 3&bds thas dpareasedd for

nor mal openi ng or .
When the attractive force of the electromagnet 301 becomes

smaller than the reactive forces of the contact pressure springs

151, 212 and tripping spring 555, the plunger 304 moves upward.

In response, the second main switch 52 and second sub switch
10 open as well.

Next, the control method@d of an embodiment of the
commutation type DC circuit breaker as a circuit breaker
according to the present invention will be described referring
to Figs. 8 to-10. Figs. 8, 9 and 10 are dlagrams which explain

15 operation of the control circuit in closing operation, normal
openiﬁg operation and interruption in case of an accident,
respectively. Normal closing operation and opening operation
are controlled by the control board 591. 1In closing operation,
two contacts 934, 935 are turned ON tc make a circuit and the

26 switch 915 is turned ON to give the charge of the capacitor
590 to the first coll 305a in the electromagnet 301 (Fig. 8).
On the other hand, in normal opening operation, four contacts
930, 931, 932, 933 are activated to make a circuit and the switch
915 is turned ON to excite the first coil 305a in a direction

25 reverse to the excitation direction in c¢losing operation (Fig.



"reduce the burdens on the capacitor 590 and switch 915 and t he nunber
of turns is set to 200-400 turns. Since the induced voltage is
proportional to the nunmber of turns, the voltage induced in the
second coil upon excitation of the f2¥st coil 20 does not pose a
problem (in normal closing or opening operation) but conversely, .or
In quick interruption, a voltage on the kilovolt-order is induced in

the fi rsfg)qgggnémma £u elsid B s?r@aﬂa@g&pr@sﬂﬁe@%&a@]ﬁs

suppr essor IS provided as a count er measure agal nst uced
voltage int [ | a. The surge voltage suppressor 954
i s | ocat e ?fiiggnéa{“;#?eg@ vﬁ %n%t'he first coil 305a so that a
circulating cugrent, fl bet ween the first coil 3053 apd the, surge
Vol tage suppr LB s, EREeTiYRTIoN L Grae SF BR 1RGP AR Be PULKAR or

t he surge voltage suppressor 954 hut in consideration of 5 durability
Lo wi t hetHdiip EFReRt OB 3 ¥PERS The PLOREETRAMIat HhBPPRSIRA Coibr i sed
of a protective resistance 952 and a di ode 950 as shown in Fi 8 to

S.
10. A$ sHAfhapd they sepond gogli 3oL ﬁpethamletﬁﬁromaae*édz%rbﬂe%bel

fl ows through the surge vol tage suppressor 954 and therefore the

i nduced vdilarggeofnthéecdpaaiitor0963i locoted iin dber canbrol \Wndit PRE
protective resistance 952 is decreased, the induced voltage is

decr eased Higt. 1b9.el ectronagnet 301 is released for a longer tinme. In
order to nmeet the circuit insulation requirenment, the resistance

shoul d be as | gifige dhe FITER| oi1H0sa BhE sedvi GBAL, b rEUmtARatat i ng
energy is required in closing operation in which the contact pressure

springs lphupdls @ldaidd RRARLERE), Nner o SCkAsh! £8] dxcohar,gad for
driving, than in opening operation which basically uses the above
SPring  induced voltage is generated in the other {electromagnetic
induction). For the second coil 305b, which 1s used for quick
interruption, the inductance must be small because of high speed
and the number of turns is 10 (turns) or so. On the other hand,
for the first coil 305a, which is used for normal opening or
15 closing operation, the coll current must be decreased in order
io reduce the burdens on the capacitor 590 and switch 915 and
the number of turns is set to 200-400 turns. Since the induced
voltage is proportional to the number of turns, the voltage
induced in the second coll upon excitation of the first coil
20 does not pose aproblem (in normal closing or opening operation)
but conversely, or in qulck interruption, a voltage on the
kilovolt-order is induced in the first coil 305a.
In this embodiment, a surge voltage suppressor 954 1s

provided as a countermeasure against induced voltage in the

25 first coll 305a. The surge voltage suppressor 954 is located



forces. As explained earlier, in the case of the el ectromagnet zo 301
in this enbodi nent, for opening operation it is enough to cancel the
magnetic flux of the per manent magnet 306 in the el ectromagnet 301.
For this reason, the diode 950 is djsposed as shown in Figs. 8 to 10
so as not to affect cl osi ng operailc#ﬁ whi ch requires a | arge energy.
On the other hand, for normal 25 opening operation, which uses a
smal | operating energy, the 25 current nay be distributed to the

surge voli&ﬁgﬁa&mrﬁ%%ne‘?éﬁ-sﬂ oLl 56%5a ¥OkHAL atdlr%uiatgﬁ?mh:&aﬁe
suppr essor 954 may be said to be particularly effective Tor the

el ectrongg 3:%:@1‘ h e [ ation
energy is small BI%ur'?:!nerm)re WE" c%ﬁar\(l)\?ﬁ& tﬁodsg ggt 23{1%266

foll ow n ALOUS, &PPr ga I C o) ust
after thgs (P%Fggl o‘i{ulp't ygeg{!ﬁc ccl'xrg% t ir'gg %‘?"17@"6 E*'gr ne %?Eépem ng
operation_nust be i lately started free oper, i ke
an AC syst&m§Hr9mi¥ gﬁgg urPREeZ8PH Sélan%EO in \ﬁé@'fig?Fgﬁion hl)@.
system if the fault current exceeds the conmutation curregg: gge to

del ay 3i n BEFabALtEpEe KAt and; EFPARRR PRATGAIOPA 1T 1 das

operation, if an earth fault accident occurs
that it be comprised of a protective resistance 952 and a diode

950 as shown in Figs. 8 to 10. As shown in Flg. 10, in quick
interruption, induced current I £lows through the surge voltage
suppressor 954 and therefore the induced voltage in the first

10 coll 30b5a l1ls decreased. When the protective resistance 952
is decreased, the 1nduced voltage is decreased but the
electromagnet 301 ls released for a longer time. In order to
meet the circult insulation requlrement, the resistance should
be as large as possible.

15 In this embodiment, more operating eneréy is raquired
in ¢losing opefation in which the contact pressure springs 151,
212 and tripping spring 555 are elastically charged for driving,
than in opening operation which basically uses the above spring
forces. As explainedearlier, in the case of the electromagnet

20 301 in this embodiment, for opening operation it is enough to
cancel the magnetic flux of the permanent magnet 306 in the
electromagnet 301. For this reason, the diode 950 1s disposed
as shown in Flgs. 8 to 10 so as not to affect closing operation,
which requires a large energy. On the other hand, for normal

25 opening operation, which uses a small operating energy, the



upon contact of the contacts of the first main switch 51 and 15
second main switch 52, the current transforner 58 in the feeding |line
3 detects the fault current and sends an openi ng/closing command to
the conmmutation type DC circuit breaker 5 through the overcurrent
tripping device 59 and the control ufft 900. At this nonent, the
control circuit is as shown in Fig. 8 because 20-cl osing operation is
under way in the conmutation type DC circuit breaker 5. |If the

el ect r omegieehnt niagPbé aiieeribuated €0 BisergeRo1cage sippbeaser 954 t ed
in this condition, an excessive induced current would flow in the

| ow- i npeda@ngenét Wotids, (£hissuegkl velbige suppkastoBIB4 mapieiehid33 -
swtch 915 -capacitor 590 25 - contact 930 - contact 934 - first coi
305a) , whj 68 gEr¥ibularly effective for the electromagnet 301 in this
embodiment, for which the opening operation energy is small.
5 Furthermore, this control method adopts the following
ingenious approach. If an earth fault accident occurs Jjust
after the commutation fype DC circuilt breaker 5 is turned on,
opening operation must be immediately started (trip-free
operation). Unlike an AC system in which a current zero point
10 always exlsts, in a DC system, 1f the fault current exceeds
the commutation current due to delay in opening operation,
interruption might fail.
In closing operation, if an earth fault accident occurs
upon contact of the contacts of the first main switchA51 and
15 secondmainswitchsz,thecurrenttransform&rsainthefeeding‘
line 3 detects the fault current and sends an opening/closing
command t¢ the commutation type DC circult breaker 5 through
the overcurrent tripping device 59 and the control unit 900.
At this moment, the control circuit is as shown in Fig. 8 because
20 closingoperation isunderway in the commutation type DCclrcuit
breaker 5. If theelectromagneticrepulsiocncoeil 170 and second
c¢oll 305b are excilted in this condition, an excessive induced
current would flow in the low-impedance circuit (first coil

305a - contact 935 - contact 933 - switch 915 -capacitor 590

25 - contact 930 - contact 934 - first coll 305a), which might



26 cause a delay in opening tinme and damage to the switch 915. Hence,
in the control method in this enbodi ment; at the sane tine when the
el ectromagnetic repulsion coil 170 is excited, the swtch 915 is
forced to turn OFF to break the | owinpedance 5 circuit. Therefore,
the switch 914 and switch 915 nust p?f%vi de qui ck response and
particularly the switch 915 nust denonstrate a quick interruption
performance. In order to meet the above requirement, a thyristor is

used for 4 aﬁe Ges W &g]qa,g %%@nalﬂgpgl_m arl CABmAEHE! | ¢QNEIS L 12 b, i S

used for sWwtc NeXt e advant age of an enbodi nent of

the commijglledns Yy %9 bt Und P ANCER Ps Wntibdilet], | o3 Bhme

according 10 t'he resen i'nventron

conventi qnal i ncludes a vacuum V. i ng
rechant siileoTheE dHe, S1RBE Camadir VAT FeBulBioiial) dp Y HREkER 0,
and an el ectromagnetic ul sion driving .mecha pJy ovi ded dway in
t he oper ﬁq%ﬁwﬁ%‘g‘hgﬁps’rﬁ gﬁﬁ?%d z}'op'é‘inﬁhﬂgﬁttc’n‘aﬁﬂ& % i%—t:lgmeg&npﬁ t he
operating nechani smand the closed state is held bg the attractive

f or ce Sof airEVidr nefhanefoggncthe sHibeh 8k 4andeywiish 345 mugtiproyddessary
to 20 give the novable part of the el ectromagnet 301 an

el ect r onegrictk vespmslesindpavt teulanlshthe sebtich 848 musd demapistrate

subtraction of the
a quick interruption performance. In order to meet the above

requirement, a thyristor is used fo:l': the switch 914 and an FET
or IGBT semiconductor switch 1s used for the switch 915.

10 Next, the advantage of an embodiment of the commutation
type DC circuit breaker 5 as a circuit breaker according to
the present invention will be described.

The conventional clrcuit breaker includes a vacuumvalve,
an operating mechanism provided in the vacuum valve

15 opening/closing direction, and an electromagnetic repulsion
driving mechanism provided midway in the operating mechanism
where a permanent magnet is installed in the operatingmechanism
'and the closed state 1s held by the attractive force of the
permanent magnet. In quick interruption, 1t 1s necessary to

20 glve themovablepart of theelectromagnet 301 anelectromagnetic
repuisive force which exceeds the result of subtraction of the
reactive forces of the conf:a.ct pressure springs 151, 212 and
tripping spring 555 from the attractive force of the permanent
magnet 306, namely the surplus force to hold the closed state

25 of the vacuum valve. In this type of circuit breaker, since



reactive forces of the contact pressure springs 151, 212 and tri pping
spring 555 fromthe attractive force of the permanent nmagnet 306,
nanmely the surplus force to hold the closed state 25 of the vacuum
valve. In this type of circuit breaker, since 27 for quick
interruption it is necessary to not &hly achi eve a prescribed opening
speed but al so provide an el ectromagnetic repul sive force in excess
of the attractive force of the permanent magnet to hold the closed

state, agogl gfick SftErApRIBALLE 1rseBHb§k9£h—P o/ hBE SRTYHFNIBvend a
| ar ger power “supply capacCity are needed. Al'so, a nechanismto reduce

rebound g;&rheﬁiﬂaaa@e%ﬁgesgéeg%@aﬂo et B fag oRIARABEILEC

repul sion reactrve torce nu e separately provide pr évent

recl osi “g:i-%ﬁ%gxtgg' 8Fsgbaﬁh pégf.tﬁ% %hs%ftmg@ﬁg 3Q4rks b vepgel y

excited roimagnetic repulsion opera ion'to
rel ease the attractive force of ga rnan 306 _an
facili tatpérﬂ]GPER%l PRgReht i 6h. hﬁé‘ %gﬁsea %ﬁ%‘gags}artlﬁ 4 abl eqéFPEm t
breaker which reduces rebound of the novable 15 el ectrode shaft and
pr evefit s elegtsopagnetie repuigton Axiyving meshanésp anga lgrgengoyer
I ntended for normal cl osing/opening operation, a second coil 302b
with a sradpplymapecityanamasdedss Also qamerhariemtesedacexebprued and
connected in series with the el ectronmagnetic repulsion coil 170 for
si mul t anediusthz0 nevebiat edpctiode hehatbedwd tdethd ceteainomagnedde i n
t hi s enbodi nent,
repulsion reactive force must be separately provided to prevent
reclosing.

10 In this embodiment, the electromagnet 301 is reversely
exclted simultaneously with electromagnetic repulsion
operationtorelease theattractive force of the permanentmagnet
306 and facllitate quick interruption. As a conseguence, a
reliable circuit breaker which reduces rebound of the movable

15 electrode shaft andprevents reclosing is provided. Apart from
the first coil 302a intended for normal c¢losing/opening
operation, a second coll 302b with a small inductance which
assures quick response is provided and connected in series with
the electromagnetic repulsion coll 170 for simultaneous

20 excitatlon.

In the case of the electromagnet 301 in this embodiment',
opening operation, which basically relies on the accumulated
elastic forces of the contact pressure springs 151, 212 and

tripping spring 555, is performed simply by canceling the

25 magnetic flux of the permanent magnet 306 to give an attractive



openi ng operation, which basically relies on the accunul ated el astic
forces of the contact pressure springs 151, 212 and tripping spring
555, is perforned sinply by canceling the 25 magnetic flux of the

per manent magnet 306 to give an attractive 28 force, which is

advant ageous i n assuring quick respofise. Since the first coi
305a and second coil 302b constitute a duplex structure, when one of
themis excited, an induced voltage is generated in the other coil.

Al t hough faircendwhich 5i sy cddveptagepasalirdassut iy fguick respoB®da, which
has a | arger nunber of turns, may be a problemfor quick interruption
i n whi ch magnesiscé lths faatsitaéeN305a landosecond ¢sikEabebddngtihatsur ge
vol t age suppressor 954 provided in parallel with the coil. The surge

vol tage %ngesﬁ%tmuf@meadoﬁ& &€ Rkl ¥ecifed cHS1AAGELQ52
and a di ode 950, assures durability to w thstand frequent operati on.

when the-2){tagevoh té’&%ﬁ%ﬁrfﬁ%ﬁ{e %ﬁﬁ ebScEPIPORE tn8hgR 4H Ahatked©

resi stance 9 and ode 950, the diode 950 1s arranged as foll ows.

ener g3 °|t“%’1't3 o PREIAA 1R, e dsdﬁf ?g&‘lidf‘?lo n ¥Feh AT a8t 1
954
el r o5 SRS OHE Bbaran ."ﬁ'a bReP o AR, e Rt o (it 7 oo

al | owed. ThIS sur e vol ssor 954 cannot be
el ect r omafst FRARATIR Rgﬁi %ﬁ)e‘r"dﬁ%g 1End? aﬁ%df gﬁ' %g?
cl osi ng operatlon and openlng o] eratlon IS useful for a case that

t he accurfiiEgectPItaga UPRIeeEgT 4(:1?’-"2‘?1"@9@0141 BerapleleliRtiprrhys 151,
212 and tripping spring 555 are used for opening operation as in this
enbodi nerfthe surge voltage rsuppressor 54 ccompesedk ofhtapuprecsive
(trip-free duty) 25 after closing operation, at the same tine when

t he sMmit clesibtance 952 and a diode 950, assures dqurability to withstand

frequent operation. When the surge voltage suppressor 954 is

composed of a protective resistance 952 and a diode 950, the

diode 950 1s arranged as follows. During opening operation

which only requires a small operating energy, the exciting

15 current 1is allowed tc be distributed tc the surge voltage

suppressor %54, and during closing operation which requires

a larger operating energy, such current distribution is not

allowed. Thils surge voltage suppressor 954 cannot be applied

to an electromagnet which requires a large operating energy

20 for both closing operation and opening operation. It isuseful

for a case that the accumulated elastic energles of the contact

pressure springs 151, 212 and tripping spring 555 are used for
opening operatlion as in this embodiment.

In order to achieve quick interruption (trip-free duty)

25 after closing operatlion, at the same time when the switch 914



29 to excite the electromagnetic repulsion coil 170 is turned ON, the
switch 915 to excite the first coil 302a is turned OFF. A thyristor
Is used for the switch 914 and an FET or | GBT sem conductor switch is
used for the switch 915 to assure quick 5 switch response and
particularly assure quick interrupti®h performance of the switch 915.
[ Second Enbodi nent ] Figs. 11 to 13 show an enbodi nent of a

t hr ee- phase high speed circuit breaker 600 as a circuit breaker

accor di ngot exdftd bRe MIRTRROMEAMEOLE F@pullBLBRICVLIFL T 1§1turned ONght
side sectional view of the three-phase high speed circuit breaker 600

as a CirGe! shi e eI1 9GP el nd I H¥eTONl BOYENMd GhurnEadore? is a
back view thereof, and Fig. 13 is a front view thereof, al

| ndi cat i ng @g%%gkséeﬂssag&-fw I SG AT ande aRAFER &R TGBT

desi gnat ed e sanme reference nunerals as in Figs. 1 to 4 are the
sane parts, [ n f t - |

cirourt sPmteepagskof st SRR L om U bl 5 SEATE AT HEE
freely rel easabl e contact._ A fixed.conductor 602 of fixed ectrode
20° of 51 nEWISCR RPN AT RATEIHIEELH APERES iy InssAErpELSs

| ocated on the upper side. On the other hand , anovabl e conductor 604

of its neIBPrEmaneet?hddre SWitel flleal Iy conductive to a novable
feeder 606 through a power collector 605. The novabl e conductor 604
i s coupl dfefond Bnbo MFl an 25 insulating rod 607. The other end of
the insulating rod 607

Figs. 11 to 13 show an embodiment of a three-phase high

séeed circult breaker 600 as a circult breaker according to

10 thepresent invention, inwhichFig. 11 isa right side sectional
view of the three-phase high speed circult breaker 600 as a
c¢ircuit breaker according to the present invention, Fig. 12
is a back view thereof, and Fig. 13 is a front view thereof,
all indicating the closed state. In these figures, the parts

15 designated by the same reference numerals as in Figs. 1 to 4
are the same parts.

In these figures, the three-phase high speed circuilt
breaker 600 includes a vacuum valve 601 incorporating a freely
releasable contact. A fixed conductor 602 of a fixed electrode

20 of the vacuum valve 601 is connected with a fixed feeder 603

locatedontheupperside. Ontheotherhand, amovableconductor

604 of its movable electrode is electrically conductive to a
movable feeder 606 through a power collector 605.

The movable conductor 604 1s coupled with one end of an

25 insulating rod 607. The othexr end of the insulating rod 607



30 is fixed on an operating rod 608. The operating rod 608 penetrates
a pin 609 with flattened abutnment surfaces at the top and bottom The
pi ns 609 for three phases are all engaged with one | ever 503 of a
single main shaft 500. A washer 611, _5 a contact pressure spring 612
and a washer 613 are held between th&’ pin 609 and a nut 610 fixed on
t he operating rod 608. Wth the vacuum val ve 601 open, the hexagonal
part 620 at the bottom of the operating rod 608 is engaged with the
pin 609 s afixed ani 4 aysarrest isyy im@g GOB. OThehepetatingamdd 608

cl osing operation 10 of the vacuum valve 601, the pin 609 and

hexagonalpdititra®df &findie9engagedlat tbhed avititeritheukfaees aintthat 621
and novabl e contact 622 of the vacuum val ve 601 contact each other,

and the 1Qa0afh ddt®omQNtPd pANSSERY SoePiidh PAdsES GRIEEAL R enRRgaal
force of the contacts. 15Thgg'operat| ng rod 6g8 i's comruni cated with

an el ect MRIRCLT foddiPRbS! OF acgihﬂig ﬁ?ﬁsﬁa&%%cﬁ' Of @ééﬁé‘r 541, which

constitute an opent ng neans. regol ng enbodi nent, an

E'yeétxés"g‘a‘%q@%%’t%#P%%%#é%ﬁp%ﬁ%&‘é wsgadeﬁagﬁ L
6 I

et e Sl Ao o ok kb B0 Bt e EE SRS, |85, 20,

is driven by an el ectromagnet 301 Iocat ed beside th uurg val ve 601

in an opefft VAGIARYALYS &ibleopen giye hewadanal PRRD 63p gt Ehe botton

el ectromagnet 301 is coupled with 31 the other |ever 501 of the main

shaft 500°% hheogeratinared GUB1s eacacnd witdy e PLASORRY aconkactor ce
of the electronmagnet 301 is transmtted to the operating rod 608

t hrough tpeesmine spring 508. Tre thecotimw hiand. 61 closingmueratlop
exciting a first

10 of the vacuum valve 601, the pin 609 and hexagonal part 620
are disengaged at the moment the fixed contact 621 and movable
contact 622 of the vacuum valve 601 contact each other, and
the load of the contact pressure spring 612 becomes a contact
force of the contacts.

15 The operating rod 608 1is communicated with an
electromagnetic repulsion ccil 170 and a repuision plate 171
which constitute an opening means. As In the foregoing
embodiment, an electrofnagnetic repulsive force generated in
the repulsion plate 171 by excltation of the electromagnetic

20 repulsion coll 170 is received by an insulating rod 607 and
due to the repulsive force, an operating rod 608 moves downward
in the figure.

The operating rod 608 is driven by an electromagnet 301

located beside the vacuum valve 601 in an operating device case

25 300. The shaft 302 of the electromagnet 301 is coupled with



5 coil 305a in the el ectromagnet 301 and novi ng a plunger 304
downward in the figure. The structure of the el ectromagnet 301
Is the sane as that of the foregoing enbodi nent. The first coil 305a
and second coil 305b are provided on_a bobbin 901 and fixed cores
903, 10 904, 905 are provided on theahpper, outer circunferential and
| ower surfaces of the first coil 305a and second coil 305b and a

per manent nagnet 306 rests on the fixed core 903 on the upper

surface. thHecotimmbbger@id of thiecmztirshadfieiitcthB8Migh & mamposdd3of a
novabl e circular plate 906 and a plunger 304 and held between 15 the

shaft 30Znadtheér Mdkde) 7thé\aeirabelies arircansad) ttie 8ldctsSonmayredd30D, the
pl unger 304 and a center |leg 908 are in contact with each other.

Next, opelgtiafsiftia el speka®ing B8d @B ent-Mige thBaRe D kBAFEPEEd
circuit breaker 600 as a circuit breaker according 20 to the present

Lnventi ofsol.| | e RSt Yadve | Gof! 05 1cHEnRACHA bPToxd MOy bSE1ERL!

305a of the el ectromagnet 301 is excited by a precharged capacitor

590 as s ' [ lﬁé % Ufpenge ﬂﬁ q%l cthye
force% ngéﬁa???gc%bve %@8%%%% §%ﬁén1t e 91@8? éféggﬁa |ﬁ% %gé 608
25 throu%g tag ga%n égaﬁﬁﬁﬁfo, so that the novable conductor 604 32
noves up "arand the™VR 74l ve 601 cl oses. Si mul taneously with
cl osing operation, the contaﬁt ressure s rin% g%f nﬁithe trig i ng
Spring 555 areTBE :SYHIGHIE ChaFhe P IeFiHuRInets 301 oht e, 5aBer &8 on.
Upon conpl etion of closing operation, the
that of the foregoing embodiment. The firstcoil 305aandsecond
coll 305b are provided on a bobbin 901 and fixed cores 903,
10 904, 905 are provided on the upper, outer circumferential and
lower surfaces of the first coil 305a and second coll 305b and
‘a permanent magnet 306 rests on the fixed core 903 on the upper
surface. The movable core of the electromagnet 301 is composed
of amovable clrcular plate 906 and a plunger 304 and held between
15 the shaft 302 and a nut 907. When the electromagnet 301 is
turned on, the plunger 304 and a center leg 908 are in contact
with each other.
Next, operation of an embodiment of the above three-phase
high speed circuit breaker 600 as a circuit breaker according
20 to the present invention will be described.
In closing operation, the first coil 305a of the
electromagnet 301 is excited by a precharged capacltor 590 as
shown in Fig. 13 to let the plunger generate an attractive force.

This attractive force 1s transmitted to the operating rod 608

25 through the main shaft 500, so that the movable conductor 604



5 el ectromagnet 301 is de-excited. The reactive forces of the

el astically charged contact pressure spring 612 and tripping spring
555 are held by the attractive force of the permanent magnet 306 in
the el ectromagnet 301. In normal opening operation of the vacuum

val ve 601, the 10 first coil 305a is3®xcited in a direction reverse
to the excitation direction in closing operation. By reversely
exciting the first coil 305a, the nmagnetic flux generated by the

per manentmovegnapwatb and tiee ablias vldearbeh dlivseat t rEimi Mareonsdyof
the el ectromagnet 301 becones snaller than the spring 15 reactive
force, tRatheloslng opertdt oi,athe 0PENtatEE Qresatranspring 612Thad
second coil 305b of the electromagnet 301 is connected in series wth
an el ect réﬂ@ﬁfﬁﬁ%ﬁnd QPH!LﬁQ BY5Cbd e1dBtibal Y ictiarbBE &y pPEH&Fe EBrCase
of an accident, the electromagnetic repulsion coil is excited by a
control | i 3) [ f 55553 n
control Eﬁ%%%ﬁ%ﬁkéé%%%ﬁﬁ#é é%@%??ggggﬁg??§(¥2%ﬁlsivebggfgggaghgpgted

|0 the T SBUALARhS} i Le HOSRREIGE! NEnE WL A0 LSS0 Up ARG

further f1exing e contr act "préssure sprirn e vacuum
switch 601 becones_open. thys tinme, the main s t. 5 0es._not
rove 05 yhastisgily Hidkadd cnnbdot niessune SREhd 412 agd hataniafy
repul sion coil 170 and_ the second coil 305b of the el ectroma%net 301

are si mul§REEGUSPY aB&bedd. PYvidiP ARETAFELYS TRTSr 0ExEhe RETIRIENTLL he

second coil 305b is set to be the sane as the direction 5 of

exci t at i gragmety 386f Lrsthe wlefummagnefof®ht openi ng operation
(reverse excitation), the attractive force of the pernmanent nagnet
306 i s decreaséd.nom@l openingopérathels off theyaconnastlver €8butbe
spring 612 and tripping spring 555 exceeds the attractive force of

t he pir mefiarstt nEgdet303@6,1d xgiltedgdn 304Aikedidgnneversey &oupver d.
In response, the whol e operating nechani smof the high speed circuit

breaker Gétiatdoa idiceemtonstiat &loBifgt @erativat hodyofrdveasalgh
speed circuit breaker 600 is the same as in the foregoi ng enbodi nent

and as i | dssiitiaigethe resnsds co811 205, thel Hagheic ML’ geRsrHbd byt he
vacuum val ve 601, it is

the permanent magnet 306 is cancelled and when the attractive
force of the electromagnet 301 becomes smaller than the spring
15 reactive force, the vacuun vaive 601 start opening operation.
The second coil 305b of the electromagnet 301 15 connected
in serles with an electromagnetic repulsion coil 170. Inquick
interruption 1ln case of an accldent, the aleétromagnetic
repulsion coll is excited by a control unit 900 (Fig. 13)
20 comprised of a capacitor 902 and a control hoard 903. By the
electromagnetic repulsive force generated in the repulsion
plate 171, the operating rod 608 fnoves downward further flexing
the contract pressure spring 612 until the vacuum switch 601

becomes open. At this time, the main shaft 500 does not move

25 yet.



necessary to give the novable part of the el ectromagnet 301 an

el ectromagnetic repul sive force which exceeds the result of
subtraction of the reactive forces of the contact pressure spring 612
and tripping spring 555 fromthe attractive force 20 of the permanent
magnet 306, nanely the surplus force®t o hold the closed state of the
vacuum val ve 601. If the el ectromagnetic repulsive force is directly
given to the el ectromagnet novable part, the reactive force incurs

the risk of comh@gaickentesiugtio the ebsctrdrwineticrepahssantoileduce
rebound nust be separately 25 provided as in the prior art. In this

enbodi mentzp. aR@ tBé ebeehdosBYNEL0sW lof Sthe VElsdtinomagabtedol are
simul taneously with el ectromagnetic repul sion operation to rel ease

the attragiditahebcs1Plerd1®eRS” TGN thEPANEAC B oAl tHtIRNCES eS
rebound of the novabl'e el ectrode shaft in the course of current
the second coil 305b is set to be the same as the direction

5 of excitation of the first coil 305a in normal opening operation
(reﬁerse excitation)}, the attrgctiva force of the permanent
magnet 306 1s decreased. When fhg sum of loads of the contact
pressure spring 612 and tripping spring 555 exceeds the
attractive force of the permanent magnet 306, the plunger 304

10 begins to move upward. In response, the whole operatling
mechanism of the high speed circult breaker 600 enters the open
state. The control method of the high speed circuit breaker
600 1s the same as in the foregoing embodiment and as 111lustrated
in Figs. 8 to 10.

15 In quick interruption by the vacuum valve 601, it is
necessary to give the movable part of the electromagnet 301
an electromagnetic repulsive force which exceeds the result
of subtraction of the reactive forces of the contaqt prassure
spring 612 and tripping spring 555 from the attractive force

20 of the permanent magnet 306, namely the surplus force to hold
the closed state of thevacuumvalve 601. Iftheelectromagnetic
repulsive force is directly given to the electromagnet movable
part, the reactive force incurs the risk of contact reclosing,

whichmeans that amechanismto reduce rebound must be separately

25 provided as in the prior art. In this embodiment, the



5 interruption by the el ectromagnetic repul sion driving nechani sm
making it possible to provide a reliable circuit breaker. 10 15 20
35 CLAIMS 1. Acircuit breaker conprising a first coil disposed in
an el ectromagnet for closing and opening a vacuum val ve, a second
coil disposed in the el ectromagnet tofether with the first coil, and
an el ectromagnetic repul sive coil connected in series to the second
coil, wherein; the first and second coils are disposed on a single
bobbi n; aenggbesm&Fndtirdna afs teeekbesy €otitdd diaugennebanlyhaltiof

t he second coil; and the second coil and the el ectromagnetic

repul si veegektréfi®giddny apEDsSdY of¥ght Bsh @b AdiRalskenthobtepadt dge of
contacts by the action of electromagnetic repulsion. 2. Acircuit

breaker ce@pELSsA%LHE LRCHEAENA! Hfgndt H06St whOEh SiiprddsdsNgeBAund
operating shaft of the vacuumvalve in a direction of opening

oper at 0Noeaft 1@l GRVEATRONG RAKIRY 7RVl &ild OBo e 8Pdclrrent

per manent nmagnet, and an operating nechanismfor performng closing
oper at Lon, cuu al b it . fir s, tostk y
keep the &%@8%%?%% Ce iHytﬁéﬁ%|%%gék%%ﬁg?ééﬁééeu§§34¥3188rf§%2§%§$
openi ng operation of the vacuumyvalve by exciting the first.coil.in a
o rect PontgsReurin’ e SEHP Ry IR Y PERTLER S AT B AR A
second co%l, phich is excited simultaneously with an el ectromagnetic
repul si on®E6FFor perform ng opening operation of the vacuum val ve
by the action of electromagnetic repulsion, is disposed in the

el ectromagnet, wherein; the first and second coils are di sposed on a

si ngl e bobbin; a nunber of turns of the first coil is larger than
that of the second coil; and the el ectromagnetic repulsion coil and
t he second coil are connected in series.

10

15

20

25



3. Acircuit breaker conprising a vacuum val ve and an operating
mechani sm characterized in that the gfrcuit breaker conprises an

el ectromagnet conprising a first coil, a second coil, a novable iron
core and a pernmanent nmagnet, and the operating nechani smperfornms 36
cl osi ng operation of the vacuumvalve by exiting the first coil to

t hereby keep the vacuumvalve in the closed position, and perforns
openi ng oper ati ofLMMBhe vacuum val ve by exciting the first coil in a
direction opposite to the closing operation, wherein the first and
second coils are wound on a single bobbin, a nunber of turns of the
first coil being1l argér cirbidn Hréeker oforirsinge coristc ool |, disprded him an

el ectromagnetic r I i i LN ected in
erics. A A ci PECTYTEIRLE coBRbahd Brd T deabinh vHFb o sE AN

oper at i ng nechanidspodedlr indithey iclegtramagpsr @pethgr stithf theofirst Iveil,vaili@m

val ve in an openi i rection hy . ' o} . onet L G.o;

repul si on, char ad egtrrlgnz% e:;t'ﬁ TF%LQ%/N% Egﬂ ?ﬁ'{@%&t" 'hrsgzlralggrtg ﬁ%ﬁprl é%gm'!a’
first coil and awkdewmimd coil, which are arranged on the sane axis, a
nmovabl e iron coreg_ that Y t X he fi nd
second coils, fi )%gd’n ?tra gosceg?ré@&g@%ﬁ%ggagg% Oﬁg%giﬁb%ab%ég%’ ?8\[/1\/}3?33% %@es
and ci rcunf er ent fumhs bigbe $irsb Loit ibdarfentban thaé oftbe sachndaiollisandan

el ectromagnet hayjng r e nmggne i o] i | ron
core, which is dyﬂsepogs%aﬂgn Eegh%per f%iggﬁréﬁgirfegfn?eé'ﬂ%vgméggl Jdé'rei ron
core i s constit usielltbyeausti exciikdnt thedinehaivapeging of aortacip pydkel attont he
fixed iron core , . way of the permanent nagnet, and
a plunger havi nggge%@ﬁnynéﬁ?‘l%é%feapﬁg%@opposed to inner faces of the
first and second coils; the operating mechani sm perforns an openi ng
operation of the,vacuym.alyv, exciti fi 0i | & ;

di rection opposifte tolAt 'EC%(';(I %seg%ed ‘%’E‘l‘eér"fé o%?%ﬁté%r%z}atl éavg]lcsglfﬁ%l \];?irl ve
in a closed st at dritigg an cattatiag shafeofftbe gacunim vdies per dicaséon oheggmety and
perfornms a cl osi at.jo al v it

first coil, the ?ﬁarar%ﬁgrén%hSé‘lg%ﬁoﬁ%é@%ﬁxk@ éobnogagﬁ E&(rgiér(l)é‘?gartd}c:%bi n;
and a nunber of pammnenf rmagneti med awidpehatingg Meshag@smt foanperfmingf t he
second coil, and I . i (,Q0:.:C 0l : d
coi |l being connegtogﬁ'gieoﬁggatgé ﬁgg&%q}gb&ufhgg@%i&%&t'ﬁglrﬂleeaﬁgfcogg‘g%hr%?l gto
anyone of cl ai ns kéep dhel vaninen eialveairsitiet clsédpoeiicn,t amdy ferhperforming

el ectromagnetic %SQML&io%Qra%BE lOf itﬁe vacuum valve by exciting the first coil in a
direction opposite to the opening operation, characterized in that a
second coil, which is excited simultaneously with an electromagnetic
repulsion coil for performing opening operation of the vacuum valve by
the action of electromagnetic repuision, is disposed in the
electromagnet, wherein;
the first and second coils are disposed on a single bobbin; a number of
turns of the first coil is larger than that of the second coil; and
the electromagnetic repulsion coil and the second coil are connected in

series.

3. A circuit breaker comprising a vacuum valve and an operating
mechanism, characterized in that the circuit breaker comprises an
electromagnet comprising a first coil, a second coil, a movable iron

core and a permanent magnet, and the operating mechanism performs



37 constituted by a thyrister and as a switch for exciting the first
coil, a FET or I GBT is used. 6. The gd4rcuit breaker according to
anyone of clains 1 to 4, wherein a surge suppressor conprising a zinc
oxi de barrister or a diode and a resistor is connected to the first
coil in parallel. 7. A nethod of closing and opening a circuit
breaker, wherein a first coil and second coil are di sposed on a

si ngl e bobbi n, ackeirsepewtion gf the vepuyrhgalve by exigng thedissigil tathgesbyt han

that of the seco aid reik & HaUBEvi)sMenl SndPBSHRSH osed
by exciting the F??th c%aic}ypﬁla\ﬁdc!l%v\heerﬁei n thepﬂsseicg’ndn cgil ar?ggﬁaégmg

el ectronagnet i c pepalien 6h theovaculmsyrhee 8y iewciting é1cetst seifn2dirediotect ed
in series wth tRg,fdiEss trféodlési@'gp%e‘?%‘t gt iﬁ/ﬁﬁgir{)ﬁ’\btﬁ?ﬁ‘éﬁ&’%%n@ﬁoils are

el ectromagnetic repul sion force at openi ng operati on.
A met hod of openieynéded zIsingicngokpini a cwmbepcéiwes of e drst ceinbeinges;

di sposing a fir Siargﬁkhgﬁ”&%t%?wgeébﬁh'coﬁréwodih%p&é&%nﬁénlétiéiéﬁglsﬁm

bobbi n, wherein a turns of the first col arger than

that of the secosdil @l the sereyl enlf being cpapecinad fejeriesby exciting the
first coil of an electromagnet for driving an operating shaft of the
vacuum val ve in an opening direction by el ectromagnetic repul sion;
openi ng the vacudm valverayi} bsgpkgr coraptising afvapesn yhlve padFsy pREfaINY

magnet of the el ecl FONBANGE dliling oAl §RFHNENSHIRPASthE §abSurk Nave!iRnNg
direction by exciting the first coil, characterized in that the
second coi |l di spepeng ndiremios| &yt riogrageitan, dfogaciemagnetis trreulsiph.st

coil, and an el e%ﬁén%gif%ﬂ% ICtHaE R B &%Eierft%o@np?isgylat ﬁ@f%ﬁﬁbb{d a

excited at the tine openi ng operation by e action of
el ectromagneti c sepdstcdnwhighh@resarsatioed onfie sage iakis ng Moable iron core

el ectromagneti c ReRWREOR|RGithe Lehtdrihiest 1 irsPAH Socoll b&IR, i iron
exciting the first coil is turned off.
cores disposed on upper
faces, lower faces and circumferential faces of the first and second
coils, an electromagnet having a permanent magnet disposed on the
fixed iron core, which is disposed on the upper face, wherein;
the movable iron core is constituted by a circular disc having a face
opposed to the fixed iron core on the upper face by way of the
permanent magnet, and a plunger having a cylindrical face opposed to
inner faces of the first and second coils;
the operating mechanism performs an opening operation of the
vacuum valve by exciting the first coil in a direction opposite to the
closing operation, keeps the vacuum valve in a closed state by an
attractive force of the permanent magnet and performs a closing
operation of the vacuum valve by exciting the first coil,
the first and second coils are wound on a single bobbin; and a number
of turns of the first coil being larger than that of the second coil, and the
electromagnetic repulsion coil and the second coil being connected in

series.

5. The circuit breaker according to anyone of claims 1 to 4,

wherein a switch for exciting the electromagnetic repulsion coil is
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constituted by a thyrister and as a switch for exciting the first coil, a
FET or IGBT is used.

6. The circuit breaker according to anyone of claims 1 to 4,
wherein a surge suppressor comprising a zinc oxide barrister or a

diode and a resistor is connected to the first coil in parallel.

7. A method of closing and opening a circuit breaker, wherein a
first coil and second coil are disposed on a single bobbin, a number of
turns of the first coil being larger than that of the second coil, wherein a
vacuum valve is opened and closed by exciting the first coil, and
wherein the second coil and an electromagnetic repulsion coil
disposed in an electromagnet connected in series with the first coil are
excited simultaneously by electromagnetic repulsion force at the time

of opening operation.

8. A method of opening and closing a circuit breaker, Which
comprises;

disposing a first coil and second ceil are disposed on a single bobbin,
wherein a number of turns of the first coil is larger than that of the
second coil;

closing the vacuum valve by exciting the first coil of an electromagnet
for driving an operating shaft of the vacuum valve in an opening
direction by electromagnetic repuision;

opening the vacuum valve by an atiractive force of the permanent
magnet of the electromagnet in a direction opposite to the closing
direction by exciting the first coil, characterized in that the second coil
disposed in the electromagnet, together with the first coil, and an
electromagnetic repulsion coil are simultaneously excited at the time of
opening operation by the action of electromagnetic repulsion, and a
switch for exciting the electromagnetic repulsion coil is turned on, and

a switch for exciting the first coil is turned off.



