1 TITLE OF THE | NVENTI ON Cl RCU T BREAKER AND OPENI NG, AND CLOSI NG METHOD
THEREOF FIELD OF THE I NVENTION 5 The present invention relates to a circuit
breaker and nore particularly to a circuit breaker provided with an opening
means whi ch quickly drives an operatihg shaft of a vacuumvalve toward an
opening direction by el ectromagnetic repul sion, and an opening and cl osi ng
nmet hod thereof. 10 BACKGROUND OF THE. | NVENTI ON An openi ng neans which

qui ckly ﬂ'L‘@ﬁﬁ@}ﬁ)qﬂﬁm&haft of a vacuum val ve toward an opening

direction by electronmagnetic repul sion conprises an el ectromagnetic

repul si ' | t ' It where the
va(F:)uum l@gij g%ég WWMtﬁh&M%%mﬁ c repul sion
coil of the opening nmeans by capacitor discharge or the |ike and using an
el ectromagnetic repul sive force such as eddy current which occurs in the
coil current and copper plate. 20 Circuit breakers with an el ectromagnetic
repul si FLELEE QR WHEBN INVENTXE®Si fied into direct-current circuit breakers

and hi gh-speed circuit breakers. In the forner type, charge in a previously

charged capacifhe presefitetheéntiiof felatésoro d edecwdt! brebkedi angtion of
line current to make a zero current 25 point forcedly to interrupt the

current .pdfe BAre§eLYER19' tSAYlrchit breaker provided with an opening

means which quickly drives an operating shaft of a vacuum valve
toward an opening direction by electromagnetic repulsion, and
an opening and closing method thereof.

lo |
BACKGROUND OF THE INVENTION

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

15 ring copper plate located opposite to it where ‘the vacuum valve
is opened-by'quickly exciting the electromagnetic repulsion
coll of the opening means by capacltor discharge or the like
andusinganelectromagneticrepulsive force suchas eddycurrent
which occurs in the coil current and copper plafe.

20 | Circuit breakers with an electromagnetic repulsion
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 thecurrent. Ifanaccldental short



circuit occurs in the DC line, an overcurrent as determ ned by resistance
and inductance as circuit constants, like fast-rising short-circuit
current, flows, necessitating the bregaker to operate quickly. 5 On the

ot her 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 equipnent in a power failure, prevent

bot h t hecpey@it Sop@lys [y HHDC NdMedoiangd offewduttrento agndererindned or assure
‘continuous 10 operation of an critical |load by quickly switching froma

def eCti Vigy PYWRA sTHRCEM At 2 10ALERANBRE ad NeirbuRe Uorl¥Gdidd, 2hga uses an

el ectronmegneti c repul sion nechani sm because response nust be nade within

several mllisec S er i bt i_.ng known
exanpl e %Séhiﬁsgﬁgrsﬁ?%ﬁeﬁiﬂaﬁ °&%ﬂ“%m%§§’%rc n%%% Ir'{glaci): %ﬁ rc?gleng
mechanismis the one disclosed in JP-A No.2000-299041 which includes a
vacuum VeFeaken te Rpe¥atey avdIrbYii sm provi ded in the opening and cl osi ng of
t he vacuum valve, and an el ectromagnetic repul sion driving nechani sm 20
provisded m dwen theithesthand i adigicspeed breakeiruks heedilnca pgdvate nechani sm
for reducing rebound of the novable el ectrode shaft in the course of

current Hower ryenéLat LW B temwlor thd NUKY iadvd Hawevaucedenabeder
conventional circuit breakers are 25 conpelled to provide a |arge

el ect r onpgpebivented b4l 18hREg8 from the private power generation

equipment in a power failure, prevent both the power supply
systems from going down due to an overload, or assure continuous

10 operation of an critical load by quickly switching from a
defective power system to a normal one. This type of breaker
also uses an electromagnetic repulsion mechanism because
response must be made within several milliseconds after receipt
of an opening command.

15 ‘One known example of sucha breake;: withanelectromagnetic
repulsion driving mechanism is the one disclosed in JP-A
No.2000-299041 which includes a wvacuum valve, an operating
mechanism provided in the opening and glosing of the vacuum
valve, and an electromagnetic repulsion driving mechanism

20 providedmidway in the operating mechanism and further 1ﬁcludes
a mechanism for reducing rebound of the movable electrode shaft
in the course of current interruption.

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

25 compelled to provide a large electromagnetic repulsion driving



mechani sm and a | arger power supply capacity because they not only have to
obtain a prescribed opening speed but also require an electronmagnetic

repul sive force exceeding the attractjve force of a permanent magnet for
hol ding the closed state. 5 Besides, Since the el ectromagnetic repul sion
driving nechanism and the nechani smfor reducing rebound of the novable

el ectrode shaft during action of the electromagnetic repul sion driving
mechani siacH«m e aindal | Yarlyep power BuppliyeSapat 1€ bddansethes nytl ve and
its operating nmechanism the el ectromagnetic 10 repul sion driving nechani sm

and the JpGPRAGENd 8bthedus b&ascﬁbauwbeﬁiﬁe%pr&mg AlRrregderehaf t nust

be both noved when the vacuumvalve is opened or closed. Therefore, if the

vacuun1va|v eratin ch h i ven type,
(o comph S AR T TR, Bk ke BALRE B bE RRGELP T a0
a large capacity, which neans that the vacuum val ve operatlng mechani sm
shoul d HEoTGE gof edoRgRmapanimagngt fofe hlding e CHPedt FR8temechani sm
m ght be | ess maneuverabl e. The present invention has been nade in view of

t he abovBesiiiksi sincettiecebectconagndt ke rephdsdon dsivingmechdeiamcircuit
breaker which enabl es an el ectromagnetic repul sion driving nechanismto

easi |y cait ehelmcHamisnf Forataiwithg edbeandreidenagovaibl® apeakredel ect rode
shaft in the course of current interruption in a sinple manner and provi des

high 25 jRiei g hbYioA"dt ¥hdRAUAIG AMYrddT Mpiakiod REVERE:

mechanism are vertically disposed in series between the vacuum
valve and its operating mechanism, the electromagnetic
- 10 repdlsion‘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, 1f the vacuum valve operating mechenism is
of the electromagnetically driven type, its components such
15 as the permanent magnet and exciting coil must have a large
capacity,whichmeansthatthevacuumvalveoperatingmechanism
should be large enough. Inaddition, thevacuumvalve operating
mechanism'might be less maneuverable.
The present invention has been made in view of the above
20 circumstances and an object thereof is to provide a circuit
Breaker which enables an electromagnetic repulsion driving
mechahism to easily cancel the closed state and reduces rebound
of a movable electrode shaft in the course of current
interruption in a simple manner and provides high

25 maneuverability, and an opening and closing method thereof.



In order to achieve the above object, a circuit breaker according to the
present invention is characterized by conprising a first coil in an

el ectromagnet whi ch opens and cl oses a vacuum val ve, a second coil provided
in the 5 el ectromagnet together with fhe first coil, and an el ectromagnetic
repul sion coil connected in series with the second coil, wherein the second
coil and the electromagnetic repulsion coil are excited sinultaneously in

qui ck openi ng TnOBLAAY! €8 dthithAL the"8B6¢b1 b jétt) & efircaitChpéakéer i zed by
10 conprising a vacuum val ve, an el ectromagnet including a coil for driving

an oper aliNg-AY t +8f e \b%lmgaiﬁeeﬁem@ﬁd dtaé; cBRACRErdZeaCthpn by

el ectromagneti ¢ T epul sron, "a novable core an per manent nagnet, and an

' hani ' ' h i I h | ve, hold
(P vacRRRFIPE A, S ets o 1o 5oty 1EPEoPARbetoRnl i SRPRENE rmgnet

and excites the coil in a direction reverse to an excitation direction in
cl osi ng ClNFESat BonvagueBevalie vaduuieoande cohkr @novideget A8r Wtheh the
coil, a second coil which is excited sinmultaneously with an electromagnetic

r epulssi arlexdtironiagmes ectogetipret i witkpukheon £fA@sitn euaidk, opswd ngamper ati on
by el ectromagnetic repulsion is provided in the electromagnet. According to

the presgidctriffigretiic TepulEion FoaakeonneReedndnagdreeaswiehmeReod is
characterized in that a vacuum valve is opened or closed by excitation of a

Iihgsg CQdoof'8011 , 2whEE8Il £R' sOiSA Wesh1 Andcfibo5I LOPRGRELnELES hEr W th

repﬁlsion coll are excited simultaneously in quick opening

operation.by electromagnetic repulsion, or characterized by

10 comprising a vacuum valve, an electromagnet including a coil

for driving an operating shaft of the vacuum valve toward an

opening direction by electromagnetic repulsion, a movable core

and a permanent magnet, and an operating mechanismwhich excites

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

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

coil inadirectionreverse toanexcitationdirectioninclosing

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

colil, a second coil which is excited simultaneously with an

electromagnetic repulsion coil for electromagnetic repulsion

20 in quick opening operatlon by electromagnetic repulsion is
provided in the electromagnet.

| According to the present invention, a circuit breaker

opening and closing method is characterized in that a vacuum

valve 1s opened or closed by ekcitation of a first coil, and

25 a second coil provided in an electromagnet together with the



first coil and an el ectromagnetic repul sion coil connected serially are
simul taneously excited in quick opening operation by electronmagnetic
repul sion, or a circuit breaker opening and closing nethod in which a coi
of an el ectromagnet for driving 5 an ®perating shaft of a vacuum val ve
toward an opening direction by electromagnetic repulsion is excited to

cl ose the vacuum valve, the vacuumvalve is held closed by an attractive

force —ofyAgPesdpiemia BYNEl et réfgRbL£EL T PIBANEI oRNEo L NecBRhbCEEaEXCI t ed

in a direction reverse to an excitaiion direction in closing to operation to

open the_yv Lve, | r i i e ' I ded in

t he el ec??ﬁm& Oﬂ%ﬁ%?ﬁéﬁ]gﬁgg&eﬁ farpngﬁéﬁﬂe eeéﬁr}gqrégﬁg??%&r{epul si on
coil for electromagnetic repul sion are simultaneous]y excited in_quick
openi ng Bp&lectsemagpeticcrepndiien: 05 d fdrgwt brgaker ARAMNG 8Rdhe present
I nvention, an el ectromagnet coil is excited in a direction reverse to an
exci t at i ohosingoethod in Wwiish agcopbodt anre beatdonagnek IFoodrhvipgni ng
operation by an electromagnetic repul sion driving nmechanism so that the

attracti a‘&oi)@_ﬁ:ﬁtiﬁ? sha¥af 68 REVAcHEH Al vieotdwwdfd hhcordiaafdireteid decreases
and cancell ation of the closed state becones easy and rebound of a novable

el ect rog%%@éét%&%ﬁ&’yrfé‘pﬁsﬁﬁ ri%mexdi'i:re%f E@Eﬁ%%ecﬁﬁebéaﬁﬁﬂhlced in a

si npl e ner an maneuverabl e circult breaker and an openi ng and

¢l osing gaei\pé) ,d tl%eh\erraggilmcégleg :I(.)sb th%'lr&eglo%gd(sby an attractive force

afapermanentmagnetoftheelectrqmagnetandthecoilisexcited
in a directlon reverse to an excitation direction in closing

10 operation to open the vacuum valve is characterized in that
a second coil provided 1n the electromagnet together with the
coll and an electromagnetic repulsion coll for electromagnetic
repulsionare simultaneouslyexcited in quick openingoperation
by electromagnetic repulsion.

15 According to the present inventlon, an electromagnet coil
is excited in a direction reverse to an excltation direction
in closing operation simultaneously wlth opening operation by
an electromagnetic repulsion driving mechanism, so that the
attractive force of a permanent magnet to hold the closed state

20 decre&ses and cancellation 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 circuit breaker and an opening and closing method
thereof can be obtained.

25



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a left side view of a
comutation type DC circuit breaker according to an enbodi nent of the
present invention. Fig. 2 is a back view of the conmutation type DC circuit
5 breaker shown in Fig. 1 according t& the invention. Fig. 3 is a right side
view of the commutation type DC circuit breaker shown in Fig. 1 according
to the invention. Fig. 4is a front view of the comutation type DC circuit

br eaker PP bﬁgﬁﬂptﬁioﬁ%ﬁrﬂ&ﬁ'gnﬁﬂwiﬁ@si nvention. 10 Fig. 5 is a system

circuit diagramfor the commutation type DC circuit breaker shown in Fig. 1
according to t Lnventiqn. FLg. 6 is_a tinme chart show eration in
case of an ac%f%‘e:'ltiﬁ Bﬁ'etﬂesg‘égrﬂeﬁ?%ﬁ ??fb‘a“&?%???me @Q&gg‘g}&%hom I n
15 Fig. 1 according to the invention. Fig. 7 is atinme chart show ng nornal
oper at | obreaker mecoishing 110 on eppedbrent ef the prgsentsdgygntiop.q. 1
according to the invention. Fig. 8 is a diagramillustrating a coil

excitation netiig. 20sia balcksvhgwope rttel commatathencbypet cdrcugpte DC
circuit breaker shown in Fig. 1 according to the invention. Fig. 9 is a

di agr@m préaRés abhoNn 216 OFlg XTI AekdbPdingt f90thé N1RPEAtIGnOperation for the
comut ation type DC circuit breaker shown in Fig. 1 according to the
invention. 2540 3144 3 21h2962Eb! V14w I SAHY bnfitatdti PpePBemet hod 7
circuit breaker shown in Fig. 1 according to the invention.
Fig. 4 1s a front view of the commutation type DC circuit
breaker shown in Fig. 1 according to the invention.
10 Fig. 5 1s a system circuit diagram for the commutation
type DC circult breaker shown in Fig. 1 according to the
invention.
" Plg. 6 1s a time chart showling operation in case of an
accident for the commutation type DC circuit breaker shown in
15 Fig. 1 according to the invention.
Fig. 7 is a trime chart showling normal operation for the
commutation type DC circult breaker shown in Fig. 1 according
to the invention.
Fig. 8 is a diagram illustrating a coil excitation method
20 inclosingoperation for the commutation type DCcircult breaker
shown in Fig. 1 according to the invention.
'Fig. 9 is a diagram illustrating a coil excitation method
inopening operation for the commutation type DC circuit breaker

shown in Fig. 1 according to the invention.

25 Fig. 10 is a dlagram illustrating a coil excitation method



in quick interruption for the commutation 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 is a back viéw of the three-phase hi gh speed
circuit - breaker shown in Fig. 11 according to the invention. Fig. 13 is a
front view of the three-phase high speed circuit breaker shown in Fig. 11

accor di ' ' | | ' ' i ew of a
i t chgodh EAERREREEHEI8n £kttt fomhthE 18 eypl it SEroREL befaked| T ©1 B
Fig. 1 accordi t i nventjon. TAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI Nli’%ﬁ%hg‘?o%f%t:]fd?cﬁlb‘ﬂ’bqn Dgﬂt? rﬁh‘f?%%’r%lbker whi ch enables 15, an
el ectromagneti c repul sion driving nechanismto easily cancel the closed
state and redls. ddbdana wkght pectienal ovitew k@ threenphasar se of
current interruption in a sinple manner and provides high maneuverability
as wel | mbghrspaeahicigcaid breakemrgasea drduidr dafeakernakicerddngnta si npl e
manner. 20 Next, enbodinments of a circuit breaker according to the present

I nvent i ophaM {hvéerfescribed. Figs. 1 to 7 and Fig. 14 show an enbodi nent of
a commutation type DC circuit breaker as a circuit breaker according to the

Do or AL 1l i b Pk pBbdE 1aSpt sk b Of o
breaker shown in Fig. 11 according to the invention.
Fig. 13 is a front view of the three-phase high speed
clrcult breaker shown in Fig. 11l according to the invention.
10 Fig. 14 is a 1éft side sectional view of a switchgear
incorporating the commutation type DC clircuit breaker shown
in Fig. 1 aécording 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 in 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 invention will be described.
Figs. 1to7and Fig. 14 show an embodiment of a commutation
type DC circuit breaker as a clrcuit breaker according to the

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

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



as a circuit breaker according to the invention, Fig. 2 is a back view of
an enbodi nent of the comutation type DC circuit breaker shown in Fig. 1 as
a circuit breaker according to the present invention, Fig. 3 is a right
side sectional view of 5 an enbodi nen8 of the commutation type DC circuit
breaker shown in Fig. 1 as a circuit breaker according to the present

i nvention, Fig. 4is a front view of an enbodi nent of the commutation type
DC circuit breaker, .shown.in Fig, as ci,ccuit breaker accordiing. to the
resent gLt pocaser abdordiB, fo rtig Ui, 4 808 0a ! nent o
the comutation type DC circuit breaker shown in Fig. 1 _ as a circuit

br eaker Baelpvdiawofoar pmbgdiment of,tbacopmutation type, DG gATEHAEL showi ng

operation in case of an accident in an enbodi ment of the conmutation type
DC ci r curxeakeraimwrs howRign Fiag alchzcultibreakebrasxcarding dodthg to the 15
present invention, and Fig. 7 is a tinme chart showi ng normal operation in

an enbodyr@sén©fidvenEdiUiRELg OB tivwa Pighit' gdde sbetdvnalskhaew of Fig. 1 as
a circuit breaker according to the present invention. Fig. 14 is a left

si de ;secl) QidoatiMel0bs thid I:-siBﬂﬁeat%hcﬂg;@ﬁ& Pr&abe 'fa%ﬂéexogﬁawﬁommt ation

type DC circurt breaker as a circult "breaker according to the present
oper at i ol FOB- L5 SAIGAIE R ARE RERMEIELED 6f KAFRreRont LB hPBaker as a
25 circuit breaKer according to the present invention will be 9
_1-"19. 4 is a front view of an embodiment of the commutation type
bC circuilt breaker shown in Fig. 1 as aclrcult breaker according
to the present invention, Fig. 5 is a system circuit diagram
10 of an embodiment of the commutation type DC circuit breaker
shown in Fig. 1 as a circuit breaker according to_the present
invention, Fig. 6 is a time chart showing operation in case
ofanaccident1nanembodimentofthecommutafiontypeDCcircuit
breaker shown in Fig. 1 as a circuit breaker according to the
15 present invention, and Fig. 7 is a time chart showing normal
operation in an embodiment of the commutation type DC ci:cuit
breaker shown in Fig. 1 as a circuit breaker according to the
present invention. Fig.'14 1s a left side sectional view of
swiltchgear which uses an embodiment of a commutation type DC
20 circuit breaker as a circuit breaker aécording to the present
invention.
[First Embodiment]
| First, the method of use and the method of operation for

an embodiment of a commutation type DC circuit breaker as a

25 clrcuit breaker according to the present invention will be



described referring to Figs. 5to 7. In Fig. 5 reference nuneral 1
represents a DC power supply which supplies 1500 V through its positive
pole in an ordinary DC feeding circuit. 2 represents a |oad such as a
train. 3 5 represents a feeding |ine ®hich supplies electricity to the | oad
and 4 represents a flyback |ine which connects the load 2 and the DC power
supply 1. The commutation type DC circuit breaker 5 as a circuit breaker

accordi to .the present inventjon is_.inserted mdway in the feeding line 3
and swi %’F@s“jéﬂegctrﬁ%rf&“ﬁo\)@r 951 i%ed% r%g'mthe DC power supply 1 to the

| oad 2. The commutation type DC circuit breaker 5 is conprised _of four

swi t ches, a fApHigmd nreferepcenuneral ) FeDHesendss a Pg Power suppl¥t sub
switch 53 and a second sub switch 54, and a control unit 900. The

comut atwhdich spppDesi 1500 V bhraugh g posdtdvenpelednvanhordinasy capacitor
55, a second capacitor 56 and a reactor 57. The first main switch 51 and

the secord FERidingSvlireli®? aserdpEsddees At wdd eucte@disna kirRgn3 s®rially and
are | ocated near the DC power supply 1 and near the load 2 respectively.

e 3 Sy (LFRMRRER Thok b bhhBbTi O SIRSERL SRy g Lo

55 and re I's~conne para and t he
series circuit conposed of the second _sub swi.tch 54 and second capacitor 56
i s connd@ady anfdn4 5eRFeEeNLF 14 HhePaq étint%ﬁ'&cg'opoggfwgscg’f‘?eﬂ?a ransf or mer
58 in the feeding line 3 detects 25 the current of the feeding line 3 and
sends t ZandrthatDG giaverisupply 1. The commutation type DC circuit
breaker 5 as acircuit breaker according to the present invention
is 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 circulit breaker 5 is comprised
of four switches, a first maiﬁ switch 51, a second maln switch
- 52, a first sub switch 53 and a second sub switch 54, and a
contrel unit 900. The commutation type DC circuit breaker 5
1s 1s connected with a first capacitor 55, a secoﬂd 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 sﬁb
20 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 capacitor 56 is connected
in parallel with .the first capacitor 55.

A current transformer 58 1n the feeding line 3 detects

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



to an overcurrent tripping device 59. The overcurrent tripping device 59
has a preset value for automatic interruption and outputs an opening
command 11 when the current flowng through the feeding line 3 reaches the
preset value. Upon receipt of 5 an ex@®rnal command 10 or an openi ng comand
11 fromthe overcurrent tripping device 59, the control unit 900 gives an
openi ng/ cl osi ng command to the comutation type DC circuit breaker 5. The

first sup switch 53 i rates i nj Ypct i ' irst main
owi toh 50 B aekottndit FRABBERE RN 67 W o ffrctPrdht Rrabanal L T e
lag tI (for exanple, 2 ns and then opens. On .the other hand, the second
sub swi {BAVEES SHMAN GRS AL AR AU tOMARIS IFETTEBEAO AR svi t ch
52, opens tinme t2 (for exanple, 2.5 nms) before opening of the second 15
mai n swi ¢ehpeks dfpepepingt¢ammand licwhendhe cunrent rfkowkig thxongh 51 and
second main switch 52 are closed to supply 1500 V DCto the load 2. At this

time, thehéifeddm 19wel Bhréd@chés ayity) prieGet! Ralfacorupon revdiiptho¥4 i s
cl osed. The first capacitor 55 20 and second capacitor 56 are charged to

+2000; V gyt Bxﬁ:%ﬁ:ﬁaggu mlahd "o %pﬁﬁg'bpgg&ﬂ% c["omrﬁnd he1 | $20m2 tha out of

order or an eart t occurs Int T'ine 3, a very large _
s b Pdebath nE e MHARSRE" e SR b £ORE0 A OIS, Tt
1 opening/closing command to the commutation type DC circuit
breaker 5.
The first sub switch 53, which operates 1n conjunction
10 with the first main switch 51, once closés after opening of
the first maln 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 main 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 1s 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 circuit constants, flows in the feeding line

25 3. For example, if the circuit resistance is 15 mO and the



circuit

i nductance i s i'5_0”P'H, t he maxi mum c'tjrreﬂrit”ét't' ai' 'n'éd' [ sm 100

the maximumrush ratio is | GkA/ns. If such a fault current occurs,
fault current nust be interrupted quickly in order to mnimze its
i nfl uence on the equi pment. First, 5 xithe current transfornmer 58 det
fault current value and sends it to the overcurrent tripping devic
t he overcurrent tripping device 59 is preset, for exanple, to 1200
automatic, int i on, ul.t curr reaches it sends an
openi ng ELRFR jfgi‘lci‘f% 3(%5‘?@ “}E'nltﬁ"el@% “’“A%‘&’B’F%%gﬂ]"izto‘ e?ow’rﬁand from

the control . unlt 900, the first main switch 51 opens. the first
switch 5108dehand the maxipum gushrathosts dMASMSy t At s%hwaéapllt
Consequently, an LC resonance circuit, which consists of the first
capaci t ocurbént ssxminms c dhacfawl t Eﬁ;rreeacmustSBe intextruplied gquickAy51, first
15 sub switch 53 and second sub switch 54, is established and the

capaci t ofn Sordé¥ el nFeAE0inEfuBhesi on'Sthe @\Eiiﬁﬁbn@.y #ie8aN 0

di scharge el ectricity and a commutation current

to t

ose direction |s

notths %anﬁbrgééﬁé*@%%ciéoe*%g 9‘?%#’%@5—2@??% hfvdRigghH,

Assu
capamtance of the second capacitor 56 is 1200 B t he maxi nu ev
conmut at $8RA8 ydite kO \ERGe GVEISHEL N THL piice; 5% F, theg

53 is closed before the fault current reaches 40 kA, the fault cur
of f set bgveneurvemt ttarippingcdeviice 9. inpreset:. fer vxamples tQAREA0 passing
through the first 12

10

15

20

25

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 tl. Conseqqently,
an LC resonance circuit, which consists of the first capacitor
55, second capacitor 56, reactor 57, first main switch 51, first
sub switch 53 and second sub switch 54, 1s established and the
first capacitor 55 _é.nd second capacitor 56 previously charged
by a charger 50 discharge electricity and a commutation current
whose direction 1s reverse to the fault current direction is
injected into the first main 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
if 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

kA and

t he

ects the
e 59. If
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main swtch 51 becones zero, the main swtch 51 finishes interruption

After the first main swtch 51 opens, the second nmain switch 52 opens with
time lag t3; if time t3 is set so as to satisfy the relation of t3>tl+t2,
the second sub switch 5 54 does not dg@en before the first sub switch 53
closes and thus the first capacitor 55 and second capacitor 56 di scharge
electricity sinultaneously, naking it possible to deal with a large current

as nmentioned abopve en when the firsg, main, sw.tgh.5 as,.finished
MotorrugbTh, SeRtrh BYChatines ferdn: EROLBAo IR s2h - ShrLEhEES ang
second sub switch 54 are both closed and thus the first capacitor 55 and
second cHpERTEURtEM or AfterFhe fimptimalpevwddcb SL5appng - thergpcordar ge
current is interrupted when the charge voltage rises and the circuit

curr ent méiac cswekst gl ris topegrss wilithbdlime tllag t3cuddh tdimee t8hdppeey sarrent. 15
On the other hand, interruption by the comutation type DC circuit breaker

5 in nora@ltPBaLABIEYNthE O FAf OFdE N th P22l tddbitld eabBRdtdh. Upon
recei pt of an opening conmand as an external conmmand 10, the first nain

SWHEGh S5 ?8;%35&89 Sedgﬁé\%o?g#l‘é% ﬂ%s@&ﬁp%%tﬁ@?%‘f&{%s Zdnd Bhgst! e,

since the secon opens ore e second nmmin

switch 2 opens, an LC.reso ce circuit,. which consists.of the first
capaci t ESSELTaL  FaPaGHtoR: X3 AR nSSHOPE, SEPARATOR (54 GhECheRRPCh 53, is
est abl i shed when the first sub switch 53 closes. Qut of the Rrevi ously
char ged ¢lecirightyisimuimnamnsiatomaking ddppessdbles toodpalt Wethr st
capacitor 55 discharges electricity 13

a large current as mentioned above. Even when the first main

switch 51 has finished interruption, there is a period in which

10 the first sub switch 53 and second sub switch 54 are both closed
and thus the first capacitor 55 and second capaclitor 56 are
charged by the DC power supply 1. This charge current is
interruptedwhen the chargevoltagerisesandthecircuit current
becomes almost zero or below the vacuum valve chopping current.

15 _ On the other hand, interruption by the commutation type
DC circult breaker 5 in normal operation is done according to.

an external command 10. Upon. recelpt 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 mailn switch
52 opens, an LC resonance circuit, which consists of the first
capaclitor 55, reactor 57, first main switch 51 and first sub
switch 53, is established when the first sub switch 53 closes.

Out of the previouslycharged first capacitor 55 and second

25 capacitor56, onlythefirst capacitor 55dischargeselectricity



and a commutation current whose direction is reverse to the |oad current
directionis injected into the first main swwtch 51. Here, the nmaxi num
value of the load current is below the value preset on the overcurrent
tripping device 59, 12000 A. 5 If thasmaxi mum conmutation current is 14 kA
when only the first capacitor 55 discharges electricity, the maxi num | oad
current of 12000 A is offset and when the current of the first main swtch

51 becones, zero, the first main swi_l After the

tch finpishe i nterrupiion.
br eaker ks COTALALASN CHEERREAPPORS: A1E9CHLPR LAt EYEEFANED | Hhe {0
di sconnect the load 2 and the first capacitor 5.5, and theload 2 and the

second d@fsticusrent diregiiorniks dniecied inteHh« fdaatdmainggeliteht he

capacitor charge voltage in the load circuit. Next, an enbodi nent of the
above c@inut Heren tleandXimid valusuof bheadksad TuwrremtciiscbelowrEadker
according to the present invention will be described referring to Figs. 1

10 4 andefib pribet! Badens ek aBLeR! ¢IQEIGIETWLIR SHYPE2BBOCAT CU

breaker 5 as™a circuit breaker according to the present invention, the 20

four .sw ' I | at , the Vv, [ o t wo
el ecPro gggl%s"?%’gjdﬂgﬁ C g%lglct% n@\ﬁyﬁfg&%‘%ﬁEﬁgg.&iﬁ%ggﬁﬁydﬁzcate t hat
the circuit is in_ogperation (the first .maipn swtch 51 _and second switch 52

are cl oaPaciliqr phaigcharass elpotrdcd by, He maxtaym 1eadcurreRt, val ves

i ncorporating 25 a pair of contacts but may be air switches or the like. 14
of 12000 A is offset and when the current of the first main

“switch 51 becomes zero, the first main switch 51 finishes
interruption. After the breaker opens, the second main switch
10 52 performs the function to disconnect the load 2 and the first
capacltor 55, and the lcad 2 and the second capacitor 56 to
prevent an electric shock accident due to the capacitor charge

voltage in the load circuit.
Next, an embodiment of the above commutation type DC
15 circuit breaker 5 as a circuit breaker according to the present
invehtion will be described referring to Figs. 1 to 4 and Fig.

14.

Inanembodiment of the commutation type DCcircuit breaker
5 as a circult breaker according to the present invention, the
20 :Eour. swiltches are automatically activated at the above timingsr
by two electromagnets and a mechanical link structure. Figs.
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.



First, electrical connection in an enbodi nent of the commutation type DC
circuit breaker 5 as a circuit breaker according to the present invention
will be described. A fixed feeder 100 of the first main switch 51 and a
fixed 5 feeder 114 of the second nmila switch 52 are connected to a bus bar
1000 (Fig. 4) located outside the commutation type DC circuit breaker 5.
One end of the bus bar 1000 is connected mﬁth the reactor 57. The other and

of the reactor n with t st capacitpr 55 apd, second
capaci tor 56. ﬁ’&vatﬂ%@ iﬁ?(rjfd %‘%- 'heal?l&é ‘irﬁ]‘?‘f‘gv\ﬁ’fcﬁﬁgl is
electrically conductlve to a novabl e feeder 120 through a gomer col l ector

101. ThecommAtiaredgme DO ¢Erewhh xeaker 5 Meaneim%»t Eepkey 1. The

novabl e conductor 62 of the first main switch 51 and the novabl e conduct or
69 of thecdording o shhid qireshrer dnkferdoitat anklly eordesdribed ectrically
t hrough conductors 102, 103, a flexible conductor 104 and a conductor 105.

A feeder 106 Wﬂiﬂe&%erlwofﬁﬁthbxﬁ&@@nﬁihl apPteRBdUEhQ@ra £188a0f the
first sub switch 53. The feeder 107 is connected wth a flxed conduct or 109

of the at d 1

conngct e%cé)d%i;i%eggérg‘? s%@ggaggmg %@%%‘?eﬁrzdgi‘tgh%c’fé%gn%% atlon Pﬁpe DC
circuit _breaker abl e.condyctor, 110 of .t con ch 54 is
Conaect RATADR0 (FYasdubtace %eﬁtaﬁ&eet%?@aﬂﬂta@isnia@@gﬁ SxddhEeT o LT
conductor 112 and a feeder 113. A npvabl e conductor 25 200 of the second
mai n swibrgalgr 55 ePpetend 0f \theobugcbayeld@00 is connected with the

reactor 57. The other end of the reactor 57 1s connected with

the first capacitor 55 and second capacitor 56. A movable

10 conductor 62 of the first main switch 51 is electrically

conductive to a movable feeder 120 through a power collector

101. The movable feeder 120 is connected with the DC power

supply 1. The movable conductor 62 of the first main switch

51 and the movable conductor 69 of the first sub switch 53 are

15 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 f1xed conductor

108 of the first sub switch 53. The feeder 107 is connected

with a fixed conductor 109 of the second sub switch 54. On

20 the other hand, the feeder 106 is connected with the first

capacitor 55 outside the commutation type DC circult 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

25 200 of the second main switch 52 is electrically conductive



to a novabl e feeder 203 through a power collector 201. The novable feeder
203 is connected with the load 2. The system circuit showmn in Fig. 5is

i npl emented by the above el ectrical connections. 5 Next, the nechani cal
structure of an enbodi nent of the cdbutation type DC circuit breaker 5 as
a circuit breaker according to the present invention will be described
referring to Figs. 1 to 4. As shown in Fig. 1, the novable conductor 62 of

the fi 1 ' ' 51, | - t ] 64. d of
an- oper ot i TETRBLS Ke4deE 24 BROFATI P Hpel e Wb 200 BBS Ted on
a hinge 66. The novabl e conductor 69 of the first sub swtch 53 is

connect JROYRRLe (Fredpm 0% 4 s prongsted watBetneA9gd 2 pi Ahesgystamot her

wor ds, the novabl e conductor 15 62 of the first main switch 51 and the
novabl e chncatt whoah infFide 5f 1s simpldmentiad bysthemtiovenedegtobcalon with
each other. The operating rod 65A penetrates a pin 150 whose top and bottom
are fl at¢omedet fonngsher 153, a contact pressure spring 151 and a washer 154
are held between the pin 150 and a nut 152 20 fixed on the aperating rod

65. Al so the qaegatliviy h%@hﬁﬁi&‘i’i%ﬁ:%&%ui‘g gf%r&fﬁtﬁlﬁdé o"feE%Si on coi

170 whi ch constitut es an opening neans, an repul sion plate 1/1. An eddy
Surent L SudePELEh e WE oLERIS! BRoBkAL oA A BY cTHENE: bESpREs 0,
force 16ac:.cording to the present invention will be described referring
to Figs. 1 to 4.
As shown in Fig. 1, the movable conductor 62 of the first
10 main switch 51 is pin-connected with a member 64. One end of
an operating rod 65 1s fixed on the member 64 and _the other
end is fixed on a hinge 66. ‘The movable conductor 69 of the.
first sudb switch 53 1s 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 excitation of the electromagnetic

25 repulsion coil 170, and an electromagnet‘ic repulsive force



between the current of the electromagnetic repulsion coil 170 and the eddy
current of the repulsion plate 171 is received by the nenber 64 through the
repul sion plate 171 and the operating rod 65 noves upward in Fig. 1 by the
repul sive force. 5 As shown in Fig. 36 the novabl e conductor 200 of the
second main switch 52 is pin-connected with a nenber 202. One end of an
operating rod 204 is fixed on the nenber 202. The operating rod 204

penetrates_a pin. 206 with, fl ened aput nent rface t the,t and

ot o Be iR ns gurkent i he eLeBEPORERRe RS 1R e fim B0 £00r 014 are
hel d between the pin 206 and a nut 208 _fixed on the_operating rod 202. Wth
t he secc#ﬂﬂrﬁﬂQ1QAaﬁ(ﬂvrnEPtOS@hFhPhEGRB%§§8ﬁaPlﬁ§Pt121615tr9ﬁgiY%$ of the
operating rod 202 is engaged with the pin 206 by a contact pressure spring
212. On yhthememberddithrough tbenppeisisnn platd 17 handdhmmdpesating swit ch
52, the pin 206 and hexagonal part 216 are di sengaged at the nonment the

fixed cofd@ags e capwisad | 1 @Iy Al B2 Xhefrdpifl SBfOEbIEE N SW t ch 52
contact each other, and as the <contact pressure spring 212 is conpressed,

the I0ad of 't g, ooph Al A 05 Wit ABTAETe 2LAMIRAIESG B ANALbobRACE Of the

20 contacts in the secon I'n swt own 1 n Figs. a ,

operatin od 65 qf _first main,swtch.51 and.the erating rod 202 of
Che cccdtil® it dhidd s pinedinersnt pith & Fembsiagtl: 3018 s0d: ed besi de
the first main switch 51 and second main switch 52 in an operating 25 device
case 300°f gneperatingaod20¢ls flxad opthgmamtzy 203 . 1 The operating

-rod 204 penetrates a pin 206 with flattened abutment surfaces
at the top and bottom. A washer 210, a contact pressure spring
10 212 and a washer 214 are held between the pin 206 and a nut
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 is engaged with the pin 206 by a contact pressure spring
212. On the other hand, in closing operation of the second
15 malinswitch 52, 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 is compressed, the load of the
contact pressure spring 212 becomes 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 fhe
first main switch 51 and the operating rod 202 of the second
main switch 52 are driven by an electromagnet 301 located beside
the first main switch 51 and second main switch 52 in an operating

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



coupled with one |l ever 501 of a main shaft 500 through a nenber 303. The

ot her levers 503 and 499 of the main shaft 500 are coupled with an

i nsulating rod 502 extending toward the first min switch 51 and an

i nsul ating rod 504 extending toward t¥fe 5 second main shaft 52 respectively.
The insulating rod 502 is engagedwith the pin 150 through a sub shaft 510
and the insulating rod 504 is engaged with the pin 206 through a sub shaft

512. rds hn h&@E rc

t he el ec?g%ﬁa%%gléognga%@ t?F(?g@aiﬂlhe oper atbl ng r{l)éﬂ%tobé@bgfq t he f| rst
mai n svmtch 51 and peratipg.rod. 204 of e secon W tch 52

t hrough ? ﬂéﬁr 386 rFe?EP 0%95‘0% ttrlﬁ) “&%\#’(@ glq% BY&nd the sub
shafts 510, 512 and | evers 513, 514 provided on them. The first main

swi t ch 5aoupled iwitdeapntngalating (xad 592 gxtgnﬂéagotpw@r%stém fhyséxciting 15
a first coil 305a in the electromagnet 301 and noving a plunger 304

downwar dmain tswe tfakg Gileandhen fiinssil atiings wotlch0 b xtsemiing towardothenct i on
with the first main switch 51 as nenti oned above; however, in order to

achi ave 9DesRE i sHRBYS5 ASrddpetst I | PhB ﬂﬁsuﬁaﬁﬂﬁgﬁro@%@ ggupl i-ng
nmenber 530 and a | ever 531 are provided as shown in Fig. 1. The coupling

ot her . argoerseqntEf il faFREREEhE b bhaREReD Md Fhe MheBaBYdnds ) 0% e

sub shaft 510. On the other hand, the | ever 531 freelu% r ot at es around 25 a
shaft 53909504 g engagefgwith the pin 206 through as shaft

In other words, as shown in Figs. 1 and 3, the attractive force

of the electromagnet 301 is transmitted to the operating rod

10 65 of the first main switch 51 and the operating rod 204 of

the second main switch 52 through the maiﬁ shaft 500, levers

501, 503, 499 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 coil 305a in the electromagnet 301 and moving a plunger
304 downward in the figure.

The first sub switch 53 1s driven in conijunction with

the first main switch 51 as mentioned above; however, in order

to achieve 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

with 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.



When the first main switch 51 opens, the operating rod 65 noves upward in
Fig. 1 and the first sub swtch 53 once closes and at the sane tine the
| ever 531 rotates counterclockw se, which causes the |ever 531 to engage
with the pin 534 in the 5 hinge 66 an# noves back the nmovabl e conductor 69
of the first sub swtch 53 toward the opening direction (dowward). The
hole in the hinge 66 through which the pin 534 penetrates is mnade oval in

order to enable the no bI conduct 0 _nove ward th
i recti on” (oM Fpe S3ar% BELRotv EHaR T GRENA o F6r OPRESGIBRAEPRG  od 65,
Ref erence nuneral 70 represents a sp r|ng whi ch gives a contact force to the

first stbhmewesupward Ap Bk and the. fjg-'StaSBBlﬁmjttr@l RBRRGe SLoSaRd a | ever

541 are al so provided on the second sub switch 54. When the 15 second nain
swi t ch 5hdmEenthet bambetime Selie rlodwdre $3dr rotdtesecohntersdfckwbsiw se, whi ch
causes the lever 541 to engage with a pin 543 in a nenber 544 coupled with

the nmovagh fole BHlisdP thel 18velr 53¢ €6CONgage bvStMh e JA BB 4MRKeshBack the

novabl e conductor 110 toward the opening d| rection (downward). 20 Reference

nureral (i 5 SRR RofoSiAdil Ml B, NESAnGARLAE 6o 'S Ghel f1EDR second

sub Swit e coup ' ng ne are"variable 1n ngt h and
used to adj ust openi ng and _ closing timngs for the mal n s tche and sub
swi t chesS¥ '\';)é) q@‘@% ddve, ng; g recthion, (Ao \Mdpl nG 25 spring

which is prOV|ded in t he operating device case 300 so 19
hole in the hinge 66 through which the pin 534 penetrates is
made oval in order to enable the movablé conductor 69 to move
toward the opening direction (downward) regardless of the
10 position of the operating rod 65. Reference numeral 70
represents a spring which gives a contaét force to the first
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
15 second main switch 52 opens, the lever 541 rotates around the
shaft 542 clockwise, which causes the lever 541 to engage with
a pin 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).
20 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 main swifches and sub switches.

In Fig. 4, reference numeral 555 represents a tripping

25 spring which is provided in the operating device case 300 so



as to work in conjunction with the main shaft 500; reference nuneral 590
represents a capacitor which supplies exciting energy to the first coi
305a; and reference nuneral 591 represents a control circuit for the

el ectromagnet 301. The 5 area indicatl@d by chai n doubl e-dashed |i ne
represents the control unit 900 for supplying exciting energy to the

el ectromagnetic repul sion coil 170, which is conprised of a capacitor 902

and a control board 903. . Nex t he, strycture of  t ct 301 will
b 10 BB UBER FheSonsBbEkion VBl "o Wal ol phogs: POBGESEPERTbe N ied | on
a bobbin 901. Fixed cores 903, 904, 905 are provided on the ug er, outer

ci rcunf SFERaLad 23 TeRkSsents £ LaRACHIRT fyhieh 8WPPliese%adtingond coi
305b and a pernmanent nmagnet 306 rests on the fixed core 903 on the upper
sur f ace.enBrgyoivabtbec dlests afllk h30%4 pcandnugfered@e inumenmpbss¥lof a
novabl e circular plate 906 and the plunger 304 and held between the shaft

302 and repridertdy’ a ¥batrblecereai t ofdg e bdtrondgirst 301.t hehel unger
304 and a center leg 908 are in contact with each other. Next, operation of

an e o'fggn OPPULR kQn Ple- R ill | t fg*%ﬁt fSed Circuit

breagzrq%ccorilr%#%€?§he p%eé%ﬁtdb¥hvgn?%gn &fﬁlqgtzﬂggcrl ed? ( ermal

cl osi ng operation_and ni operatiqgn) In. c I Nng operatiqn, e first

coil 30 Tqle unglte c%)@ nd‘%ﬁ"et B?Bﬁ-lﬁfgn%x c?’f‘éilgiﬁg I eﬂrpﬁw p&ﬁ n gtlﬂe gener at e

an 25 attractive force. This attractive force is transmtted to the 20
electromagnetic repulsion coil 170, which is comprised of a

capaqitor 902 and a control board 903.
Next, the structure of the electromagnet 301 will be
10 described. Thefirstcoll 305aandsecondcoil 305bareprovided
on a bobbin 901. Fixed cores 903, 904, 905 are provided on
the upper, outer circumferential and lower surfaces of the first
coll 305a and second coll 305b and a permanent magnet 306 rests
on the fixed core 903 on the upper surface. The movable core
15 of the electromagnet 301 is composed of a movable circular plate
906 and the plunger 304 and held between 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 commutation type
20 DCcircuitbreak&r5ésacﬁrcuitbreakeraccordingtothepresent
invention will be described.
(Normal closing operation and opening operation)
In closing operation, the first coil 305a of the
electromagnet 301 is excited to let the plunger generate an

25 attractive force. Thils attractive force 1s transmitted to the



operating rod 65 of the first main switch 51 and the operating rod 204 of
the second nmain swtch 52 through the main shaft 500 and sub shafts 510,
512, so that the novable conductors 62 and 200 nove downward and the first
main switch 51 and second 5 main sw tZh 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 device case 300 are elastically

char ged o) ' | T ' | cond nain
ui t o obeRAEHRS Eadbprof Bt st adh s et B1, Y «hle GbeBRELAGICN TR T
534 and hi 66 are engage and the secqnd . sub switch 54 becones cl osed
as the I’é?é?ze%logr@%l‘%cg’l‘% gfag'”dlsé’gﬂ:&i’g%% &‘IBB(?\# %‘g‘ﬁppgif‘oﬁﬁﬁggcl osi ng
operation, the electromagnet 301 is de-excited. The reactive forces of the
el asti cab0q andrsyl stafimtSdd, Hldss §oe thati the movable2carduectPpgi ng spring
555 are held by the attractive force of the permanent magnet 306 in the

el ect r onggatid 300 motie dtvmwardandthePiaisttmaineWitoh 6handseoendnt nagnet
306 is generated primarily in the route from the permanent nagnet 306

through {2fn "BY2BLR BAIE A, PiNETbsiRgd Uberdtidi, | e 98Bnthixed core
905, fixed core 904 and fixed core 903 t0 the permanent magnet 306. In

52 the PTTERCEe PR 131, Are ot Ynd Bkt Bt Fon8pertr oF B5Y R8T i tat i on
oL ek pdl 3024507358 Bl P Speth g hebSeR Ehde o35 hRg e i
coi| 305%ripRing spring p g 0
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 hecomes 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..
Upbn completion of closing operation, the electromagnet 301
is de-excitéd. The reactive forces of the elastically charged
15 contact pressure springs 151, 212 and t:ipping spring 555 are
held by the attractive force of the permanent magnet 306 in
the electromagnet 301. Af this time, a magnetic flux from the
permanent magnet 306 is generated primarily in the route from
the permanent magnet 306 through the movable plate 906, plunger
20 304, center leg 908, fixed core 905, fixed core 904 and fixed
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 exciting the first coil 305a,



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 smaller than the spring reactive force, the first
main swtch 51 and second 5 main sw tadh 52 start opening operation. In this
el ectromagneti c operating nmechani sm opening operation is basically done by
the spring forces of the contact pressure springs 151, 212 and tripping

[ 555. | t.h d i tati f f] bha305 I
Fequi T s, mARERREE PIHO R v e KRB P EhES AR dnd HRnrer 128008 by " he ¥
permanent nmagnet. (Quick interruption_ in case of an accident) | n_quick
i nt er r upt¥ SRNCeldedeangd the QEEFESE?-YetWC%P&FP%W’? 3Pdn coil 170

is excited to generate an 15 el ectromagnetic repul sive force fromthe
repul si obs glextreakbatl. TWhencetive atdtacddyiesEerceoatenes gmajdien thaspul si ve
force and the operating rod 65 coupled with the nmenber 64 noves upward

further fh&$pidngLe86BLREIEGESS Ehe SPESDMaliml swiltich $harfd kétond®i N switch
51 becones open and the first sub switch 53 beconmes 20 closed. At this tineg,

the nai gbgémftsﬁ).gc nd s3ub éﬁi’fif,] 5%{831153&8 ”%%;e?:%ﬂi\ggl[ﬁd angl, t hgpggeond mai n

swi tch and second sub swtch 547 remaln urichange The second coil 305b
Fepul 5i GHLEEHTORSRIRHEP cSBPFBRLRGS B RS0 B WY HOPRES L Ot Fomagnet | c
repulsi Ogagj?ééllg 0donze2 by the spring forces of the contact pressure
springs 151, 212 and tripping spring 555. In other words,
reverse excitation of the first coll 305aonly requires an energy
10 enough to cancel the magnetlic flux generated by the permanent
magnet.
(Quick interruption in case of an accident)
In Quick interruption in case of an accident, the
electromagnetic repulsion coil 170 is excited 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
switch 54 remain unchanged.
The second coil 305b of the electromagnet 301 1s connected

inserieswiththeelectromagneticrepulsioncoil 170 andexcited

25 simultaneously with the electromagnetic repulsion coil 170.



Wien 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 opening
operation (reverse excitation), the magnetic flux of the pernmanent magnet
306 is cancelled and the 5 attracti veeZorce of the el ectromagnet 301 is thus
decreased. Wen the attractive force of the electromagnet 301 becones
smal l er than the reactive forces of the contact pressure springs 151, 212

and trippin ri 555, the. pl.unger, 304 noves upward. _ I.n ¢ onse, the
second ﬁ’&?‘?‘ﬂs % thop Q& SReAHSR tOC'rE'n) t%fo &S’é’r‘i’%a?\kg‘l Iﬁg%egﬁ t he
control nethod of an enbodi nent of the commutation type DC circuit breaker

as a ci re@fkttampeskbe sane @sithg dbrediclon afepkcliatAPppf fhe fd&stescri bed

referring to Figs. 8 to 10. Figs. 8, 9 and 10 are diagrans which explain 15
oper ati opobl BRSacdm ropemingubperatibnsi{mpvenment éxaitation), &heni ng
operation and interruption in case of an accident, respectively. Nornal

cl osi ng R@ghetie T 1and o8 PEnk P raReent MAgnat 3091’ 6Ahedl Dyatdim eaat rol board
591. In closing operation, two contacts 934, 935 are turned ON to nake a

: it . . : h
capadl 1 FEERREEIFE SHee b thel B1bUERGHaGhRt 0L s IO UBERRARRAL ¢ o
th th h ' ' tion, : 930, 931, 932,
035 ar o MenvEbeArbeAaRLve EPred: SECHRG: RlechobnoRatashY pERRERSoN 1o
excite the first coil 305a in a direction 25 reverse to the excitation

di r ect i opmakler shapthsmeeactbve forgesxsf 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 of an embodiment of the
commutation type DC circult 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 diagrams which explain

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

20 switch 915 is turned ON to give the charge of the capacitor
590 to the first coil 305a in the electromagnet 301 (Fig. 8).
On the other hand, in normal opening operation, four contacts
930, 931, 932, 933 are activated tomake 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 ¢losing operation (Flg.



9). The arrowed curves in Figs. 8 and 9 express the directions of exciting
current flows. In quick interruption in case of an accident, the switch 914
is turned ON to excite the electromagnetic repulsion coil 5 170 and the
second coil 305b in the el ectromagnet2®01 by the charge of the capacitor 902
| ocated in the control unit 900 (Fig. 10). Since the first coil 305a and
second coil b constitute a duplex wi nding structure, when one of themis

excited,_ an 0 induced voltage_i ener at i n_the ather..(el ectromagnetic
Cnducts ohf- e PRECUEH SR LosbkE W ALH 3 6XBERES S GAFBREIPRBer upt | on,
t he i nductance nust be small because of high speed and the nunber of turns
is 10 (tofne¥chiing cupremt HL1PM$-hand, for the first coil 305a, which is
used for normal opening or 15 closing operation, the coil current nust be
decreased i n dmeguickointenreptienbin dase af anhacchfenti dthe8@1l&cd switch
915 and the nunber of turns is set to 200-400 turns. Since the induced

vol t age 954 P RarhedON t& exicd telthere Ddct tomegné HEc \tepwAdon Bedged in the
second coil upon excitation of the first coil 20 does not pose a problem (in

it rreg Ci?&'%q{hé)%@&ﬁ% %Bﬁ.gagklgp) in%%l’ EF@EIS&IL&/ é)'fcgdlfil’l% hghFl rst coil

i nterruption, a vol tage on t ovo I's 1 nduced _
count er EBEERR CharHR BRI (h] dgsaied HE 1 fendzodoip13080 The Sur ge
vol t age suppressor 954 is |ocated 24
(Fig. 10).
Since the first coil 305a and second coil b constitute
a duplex winding structure, when one of them 1s excited, an
10 induced voltage is generated- in the other (electromagnetlic
induction). For the second coll 305b, which is used for quick
interruption, the inductance must be small becﬁuse 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 coil current must be decreased in order
fo 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 a problem {(in normal closing or opening operation)
but conversely, or in quick interruption, a voltage on the
kilovolt-order is induced in the first coil 305a.
In this embodiment, a surge voltage suppressor 954 is

provided as a countermeasure against induced voltage in the

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



in parallel with the first coil 305a so that a circulating current flows
between the first coil 305a and the surge voltage suppressor 954. A zinc
oxi de varistor (ZNR) may be used fgqi.- the surge voltage suppressor 954 but
in consideration of 5 durability to W4 hstand frequent operation, it is
desirable that it be conprised of a protective resistance 952 and a di ode
950 as shown in Figs. 8 to 10. As shown in Fig. 10, in quick interruption,

i nduced - a(gfr and

t her ef or%%é‘gg‘fl%éﬁ%%gﬂ\%% g%ggug#? gaoﬁé[%ggt%g]ttgm %%%@éég%rrggged. When
the protective resistance 9 | s decr ed, the.induced voltage is
decreaseﬁlcmﬁ PR we@Pe_éﬁ’teonééﬁ%% §8§ii 2’% e%’gad %‘F%g&?igﬁﬁﬁ_ I n order
to neet the circuit insulation requirenent, the resistance should be as

| ar ge asSyRBESSSQr 953 . nAt AlBccanbde nearlister B mambecnerdyErs required
In closing operation in which the contact pressure springs 151, 212 and

tri ppi ngtlser suggésvodtagel aaipprEdsorhgf4getutorimreonstderatiboni ofopeni ng
operation which basically uses the above spring forces. As expl ai ned

ear | iser , quFab Bl SRS W1 tHEt 4 FrieyRitcbpe®atdbn, N 1khis asbedhpeat . for

opening operation it is enough to ‘cancel 'the magnetic flux of the permanent

magnet 319?&1& ']_ttﬁg co Pﬁs&?@grﬁekrgyggctﬁgé f%%fg%&gt%) r§’52t ch 8g8d850 'S

di sposed™as “shown 1 so-as 'n eC¢t” Ccl'osIi ng operation,
which requires a Iarge energy. On the other hand, for naormal 25 ﬁeni ng

0
oper at i oTP0 \ifi SRhoYRednFigst|8 dR il i nfseshey® in foles 10, in quic

interruption, induced current I flows through the surge voltage
suppressor 954 and therefore the induced voltage in the first

10 coll 305a 1s decreased. When the protective resistance 952
1s decreased, the 1induced voltage 1is decreased but the
electromagnet 301 1s released for a longer time. In order to
meet the c:l.rcu:l.t_ insulation requirement, the resistance should
be as large as possible.

15 In this embodiment, more operating energy is required
in closing opei'ation 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 explalnedearlier, in the case of the electromagnet

20 301 in this embodiment, for opening operation it is enough to
cancel the magnetic fiux of the permanent magnet 306 in the
electromagnet 301. For this reason, the diode 950 is disposed
as shown in Figs. 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



current may be distributed to the surge voltage suppressor 954.. |n other
words, this surge voltage suppressor 954 may be said to be particularly
effective for the electronmagnet 301 in this enbodinment, for which the
openi ng operation energy is snmall. 5%urthernore, this control method adopts
the follow ng ingenious approach. If an earth fault accident occurs just
after the commutation type DC circuit breaker 5 is turned on, opening

ti : . . . Li Kk AC
oyst om i Gub el iy E BT picsbe Bfdiidl volkaodiftibicon 484, 1€ B, {
t he faul t th tati t d to del ' [
oper at i oH SYHATCHPEDA: oFELA QIS oLt FHOPRES8BE: AeA QHEY e BAtHar th f acl
acci dent occurs upon contact of the contacts of the first main switch 51

and 15 tedsnparbieuiarlyiefifective £orrthe elegtaomagnets301nin fiseedi ng

line 3 detects the fault current and sends an opening/closing comand to
t he comembodimenty pef BRCwhilichuthebopahkingSopérathin drnexrgwdrscemaddt tri ppi ng
device 59 and the control unit 900. At this nonent, the control circuit is

as shown in Fighrthdifctse tHl < |coniti® 10 tHdd adoptsNdne WBY 1bWihge
commut ation type DC circuit breaker 5. If the el ectromagnetic repul sion

coil 170 | 4. 30 e bt ' ' ditl xcessi ve
nduced YAIFRERES M itachy, Tt B oREEN Batd aded s obeEs JheB PO 0007
contact 935 - contact 933 .- sw tch (515 -capacitor 590 25 - contact 930 -

contact @Bker the compytatisn,tYpeRGC PikqHt bFeaker 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, if 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 switch 51 and

15 secondmain switch 52, the current transformer 58 in the feeding-

line 3 detects the fault current and sends an opening/closing

command to the commutation type DC circuit 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 DC circuit

breaker 5. If the electromagneticrepulsioncoill70 and second

coll 305b are excited 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



cause a delay in opening tinme and danage to the switch 915. Hence, in the
control nethod in this enbodiment, at the sanme tinme when the

el ectromagnetic repulsion coil 170 is excited, the switch 915 is forced to
turn OFF to break the | owinpedance Récircuit. Therefore, the switch 914 and
switch 915 nust provide quick response and particularly the switch 915 nust
denonstrate a quick interruption performance. In order to neet the above

: ; : d f CCeh q
e condiiess R4YHAY I SRR vl AR, BhnbG 20 cRE pHLkE 288 hnt age of
an enbodi ment of the commutation type DC circuit breaker 5 as a circuit
br eaker BRRES diliy 416 CORETALCBSRROR LR L, SHHAdIRETos At FbS. 538

conventional circuit breaker includes a vacuumvalve, an operating
mechani stime offiefe dhenelaetvemagnetityveepuks bpr ol dsilisgescitedi on, and an
el ectromagneti c repul sion driving nechani sm provided mdway in the operating

mechani sghe $drtehas psiisfeptedagy ¢urnOFN Todbresk ithd hewopmpadangenechani sm
and the closed state is held by the-attractive force of the permanent

Tagna! . IO EK B Obhe hviiten ARG i 12918 0fEsE heoyRYED! e par !

of the ect ronagnet ectromagnetic repulsive whi ch exceeds
the result, of subtraction of. the, reacgtive forc of the contact. pressure
Spri nge TSk 735BaREe A REFHICEeF iR eyl GHT S Tndt GeBPRReRRERL 0T 'l he
per manent maqﬁ/net 306, nanmely the surplus force to hold the closed state 25
of the va@WiRk Ankerrpptinpsperfermanes r c in opdeakEe mestddepabove

requirement, a thyristor is used for the switch 914 and an FET
or IGBT semiconductor switch is 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 circuit breaker includes a vacuum valve,
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 operating mechanism
'and the closed state 1s held by the attractive force of the
permanent magnet. In quick interruption, it is necessary to

20 glivethemovablepart of theelectromagnet 301 anelectromagnetic
repuis:l.ve force which exceeds the result of subtraction of the
reactive forces of the contact 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



for quick interruption it is necessary to not only achieve a prescribed
openi ng speed but al so provide an el ectromagnetic repulsive force in excess
of the attractive force of the permanent magnet to hold the closed state, a
| arge 5 el ectromagnetic repul sion driafi ng nechani smand a | arger power
supply capacity are needed. Al so, a nechanismto reduce rebound of the
novabl e el ectrode shaft due to the el ectronagnetic repulsion reactive force

nmust be t r Q\l 0,Rreye I ngQ. I ' di ment ,
The. el ectPoimid LoBrhestidon” a8 F8 MarbaraNdhor 050 SekieRe s

el ectromagnetic repul si.on operation to release the attractive force of the
per maneri?"g edemw FBEPFli Put ALER BTG ARLE; Bﬁtrﬁg‘agneziggequence, a
reliable circuit breaker which reduces rebound of the novable 15 el ectrode
shaft arkeprlsive sfereeodnnexoess uf dthe Agiractiye fiorce o€t theil 302a

I ntended for normal closing/opening operation, a second coil 302b with a

smal | i nskrianset Wmadnessts esholld ckthiespobsseds ptatededaandaegenected in
series with the electromagnetic repulsion coil 170 for sinultaneous 20

excl st | e Fordlin SRAE r8bul BEof 4V AR ABEhaAYdn dhd B FaxfEiobfiBR!

openi ng operati on, asically reli'es on the accunul at'ed stic forces

o i R oBBEREE A O S bl 2 BB enab UL AR BERERRR, S

306?()g%¥etgg %g%ggigigﬁe%%rode shaft due to the electromagnetic
repuision reactive force must be separately provided to prevent
reclosing.

10 In this embodiment, the electromagnet 301 is reversely
exclited slmultanecusly with electromagnetic repulsion
operationtorelease theattractive force of the permanent magnet
306 and facilitate qulck interruption. As a consequence, a
reliable circuit breaker which reduces rebound of the movable

15 electrodeshaftandpreventsreclosingisprpvided. Apart from
the first coil 302a intended for normal closing/opening
operation, a second coil 302b wifh a small inductance which
assures quick response is provided and connected in series with
the electromagnetic repulsion coil 170 for simultaneous

20 excitation.

In the case of the electromagnet 301 in this embod:l.ment',
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



force, which is advantageous in assuring quick response. Since the first
coil 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 an induced 5 voltage generat28d in the first coil 301la, which has a
| arger nunber of turns, may be a problemfor quick interruption in which
magnetic flux variation is large, it - is solved by the surge voltage

suppress 54 | ded J i# ] ol l,. S vol t age

suppr ess%ér‘g%ﬂ,ﬁ%%%%)gigsec#dol’faqg{ Aotﬁescﬁé/} %&rfehg s@a%‘%%‘gﬁsf ‘a di ode 950,
assures durability to w.thstan f requent operation. en th urge vol tage
suppressor 95dince thefdrst 6‘?9%1%5&%%& qni?gfgr?@\é\y%@g?nﬁﬁﬁg'é{%i ode 950,
the diode 950 is arranged as follows. During opening operation which only
requi r esd dupkEx sdpmichuney ahengpne b shem isgexsiteds eAn inducedwed to be
distributed to the surge voltage suppressor 954, and during closing

oper at i croMWdge Iscgenetated Larthe oflssrntdoill enalshougyhc Ancindectéd
distribution is not allowed. This surge voltage suppressor 954 cannot be

appl ised yvd Al Yeifdra RO thB! £0rs€Ao{P3Ld AWIA PR3 A"YaBgergy 20 for
bot h cl osi ng operation and opening operation. It is useful for a case that

h | d el ' ' ' 151, 212
and 111 dOE gt it BRY BeCh BrobigcaRk ek  FRRRFEuBRLORTE
enbodi ment . In order to _achieve quick interruption gtri -free dutg) 25

af ter cl'ONHy ARG LR vardation dendanden dfci8,PpeKedIhyobh

surge voltage suppressor 954 provided in parallel with the coil.

The surge voltage suppressor 954, composed of a protective

10 resistance 952 and a diode 950, assures durability to withstand

frequent operation. When the surge voltage suppressor 954 is

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

diode 950 is arranged as follows. During opening operation

which ohly requires a small operating energy, the exciting

15 current is allowed to be distributed to the surge voltage

suppressor 954, and during closing operation which requires

a larger operating energy, such current distribution 1is not

allowed. This surge voltage suppressor 954 cannot be applied

to an electfomagnet which requires a large operating energy

20 for both closing operation and opening operation. It isuseful

for a case that the accumulated elastic energies of the contact

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

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

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



to excite the el ectromagnetic 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 r&@sponse and particularly assure quick
interruption performance of the swtch 915. [Second Enbodi nent] Figs. 11 to
13 show an enbodi nent of a three- phase hi gh speed circuit breaker 600 as a

circuit Psg%%eafﬁg iﬁié&f&: érféh ﬁegais aseé"%fftl'ﬁnis szmap BNFig. 11 is

a right side section VI ew 0 I gh spee ircult breaker

back vi € ieAkn Y e e %ﬁ-&ﬁt@eﬁ&@s?ﬁéﬁe?fe%ﬁﬁﬂ RiPeating che

closed state. In these fi ures the parts 15 designated .il t he_sane
ref erenck ERVELSEQT ads| Hsﬁﬂg§°rltPG @Widir@ tHt e PurFET oR {68%e figures,

the three-phase high speed circuit breaker 600 includes a vacuum val ve 601
I ncor porsemnbepreddc et switehehs sigled Lontthet swhtEhX@d®d torahsoimy g6@8kof a fi xed
el ectrode 20 of the vacuum valve 601 is connected with a fixed feeder 603

| ocatsed o tdle redSonsé dgnd Patbecel &1y hagduramaabkeiieadeapeion604 of its
novabl e el ectrode 1s electrically conductive to a novable feeder 606

end of deroifiialith G fhe SleLeoR 8 S “end of the insul ating rod 607 50
[Second Embodiment]

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

sbeed circult breaker 600 as a circuit breaker according to

10 the present invention, inwhichFig. 11 isa right side sectional
view of the three-phase high speed circuit breaker 600 as a
circuit 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

locatedon theupper side. Ontheotherhand, amovable conductor

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

The movable conductor 604 is coupled with one end of an

25 1insulating rod 607. The other end of the insulating rod 607



I's fixed on an operating rod 608. The operating rod 608 penetrates a pin
609 with flattened abutnent surfaces at the top and bottom The pins 609
for three phases are all engaged wth one |ever 503 of a single nmain shaft
500. A washer 611, 5 a contact presswf% spring 612 and a washer 613 are held
between the pin 609 and a nut 610 fixed on the operating rod 608. Wth the
vacuum val ve 601 open, the hexagonal part 620 -at the bottom of the

operatin reﬂxﬁgfa S A Wid £88 B0B.COGNY Sp&HEATy rdAC8HYEr € Spring

612. On the ot n closing operation 10 of the vacuum valve 601, the

Cont act 1o LEAFHE A" Sher parh EEat LAPR G tnt JAFHEE otofPle “cach

other, and the | oad of the contact £ressure spring 612 heconmes a_contact
force of tepandbheiten. 1Eherpdng 8P8iFox thewespBases arenAilcargadffli h an

el ectromagnetic repul sion coil 170 and a repul sion plate 171 which
const i t wkthrompdevey hodnef asingliehmalor shafhg50@bdd washer &hl,
el ectromagneti c repul sive force generated in the repul sion plate 171 by

exci tsat | @oNtddteppesstre Haiald 612Gan®alkasiier 13 atéthd Xl baewesad by an
i nsulating rod 607 and due to the repulsive force, an operating rod 608

et ok, gho e haE RISpPGE Sid Gpbare 8 oa SaeTupnen
gﬁ‘” Ce CERE vactum Ya1v8 501"3pbn > dnd hekAGoRai b iRl Y ht 1% berEgP! €d W th
| of the operating rod 608 is engaged with the pin 609 by a contact
pressure spring 612. On the other hand, in closing operation

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 1s communicated with an
electromagnetic repulsion coil 170 and a repuision plate 171
which constitute an opening means. As in the foregoing
embodiment, an electromagnetic repulsive force generated in
the repulsion plate 171 by excitation 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



the other | ever 501 of the main shaft 500 through a nenber 303. 1In other
words, the attractive force of the electronagnet 301 is transmtted to the
operating rod 608 through the main shaft 500. The vacuum valve 601 is
turned on by exciting a first 5 coil 305a in the el ectromagnet 301 and
noving a plunger 304 downward in the figure. The structure of the

el ectromagnet 301 is the sane as that of the foregoi ng enbodi nent. The

° : : . : ne ed
irst Coipe %@%ﬁ?%gg%ogﬂﬁ g.eégibsﬁa tHRY efedugh & mimitfi3891 and fixe

cores 903, on the upper, outer circunferential and

I f t fi,rst i d il t
magnet - 30b EBRS vgan et kYA td Va0 £33 e BE i SlecriepRgiet 3 POl TUT "
core of the electromagnet 301 is conposed of a novable circular _plate 906
and a pliR3&Ans0d thed helthe,spaga’ 109 To8 648 through-the Aain sBBFE Vhen t he

el ectromagnet 301 is turned on, the plunger 304 and a center leg 908 are in
cont act 50@ { h Theec vactuwer valet 60dpdsaturnedf oanbgnbsdikéng af £ihstabove
t hree- phase high speed circuit breaker 600 as a circuit breaker according

20 t @ t heoPT E30BH Y ifdectiromadhelc 301 Bad mboritgoal pyunperasoan, the
first coil 305a of the electromagnet 301 is excited by a precharged

Farec!{ Mgt A8TEHE alie, 17 1011, Lhe DI nOe SeEr e 20 e 35
through the m?Ithne Ss %{cé&% o%o t&l%atelte% rrgrjn\é%?lle?: 88*10'&% %BeGQngzas
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 coll 305a and second coil 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 circular 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 1n contact
with each other.
Next, operation of an embodiment of the above three-phase
high speed circuit breaker 600 as a circuit breaker acdording
20 to the present invention will be described.
In closing operation, the first coil 305a of the
electromagnet 301 is exciteé.by'a.precharéed capacitor 590 as
shown in Fig. 13 to let the plunger generate an attractive force.

This attractive force is transmitted to the operating rod 608

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



noves upward and the vacuum val ve 601 cl oses. Sinultaneously wth closing
operation, the contact pressure spring 612 and the tripping spring 555 are
el astically charged to prepare for opening operation. Upon conpl etion of

cl osing operation, the 5 el ectromagné® 301 is de-excited. The reactive
forces of the elastically charged contact pressure spring 612 and tri pping
spring 555 are held by the attractive force of the permanent nagnet 306 in

th | I ' ' | 601,
e ele §%?%Mégd ihé'%ra%hnp%ﬂba%d@%&%?s'e%ﬂ 0§1ﬁﬁit¥ﬁ€3ﬂ§l¥a ve

the 10 als excited 1n a rection reverse tot excitation
direction,j,n 0Sj ng Qpergtian. reversel excitin h Lest_goil 305a,

t he nagﬁ%*#Q:éi?Bi rﬂé%ﬁii}?ﬂr tﬁ%ch eﬁFeﬁE&ﬁ8t5§6%n§s%@ n28f ed and
when the attractive force of the el ectromagnet 301 becones snaller than the
spri ng 1the &xdppiad spring 3hs @aem%iwﬁo@%apﬂ P RTGRALSHEPEL i on.  The
second coil 305b of the el ectromagnet 301 is connected in series with an

el ect r onepereing opepaltdionn cUpdn Kinpletipn off closing gqpemation .cibe of an
accident, the electronagnetic repulsion coil is excited by a control unit

900 (sFi GeldStrathhdira®ricied sotiedekan@ell OrTHE etk fve Toricds bEatHe903. By
the electromagnetic repulsive force generated in the repulsion plate 171,

th : :
spring CiSPELD SRR cORARE! frobbheBlodrfia W12 B3 ERERREAG Pl he i n
shaft SOSOij?r?gS §]505t arpavgel%Sb}j/e{he 3al?’*l:trf.tctive force of the permanent

magnet 306 in the electromagnet 301.
In normal opening operation of the vacuum valve 601, the
10 first coilil 305a is excited in a direction reverse to the
excitation direction in closing operation. By reversely
exciting the first coil 305a, the magnetic flux generated by
the permanent magnet 306 is cancelled and when the attractive
force of the electromagnet 301 becomes smaller than the spring
15 reactive force, the‘vacuunlvaive 601 start opening operation.
The second coll 305b of the electromagnet 301 is connected
in series with an electromagnetic repulsion coil 170. Inquick
interruption in case of an accldent, the eleétromagnetic
repulsion coil is excited by a control unit 900 (Fig. 13)
20 comprised of a capacltor 902 and a control board 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.



In quick interruption, the el ectromagnetic repulsion coil 170. and the
second coil 305b of the el ectromagnet 301 are sinultaneously excited. \Wen
the direction of excitation of the second coil 305b is set to be the same
as the direction 5 of excitation of t3e first coil 305a in normal opening
operation (reverse excitation), the attractive force of the pernmanent
magnet 306 i s decreased. Wen the sum of | oads of the contact pressure

spring 612 anqr;&%%%iQgﬁgpﬁ,ggj_éﬁ?tg;é%?_gé%tf&ﬁ?agﬁgﬂjf@féﬁﬂfsi%ESiﬂf the

per manent nagnet nger 304 egins to nove upward. In response,

t he whol t] hani f ' d ci i t 00 ent

the opent7EtERE A s FRRARC BT 1SRto ok b ERea R e 70 Shedicer 600
is the sane as in the foregoing enbodiment and as illustrated in Figs. 8 to
10. 15 I9imEl taneonely HGidiedy WHEN,Hee MIAGIADBOL excitationceSsary i o

give the novable part of the el ectromagnet 301 an el ectronmagnetic repul sive
force withé seamelicatie 30Ehlis seft dobbeatheosame asetheadireetionces of the
contact pressure spring 612 and tripping spring 555 fromthe attractive

force 20opkxtheapeoitsthe TG coLb 305anEh vokha 1df¢l iifg bpeeationhol d the
cl osed state of the vacuumvalve 601. If the electromagnetic repul sive

[5ce | SLEPRL RGN 1 SRV SRiale il bpriietencl N2
reduce rehound JBiol s B SERAIEE o YD BES LSS T0hHs e B GhnBhby !N NI
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 operating
mechanism of the high speed circuit breaker 600 enters the open
state. 'The control method of the hlgh speed circuit breaker
600 is the same as in the foregoing embodiment and as 11lustrated
in Figs. 8 to 10.

15 In quick interruption by the vacuum vaive 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 contac;t pressure
spring 612 and tripping spring 555 from the attractive force

20 of the permanent magnet 306, namely the surplus force to hold
the closedstate 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 amechanism to reduce reboundmust be separately

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



el ectromagnet 301 is reversely excited sinultaneously with electronmagnetic
repul sion operation to release the attractive force of the permanent nagnet
306, which suppresses rebound of the novable el ectrode shaft in the course
of current 5 interruption by the el ectfomagnetic repul sion driving
mechani sm nmaking it possible to provide a reliable circuit breaker. 10 15
20 25 | 35 WHAT IS CLAIMED IS: 1. Acircuit breaker, conprising: a

vacuum val sy iRt ryRgnet rd eéagi ge:?cifﬂéétsﬁf&%iti.éo@éi%inﬁﬂglsn 5

operating shaft of the vacuum valv rd an opening directl

el ectro netlic repul.sion, a,nmoyable care a er manent net, _and an
oper at i ggeqr?eccthréjﬁria e\ﬂﬁccﬁeSQ(l:lsf'ég ?%eer%lros ggoﬁaﬁf?%sngéﬁ s%tgﬁgcggg%um val ve,
hol ds t he vacuum val ve closed by an 10 attractjive force of the permnent
magnet and®XS&idfesheneermAEentoMpIngtasgbr ethich PUDRFEESES BAPEURHt ati on

direction in closing operation to open the vacuum val ve, wherein, together
with the dff rehe copvabdeserloret xoie @haéh in the course of current

5 interruption by the electromagnetic repulsion driving
mechanism, making it possible to provide a reliable circuit

breaker.
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is excited simultaneously with an el ectromagnetic repulsion 15 coil for

el ectromagnetic repul sion in quick opening operation by el ectromagnetic
repul sion is provided in the electromagnet. 2. A circuit breaker,
conprising: a vacuum val ve; and qui ck3%peni ng neans for driving an operating
shaft of 20 the vacuum val ve toward an opening direction by el ectromagnetic

repul sion, the breaker having an el ectromagnet conprised of a first coil, a
second CﬁhhT I EBX?Q g ¢eLe and a pernmanent nagnet and conprising an
operating rechanrs rch éxcites the first coil to close the vacuunval ve,

25 holds.the v cuun1va{ve cl osed b¥ an. aftractive force of the 36 permanent
magnet ahd exchtesTEHet BTFAKRTn GPTREIFHRIteverse to an excitation

direction in closing operation to open the vacuum valve, wherein the
el ectromagnet i@ Y@puPmi6dl¥®il for 5 el ectronagnetic repul sion and the
second coil are sinultaneously excited in quick opening operation by
el ect romagnet i an reeird tsf@m gt Arcilusliintg lar §akek, cebhpfosidmi ving vacuum
val ve; and 10 quick opening neans for driving an operating shaft of the
vacuun vapeeat ongrshait opaitiangaduuncidlor bywete ey opegiryidi raeiidrsi on, with
a first coil and a second coil coaxially disposed;
by electromagnetic repulsion, a movable core and a permanent
magnet; and
an operating mechanism which excites the first coil to
close the vacuum valve, holds the vacuum valve closed by an
10 attractive force of the permanent magnet and excites the first
coilinadirectionreverse toanexcitationdirectioninclosing
operation to open the vacuum valve,
wherein, togetherwiththe first coil, a secondcoil which
is excited simultaneously with an electromagnetic repulsion
15 coil for electromagnetic repulsion in quick opening operation
by electromagnetic repulsion is provided in the electromagnet.
2. A circuit breaker, comprising:
a vacuum valve; and
quick opening means for driving an operating shaft of
20 thevacuumvalve towardan openingdirection by electromagnetic
repulsion, the breaker having
anelectromagnet comprisedofafirstcoil, asecondcoil,
amovable core and a permanent magnet and comprisinganoperating

mechanismwhichexcitesthe firstcoil toclose the vacuumvalve,

25 holds the vacuum valve closed by an attractive force of the



t he breaker having: 15 an el ectromagnet conprising: a novable core which
noves on a center shaft of the first coil and the second coil; fixed cores
provi ded on upper, circunferential and |ower surfaces of the first coil and
the second coil; and 20 a pernmanent #agnet placed on the fixed core on the
upper surface, the novable core conprising a circular plate with a face
opposite to the fixed core on the upper surface and a pIunger wth a

posi t . per surf.
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direction reverse_to an excitation direction in closing operation to open

t he vacularvalvEaly{Rerein the el ectromagnetic repul sion coil for

el ectromagnetic repul sion and the second coil are sinultaneously excited in
qui ck openi ng openrstinon e 16leteromaprehicei crepplbspon. cpilTheéw rcuit
breaker as described in Claim1, wherein the electronmagnetic repulsion coi
and the seeefdomaghedlie corv@el£ibni nageri eshe second coil are

simuitaneously excited in quick opening operation by
electromagnetic repulsion.
3. A circuit breaker, comprising:
a vacuum valve; and
10 guick opening means for driving an operating shaft of
the vacuum valve toward an opening direction by electromagnetic
repulsion, with a first coil and a second coil coaxially
disposed;
the breaker having:
15 an electromagnet comprising:
a movable core which moves on a center shaft of
the first coil and the second coil;
fixed cores provided on upper, circumferential and
lower surfaces of the first coil and the second coil; and
20 a permanent magnet placed on the fixed core on the
upper surface,
the movable core comprising a circular plate with
a face opposite to the fixed core on the upper surface
and a plunger with a cylindrical face opposite to the

25 first coll and second coil’s inner circumferential



5. The circuit breaker as described in daim1l, wherein the 15 first coi
and the second coil are provided on a single bobbin and the nunber of turns
of the first coil is larger than the nunber of turns of the second coil. 6.
The circuit breaker as described in Ghim1, wherein a switch to excite the
el ectromagnetic repulsion coil is 20 constituted by a thyristor and FET or

| GBT is used for a swwtch to excite the first coil. 7. The circuit breaker
as descri bed igu?%gkggl,a erein a surge voltage suppressor conprised of a
zinc oxide varistor of a diode and a resistance is connected in parall el

with the 25 first coi|. 38 A circui t breaker enLn nd_.cl Qsi ng

net hod, mhereiﬁnaOEQEﬁtﬁpgdp%gh?%l%%éﬁgﬁﬁbFXEF8§§dgE§ t&g?EéF?b % a first
coil; and a second coil provided in an el ectromagnet together with 5 the
first coflogRdtRA® VRGRER ohddYRt | ROIEH UG IR Bin Vadifedlases& &Ny are

si mul t aneously excited in quick opening operation by electromgnetic

repul si oatt@aciiveritance lnfeskerpopamient asgnedtoshdgereihed the weiidh a first
coil of an electromagnet for driving an operating shaft 10 of a vacuum

val ves t ovar4l dinrapenimedidgrest itenahyeet £ei t bomalietéct i@pulrsiclwsinigexcited to
cl ose the vacuum val ve, the vacuumvalve is held closed by an attractive

force of ,3.pgt BREPS BBGACtheOfakhBmelgelépmagnet and the first coil is
excited 1h a direction
wherein the electromagnetic repulsion c¢oil for
electromagnetic repulsion and the second coil are
gsimultaneously excited 1in quick opening operation by
10 electromagnetic repulsion.
4. The circuit breaker as described in Claim 1, wherein the
electromagneticrepulsioncoil andthe secondcoil are connected
in series.
5. The circuit breaker as described in Claim 1, wherein the
15 first coil and the second coil are provided on a single bobbin
and the number of turns of the first coil is larger than the
number of turns of the second coil.
6. The circuit breaker as described in Claim 1, wherein a
sWwitch to excite the electromagnetic repulsion coil is
20 constituted by a thyristor and FET or IGBT is used for a switch
to excite the first coil.
7. The circuit breaker as described in Claim 1, wherein a
surge voltage suppressor comprised of a zinc oxide varistor
or a diode and a resistance is connected in parallel with the

25 first coil.



reverse to an excitation direction in closing operation to open 15 the
vacuum val ve, wherein a second coil provided in the el ectronagnet together
with the first coil and an el ectromagnetic repulsion coil for

el ectromagnetic repul sion are sinultabkously excited in quick opening
operation by el ectromagnetic repulsion. 20 10. The circuit breaker opening
and closing nethod as described in Caim8, wherein a switch to excite the

el ectronpgnet i Lepul sl oy Gk, | Spdd P b AL he Heeibd 0 wifdkidshe the

first coll is tufne

a vacuum valve is opened or closed by excitation of a
first coil; and
a second coil provided in an electromagnet together with
5 the first coil and an electromagnetic repulsion coil connected
serially are simultaneously excited in quick opening operation
by electromagnetic repulsion.
9. A circuit breaker opening and closing method in which
a first coil of an electromagnet for driving an operating shaft
10 ofavacuumvalve towardanopeningdirectionbyelectromagnetic
repulsion is excited to close the vacuum valve, the vacuumvalve
is held closed by an attractive force of a permanent magnet
of the electromagnet and the first coil isexcitedinadirection
reverse to an excitation direction in closing operation to open
15 the wvacuum valve,
wherein a second coil provided in the electromagnet
together with the first ccil and an electromagnetic repulsion
coil for electromagnetic repulsion are simultaneously excited
in guick opening operation by electromagnetic repulsion.
20 10. The circuit breaker opening and closing method as
described in Claim 8, wherein a switch to excite the
electromagnetic repulsion coil is turned ON and a switch to

excite the first coil is turned OFF.



