1 [TITLE OF THE I NVENTION] AIR Cl RCU T BREAKER [ TECHNI CAL FI ELD]
S5The present invention relates to an @ir circuit breaker, and nore
particularly, to an el ectromagnetic actuated air circuit breaker.

[ BACKGROUND ART] 10Generally, an air circuit breaker has a
make- and- break contact unit having a structure for input/breaking by
rot ati ng[@IBLEdeFshapedNviBVabP®tont act with respect to a fi xed
col l ector, an arc-extinguishing device to extend an arc | ength upon
br eaki ngafRrRrcTRCUENt BRERKERNG, an i nput operation el ectronagnet to
drive 15 the nake-and-break contact unit via a |link mechanism and a
tripping device which operates in accordance with a breaki ng command.
As this type of air circuit breaker, known is an air circuit breaker

provi ded %ﬁéﬁNfcﬁiaﬁfEﬁﬁﬂped novabl e contact, a first 20 |ever
nechanisﬁ1connected to the novabl e contact, an input

5 The present invention relates to an alr circuit breaker,
and more particularly, to an electromagnetic actuated air

circulit breaker.

[BACKGROUND ART]

10 Generally, an air circuit breaker has a make-and-break
contact unit having a structure for input/breaking by rotating
ablade-shapedmovable contact with respect toafixedcollector,
anarc-extinguishingdevicetoextendanarclengthuponbreaking
forcurrentlimiting,eulinputoperétionelectromagnettx;drive

15 the make-and-break contact unit via a link mechanism, and a
tripping device which operates in accordance with a breaking
command.

Asthistypeofaircircuitbreaker, knownisanaircircuit
breaker provided with a blade-shaped movable contact, a first

20 lever mechanism connected to the movable contact, an input
operationelectromagnet, anda second lever mechanismconnected
to an end of a plunger of the electromagnet via a connection
member, a roller rotatably provided at the end of the second
lever mechanism is in contact with a force application point

25 to operate the first lever. 1In this structure, it is possible



operation el ectromagnet, and a second | ever nechani sm connected to an
end of a plunger of the el ectromagnet,via a connection nenber, a
roller rotatably provided at the end of the second | ever nechanismis
in contact with a force application point 25 to operate the first

|l ever. In this structure, it is possible 2 to suppress increase of
strokes of shepiapst iopeease onf eferekosmghethe hinpwovwrss zat idre

el ectromagnet (see e . g . Patent Literature 1) . 5[Cl TATI ON LI ST]

[ Pat ent ¢itetmtwmaghet thus {Ratehte lthies b direord grkapdnese: Rat eatent

Lai d-open No. 2010-44927 10 [ SUMMARY OF | NVENTI ON]

Literature 1).

5 [CITATION LIST]
[Patent Literature]

[Patent Literature 1] Japanese Patent Laid-open No.

2010-44927

10 [SUMMARY OF INVENTION]
[Technical Problem]

In the air circuit breaker in the above-described Patent
Literature 1, in the first lever mechanism connected to the
movable contact, as the arm length of the force application

15 point can be shortened, the increase of the strokes of the input
operation electromagnet can be suppressed. As a result, the
electromagnet can be downsized.

However, intheaircircuit breaker inthe above-described
Patent Literature 1, since the plunger of the electromagnet

20 ismovedupwardagainst thegravitational force, upsizingcannot
be avoided sc as to ensure the breaking speed, and the downsizing
of the electromagnet is limited. Further, the number of parts
is increased in the above-described Patent Literature 1 because
two lever mechanisms associated with each other is used as a

25 so-called servo mechanism.

On the other hand, there are further downsizing and price



[ Techni cal Probl enj In the air circuit breaker in the
above-described Patent Literature 1, kn the first | ever nmechanism
connected to the novable contact, as the armlength of the force
application 15 point can be shortened, the increase of the strokes of
the input ,operation electromagnet can be suppressed. As a result,

t he el ecépunnyaeticanches dbwesi coreumers. However, in the air
circuit breaker in the above-described Patent Literature 1, since the
pl unger of thelTked gtasamaghatreR0ios oy edecupmadd agaiipstof e above
gravitational force, upsi zing cannot be avoided so as to ensure the

br eaki ngpsppeens v e odgunsi @f nheobrihene! estenragnels ity biroiad.
Further, the nunber of parts is increased in the above-descri bed

Patent Ljt Eﬁﬁ&HéE-&%\?ﬁgﬁk‘éﬁl %egg ﬂ;ﬂ@é-ﬂ@ 204 SOBy aéﬁpﬁaef‘% %érfﬁ%kng“h

other is used as a 25 so-ca ervo mechanism On t

there are.further .downsi zing and-price 3 .do requirements from
onsomar £ B I A8 A R LS o B LIRS TE R A 8 e
above probl ens, and an object of the present invention is to provide a

furt her - SRR ZED AR PProREEFERIL e i (Fod G MekPeaRer P5 @t RBuE -

enl arging and conplicating the el ectromagnet and servo nechani sm as
an operationlfatlutien thePrakéemhd- break unit.

According to one aspect of the present invention, the
above object is attained by providing an air circuit breaker
10 comprising: a make—-and-break unit having a stator (a fixed
element) and ablade-shapedmovable element disposed oppositely
to the stator and rotatably supported with a support shaft;
an electromagnetic operation unit having a fixed iron core
provided in an upper position, a movable iron core provided
15 in a lower position oppositely to the fixed iron core, a coil
to connect/disconnect the fixed iron core and the movable iron
core with an electromagnetic force, and a permanent magnet;
a capacitor that energy-stores electric power to excite the
coll of the electromagnetic operation unit; a contrel circuit
20 board that controls a carrying direction of a current supplied
from the capacitor to the coil in response to an input command
or a breaking command to the make-and-break unit; and a servo
mechanism connected to the movable iron core in the
electromagnetic operation unit and provided above the

25 electromagnetic operationunit soastotransmitadriving force



[ Solution to Problem According to one aspect of the present
invention, the above object is attained by providing an air circuit
breaker 10 conprising: a nake-and-break unit having a stator (a fixed
el enent) and a bl ade- shapednovabl e el enent di sposed oppositely to the
stator and rotatably supported with a support shaft; an _

el ect r oy hbei el opereni@ie it £onae »h A pXeatrPBaJedE ecHRRATdS®T n
an upper position, a novable iron core provided 15 in a | ower

posi ti orurgppasi tieHey makdtmnd-beek noritcore, a coil to

connect/di sconnect the fixed iron core and the novable iron core with

an el ect r omagneldte Qr L@ chand Acperipdete dRy)ethe petapacht oragriet
energy-stores electric power to excite the coil of the

el ectr onpgnel éieeﬁ%ggpﬁet YBbe ra tORMAlE £4 peYlE a2 uhaard dilidort
controls a carrying direction of a current supplied fromthe
capacitaor, to t oi | _in response, to.an_i d g
co nd Rjoattehé&ﬁﬁﬁg- SﬂﬁTb?%a C l}r(ﬁ F% %aﬁdc%rpg%(ﬁgﬁggg%a%?g%gc %ﬁg(ﬁ%d
to the novable iron core in tgg electronag tic operation ynit %99
provi ded bR AN 35 W SOLFoNaGRetRE BRE gﬁ?oﬁrﬁ i $O§9 WS Y9
transmt a driving force 4 by the electromagnetic force of the
el ect r onayretde oy atitdh Whe tfixed HE APk End- br eak unit.
Further, in the air circuit breaker, the pernmanent nagnet of the
el ect r omagnet ikuaperst innhen ir cd rpnovitdessh keetha movepdete Brpnite of
the coil so as to be in contact with a |ower part of the novable iron
]g:_or ed\/\/_n%n:é high dEYetd en tl TP 1E e | o rtoughy pHE GO tthal tslerivice

i xed iron core.

10 mechanism has insulating rods connected to the respective

movable elements, levers with their one ends connected via
connecting pins to the respective insulating rods, a rotation
shaft that pivotally supports through the other ends of the
respective levers, and a connecting member connecting amovable
15 iron core of the electromagnetic operation unit to at least
one of the levers.
Further, in the air circuit breaker further comprising
a breaking spring with one end attached to the connecting pin
of the servo mechanism and the other end attached to a bottom
20 plateoftheaircircuitbreaker, thebreakingspringisextended
and energy-storedwhen themovable element in themake-and-break
unit is inputted and the connecting pin is pulled upward.
Further, in the air circuit breaker, the electromagnetic
operation unit is provided approximately at the center in a

25 frontal view widthwise direction of the air circuit breaker.



Further, in the air circuit breaker, the novable elenents are

i ndependently formed for three phases; and the servo 10 mechani sm has
i nsul ati ng rods connected to the respective novable el enents, |evers
with their one ends connected via connecting pins to the respective
insulating rods, a rotation shaft that pivotally supports through the
ot her ends ofAdhentagpeusi BEfteversf amdemttemhecti ng nmenber
connecting a novable 15 iron core of the el ectromagnetic operation
unit to at | eadsicankinf theaHeyaresent invenkibhheas A Ehe a@ifcuit
circuit breaker further conprising a breaking spring with one end

attachedyt@akde GOWNLELdMnd¥HbOfsrt R TR MBGh @RS AR Eh§irﬁ%ﬁ@r
end attached to a bottom 20 plate of the air circuit breaker, the

br eaki “gséf"%]’}rge& eﬂ%@%@a&“&@?@f%&iﬁ&%%ﬁ%ﬁ%#ﬂ% MmNEDe:y 4

element in the ma reak unit 1s inputte e connecting pin
is pulled upward. Fuyrther, .in the air circuit breaker, the

el et omRBHE T b AT o T IS PORIET SpEPOEAED TaE FhB Bo
center in a 25 frontal vi ew widthw se direction of the air circuit
br eaker . 908N gRAN CAFed R R E@NE BrefhvBAtIRAAD can be gasHrePng 4%
the present invention, as an air circuit breaker operation nechani sm
i s forned bysebmbi hirigher sieowhel e \andravhiard -sredukedmir circuit

el ectromagnetic operation unit with a 5 pernmanent magnet, the

el ect r oriegete c cqreriat i wrowitiéd can be downsi zed, and a sufficient

br eaki ng speed can be ensured. As a result, further downsized and
price-reduced air circuit breaker can be provided.

10 [BRTIEF DESCRIPTION QOF THE DRAWINGS]

Fig. 1 is a partial cross-sectional side view of an air
circuit breaker in a cut-off status according to an embodiment
of the present invention;

Fig. 2 is a partial cross-sectional front view of the

15 air circuit breaker in the cut-off status according to the
embodiment of the present invention shown in Fig. 1;

Fig. 3 is a partial cross-sectional side view of the air
circuit breaker in an input status according to the embodiment
of the present invention; and

20 Fig. 4 is a partial cross-sectional front view of the
air circuit breaker in the input status according to the

embodiment of the present invention shown in Fig. 3.

[DESCRIPTICON OF EMBODIMENTS]

25 Hereinbelow, an embodiment of an air circuit breaker of



10 [ BRI EF DESCRI PTI ON OF THE DRAW NGS] Fig. 1 is a partial
cross-sectional side view of an air circuit breaker in a cut-off
status according to an enbodi nent of the present invention; Fig. 2 1is
a partial cross-sectional front view of the 15 air circuit breaker in
the cut-off status according to the enbodi nent of the present

I nvent i onhshowesent Bngent;ion willFgde3drdbadpalthate Teossees et tbhaal
side view of the air circuit breaker in an input status according to
t he enbodrarnhgef the present invention; and 20Fig. 4 is a partial
cross-sectional front view of the air circuit breaker in the input

status accordi ﬁ%&?ltﬂf&?zl erRedi i BhHBhi hBE LRI eERE L 1 - NVEM L QN SB9Wa, i N
Fig. 3. [DESCRI PTION OF EMBODI MENTS] 6 the present invention wll be

dosor bese DL BLERETR I L0, USM 003 5 v g8 PR

Fig. 51 | gi e%airetwi (?% aﬁra%srséfreg&igggleaker ina cut-off status according
to an embodiment of the present invention; Fig. 2 is a partial
cross-sectional front view of the air circuit breaker in the

cut-off status according to the embodiment of the present
invention shown in Fig. 1; Fig. 3 is a partial cross-sectional
10 sideviewoftheaircircuitbreaker inan input status according
to the embodiment of the present invention; and Fig. 4 is a
partial cross-sectional front view of the air circuit breaker
in the input status according to the embodiment of the present
invention shown in Fig. 3. Note that in the present embodiment,
15 for the sake of convenience of explanation, the operation unit
side of the breaker is the anterior side or the front side,
and the breaking unit side of the breaker is the rear side or

the back side.

In these figures, an air circuit breaker 1 has a movable
20 carriage 3 having wheels, and a box shaped metal frame 2 placed
on the carriage 3. An insulating stand 2a is fixed on the back
side (the left side in Figs. 1 and 3) of the metal frame 2.
In the insulating stand 2a, a fixed side conductor 4 is

fixed to an upper side, and a movable side conductor 5 is fixed

25 toalower side, respectively through the stand. Disconnection



5 side view of an air circuit breaker in a cut-off status according
to an enbodi nent of the present invention; Fig. 2 is a partial
cross-sectional front view of the air circuit breaker in the cut-off
status according to the enbodi nent of the present invention shown in
Fig. 1, Fig. 3 is a partial cross-sectional 10 side view of the air
circuit BteBRef anf aharspaesseatayeavcaf Braged o-e it eaidsert bhet he
present invention; and Fig. 4 is a partial cross-sectional front view
of the afixedrcula condakerridnatfidhenparaistatsisiecacenddengriso t fikese
enbodi nent of the present invention shown in Fig. 3. Note that in the

present enbodhnestiodbciopstbeasake ©fn coavemnsenced ofurxpd anat £
the operation unit side of the breaker is the anterior side or the

front sigesnhangsthRtbsrakhnebiiaht sdde afi gbhe b eakesuie, the keakq
side or the back side. In these fi'gures, an air circuit breaker 1 has

a mowabl e; 20 carslags: 3 hayl RacMIBsLE) A0MhE bgtshaRed: el al ! Lage 2

pl aced on the carriage I'ng s i Xed on theé
side (the.left side.in Figs. 1 and 3) of the net frame 2. Ip the
Thoul st 1 Tt Sehhd Rkl | rdsr ES kRt cor aCEabE 4Bt s aRchpLS
side, and a_novabl e side conductor 5 is fixed 25 to a | ower side,
respect i Vol FreRrdbBgernal de s ik eohPRetSisle brs on the panel side

by changing the pull out position of the air circuit breaker
1 with respect to the panel.

10 A support member 8 is fixed to an inner end of the movable
sideconductor 5. The supportmember 8 isprovidedwithamovable
element 10 of a single blade-shaped plate type conductive member
with one end side (rear anchor side) rotatably supported with
a rotation shaft 9.

15 Stators (fixed elements) 11 (lla and 1llb) electrically
connectedtothe fixedside conductor 4 andrespectivelyarranged
to be in/out of contact with the outer side surface on the other
end side (tip side) of the movable element 10 are provided on
the inner end of the fixed side conductor 4. Themovable element

20 10 is rotated oppositely to the stators 1la and 11b about the
rotation shaft 9 as a supporting point. As a result, the tip
end side of the movable element 10 is inserted/pulled in/out
oppositely to the stators 1lla and 11b, the input/breaking of
the air circuit breaker 1 is realized. In other words, the

25 movable element 10 and the stators 1lla and 1lib form a



clips 6 and 7 are respectively attached to outer ends of the fixed

si de conductor 4 and the novabl e sidegconductor 5. These

di sconnection clips 6 and 7 can be inserted/pulled in/from bushings
(not shown) on the panel side. Asa result, the fixed 5 side conductor
4 and the novabl e side conductor 5 in the air circuit breaker 1 are

r espect i neky-andneceabl et di scdwriec ttdklite Rig/sf.r dmaadpdwehosi déebus and
a | oad side bus on the panel side by changing the pull out position
of the ahsiket+acdtbrdseaker dnw Ebrriespese, howeherpanekhokAASEPYSI t
menber 8 is fixed to an inner end of the novabl e side conductor 5 .

The suppprindesbernd radlR\-gedwiyt by akhe ngl eRBNEakl Sfracehpgl e
bl ade- shaped plate type conductive nenber with one end side (rear

anchor S%Qg)afrga)ﬁﬁetﬁ?{;i{li?yg% Eatlsigsl"!e%?o £ 59! éx?%%%%s%id%?%@#c%s

(fixed elenment ectricalTy connectedto ' xed
si de conduct.or 4 and respectivelyarranged to be in/out of contact

Wi th % he bUtil é EGPrAcBTBA ERe BERer Bt RA aR(Er s % HEY Cof LPRe
novabl e el ement 10 are provided on the inner end of the fixed side
conduct ofh @ cenfeadibas % (kpepbnpe Do 1 6P sanng R ephdsitthsa frentake
stators ha and |l b about the rotation shaft 9 as a supporting point.
As a resuley widthvisedd rsicdd cof isheonnyabée b emeptletOrpmagnet to
inserted/pulled in/out oppositely to the stators ha and 11b, the

i nput / brisakiagcpibédelatsrcircuit breaker 1 is realized. In other
words, the 25 novable elenent 10 and the stators ha and IIb forma 8

nmake- and- br eakotidng Not eyt hiatsfidsing And 13 showdhe drketandrbr eak

unit only for 1 phase, however, as shown in Figs. 2 and 4, the

ke--and= . 1N i t
e SPEHL) SR0RRE AR SOl ke e tRt frele
s for

D ek P g PR oRl M 5 LBy 08 G oo
directiop | SUMreted 10,30 £1 S A RNt et dng % o | Po e er
end of the lever 14 is pivotally supported with a rotatably
supported main rotation shaft 15. Note that the connecting

15 pins 13 are provided in independent three positions for three
phases, the main rotation shaft 15 supports through the other

ends of the respective levers 14 for three phases, and both

ends of the main rotation shaft 15 are rotatably provided on

the both sides of the metal frame 2. Further, as shown in Figs.

20 2 and 4, the respective levers 14 are formed with a pair of
plate members opposite to each other, and the connecting pins

13 are provided over these pairs of plate members respectively.

L so-called servo mechanism 16 includes the insulating

rods 12, the connecting pins 13 and the levers 14, respectively

25 independentlyprovided for three phases, themainrotationshaft



One end of an insulating rod 12 is connected to an 10 approxi nmate
central position on a side surface of,the novable el ement 10. The
other end of the insulating rod 12 is connected to one end of a |ever
14 via a connecting pin 13. The other end of the lever 14 is
pivotally supported with a rotatably supported main rotation shaft

15. Not €13 hatnd he conmedtimy rBngEms 8l Tcameqiriod decdhiafti 3depdndent
three positions for three phases, the nmain rotation shaft 15 supports
t hr ough dhe-ttdielgrends ofed e cespedbievelbewer snddthoriéheeel phases,
and both ends of the main rotation shaft 15 are rotatably provided on
the bot h il desofy #Hgsg‘?t apnd (R id.s bYrtherge AR HROWANIBMFE gSvi20 2
and 4, the respective levers 14 are fornmed with a pair of plate
menbers .opposite . .to C ther, and the connecting pins 13 are

provi dedoegvcgersﬁ%le}%eed %$%robf pl ate nmenbers respectively. A
so-cal l ed servo nechani sm 16 | ncl udes ,t he i nsul.ati rods 12, the
connécting pi ﬁ\scﬁ?ﬁéﬂa TR Zzbejr% pfl?,"lld?g{p%%t% 55?9992’?{?%8888%&%%“ y
provi ded for three phases, the nain rotation shaft 9 15, and a

connect i 9 tharax JyReomrdal fgamesRaf t TBESHf CaRcel Be¥F ohtgne? B to
be described later and the lever 14 for the second phase. The details
of the seEreofivesham san howed [pdes des dticherk il ldtray .ca® et i nfotever
2b is provided in a front side upper part of the box type netal frane
2. Thr een£aPa®i10rSy 178 Bahdl 7 ianiedf itted ihg)ansuppeh pastboth tdreds
ceiling cover 2b. Mrre particularly, a band (fixing fitting) 18 with

i ts bot he £nds fi et Wildh& S UPRATind i 11d Na-kAdidd Quidied s engaan
axial 10 direction of the capacitor 17c i's provided along a radi al

O 35 PRSP A AR CEPRE R 3 tagkge The
direction so as to surround the respective capacitors l7a to
17c. The support fitting 17d is fixed to the ceiling cover
2b with a bolt.

Cables (not shown) are connected to terminals of the

15 respective capacitors 17a to l7¢, and electric power supplied

viathecable is storedinthe respective capacitors. Thestored

electric power is supplied for excitation of a coil of the
electromagnet 20 (electromagnetic operation unit) to be

described later. Note that in response to an input command

20 or a breaking command to the air circuit breaker 1, a control

circuit board 19 to be described later controls a carrying
direction of a current to be supplied to the coil ofi the

electromagnet 20 from the respective Caﬁacitors 17a to 1l7c.

As shown in Figs. 2 and 4, the control circuit board 19

25 is fixed to a right side surface of the metal frame 2 with bolts



Cabl es (not shown) are connected to termnals of the 15 respective
capacitors 17a to 17c, and electric pgwer supplied via the cable is
stored in the respective capacitors. The stored electric power is
supplied for excitation of a coil of the el ectromagnet 20

(el ectromagnetic operation unit) to be described |ater. Note that i
responseand matsnplr oypadrk X0dy 28 lor sakiceg véokmmandonoinhelater.
circuit breaker 1, a control circuit board 19 to be described | ater
cont r ol shaaarryl aggdicreci t o akcaicuraeningua bemsupdl oed boethéngoi |
of the electromagnet 20 fromthe respective capacitors 17a to 17c.

shown i NeFia@snd 2 @i o4 dibheaGoRET &) &S UinbtheRbdnl% 25 Hes 1fiikeednto

aright side surface of the netal franme 2 with bolts 10 and nuts vi

a_Spacer csHeh, 2913 yihPer YDl AlL QRIS 200 2 Brsonbinla hogkEabpLt

to recelve an I nput c

or a preaklng comran oma digita

Cl cot onBHREL. 2070 SRS S e RAPghaBe B FRRPL L (£ 17, and a

charge/dischargg t he cqfacitors 17a to 17c, and a relay to_contro
t

ener gi zi RgLaYr

i ke,

TR tHe I K Sl B mignée2601anatt hle

As shownei@cFrgsagnetndl 4, antheld ddthomagrerazkagedanniphe control
el ectromagneti c operation unit which drives the novable elenent 10 is
provi dedcincait appaodi bt ¢hyt cehtwstraposdtion in a front view of the

net al

frame 2. The el ectromagnet 20 has a coil (el ectromagnetic co

30, a coil bold Nnsdvn aidovad e 2 1291 AQr e hd2elackir¥fdght@n20ose 38,
shaft 34, three novable flat 15 plates 35 to 37, a pernanent magnet

38, QN'i@ﬁé&E@&ﬁ&gﬁ@%ﬂ@@p%%%@i%ﬁ%ﬁ@%ﬁ%&@@grﬁgeQﬂHQhé%HHEEél@ﬁ@ﬁ@s

iron support plates 44 to

15

20

25

7, fixing rods 48, and the |1ke.

10 is provided in an approximately central position in a front
view of the metal frame 2. The electromagnet Z0 has a coil
(electromagnetic coil} 30, a coil bobbin 31, a movable iron
core 32, a fixed iron core 33, a shaft 34, three movable flat
plates 35 to 37, a permanent magnet 38, cylindrically formed
iron covers 40 and 42, iron support plates iron support plates
44 to 47, fixing rods 48, and the like.

The coil 30 is accommodated in the coil bobbin 31 arranged
between the support plates 44 and 47, and the fixing rcds 48
are fixed to a bottom plate of the metal frame 2 with bolts
and nuts.

The shaft 34 is provided in a central portion of the
electromagnet 20 along a vertical direction. 1In the shaft 34,
its lower side is inserted in respective through holes of the

movable flat plates 35 to 37 and its upper side 1s inserted

n

As

a

an

are packaged on the control circuit board 19 (not illustrated).

1)

a



The coil 30 is acconmodated in the coil bobbin 31 arranged between
the support plates 44 and 47, and the,fixing rods 48 20 are fixed to
a bottomplate of the netal frame 2 wth bolts and nuts. The
shaft 34 is provided in a central portion of the el ectronagnet 20
along a vertical direction. In the shaft 34, its lower side is

i nsert edinnresspect Vo dtrtmalyghclelsesfofhe eu@bo nmovalite s Uét aptiat és 35
to 37 and its upper side is inserted 11 in respective through hol es
of the stippordl dades 46 aandpédndtHosn sdiicabdt 2o N @heupoandidoihon
direction. The novable iron core 32 and the novable flat plates 35 to

37 are fixed 3D Ak eHemoRALIRNeN 8L pustase’oftd hey shaf tri3dawkbhan
nuts, and one 5 end of the connecting nenber 28 is rotatably

connecte i i 0 i.d fe. t t he
t hree rm(g%%(%g E??%%‘T%g?iess t%@gﬁ at?]!ee %’tht%éfc fegg t%g%zrlhgﬁgﬁéf?ngfn he
| owest novabl e flat plate .37 1 s dowsjzed s s .t.0 appropri at el

cont ol THE HadPeor PRECHVAoIENBaF 1 25 107 T Feiah Sat IRRGHea: 738 2
fixed to a lower part of the support plate 45 is provided around the
novabl e PFdnfeor@e B2 WipRer t hdeorabte i fivhitcot® 32 is moved upward
to be in contact with the fixed iron core 33, the permanent magnet 38
i s brought intTheditrest ngivielpliehdélpérppheey 3F thed hevrabbetiacbadcor e
32. 15 The fixed iron core 33 is fixed to a | ower part of the support

pl ate 47t tdhaeft 3. EhbolbwesTanseshioe fiiegnetliate 65 $badcensi hed
nmovabl e iron core 32 and the fixed iron core 33 may be forned using

pure irofo £ ldLappTbeslia@elihechtkel dhe widerorertcohotBB1E60pALEL I N
menber 28, with its one

10 The permanent magnet 38 fixed toc a lower part of the support
plate 45 is provided around the movable iron core 3Z2. When
the movable iron core 32 is moved upward to be in contact with
the fixed 1ron core 33, the permanent magnet 38 is brought into
contact with the periphery of the movable iron core 32.

15 The fixed iron core 33 is fixed to a lower part of the
supportplated47withe.g. abolt. Toreducemagneticresistance,
the movable iron core 32 and the fixed iron core 33 may be formed
using pure iron; silicon steel or the like.

The other end of the connecting member 28, with its one

20 end connected to the upper side of the shaft 34, is connected
to the lever 14 for the second phase in the vicinity of the
connecting pin 13 with a pin 29. Further, as shown in Figs.
2 and 4, cone end of a breaking spring 25 is attached te¢ an outer

end in the axial direction of the connecting pin 13 for the

25 left side phase (referred to as a “first phase” hereinbelow)



20 end connected to the upper side of the shaft 34, is connected to
the lever 14 for the second phase in,;the vicinity of the connecting
pin 13 with a pin 29. Further, as shown in Figs. 2 and 4, one end of
a breaking spring 25 is attached to an outer end in the axial
direction of the connecting pin 13 for the 25 left side phase

(ref erreih ttieagrant &L retephaskihvieredabectowpn, 12nd ihehethesnead af ew
w dt hwi se direction, and the other end of the breaking spring 25 is

at t ached e Hirke Kol eprphat 25 ofs e ankleal tbriame Rt tWheplohe obviid e
elenment 10 is inputted and the connecting pin 13 is pulled upward,

the bregklng sidg B 2fnks exkendednpande eBREHY - Sb Oi§dilg§@6té;di Gand)
Next, the operation of the one enbodi nent of the above-described air

circuit trggﬁﬁﬁmggﬁggggﬁglﬁg_H@epggigﬁngﬁgg%gﬁakﬂg Miéékiﬁ?c§§¥iﬂ@gd.

In the cu S owmn inF en an I nput coman

is inputted into th ontrol 10 circuit. board 19, based on a signal
from’t he? T oht r‘?ﬁt%ricfeccﬁiﬁnc{)oeé}?f%%fsﬁ%e%o'ﬁee( eEIJieqct r@n‘agnet ic coil) 30
of the electron%gget 20 i s energized, and a netic field is forned
around the coiNex30 tHyo PR YH&Es &fe [WEnRE& i%‘f%’otdﬁélel%_v&&cl &%ron core

32, the fixed iron core 33, the support plates 47 and 46, the cover
above-described alr circuit breaker according to the present

invention will be described. In the cut-off status shown in
Figs. 1 and 2, when an input command is inputted into the control

10 circuit board 19, based on a signal from the control circuit
board19, thecoil (electromagneticcoil) 30 of theelectromagnet
20 is energized, and a magnetic field is formed around the coil
30 through a passage connecting the movable iron core 32, the
fixed iron core 33, the support plates 47 and 46, the cover

15 42, the support plates 44 and 45, and the movable iron core
32. An upward attracfion force acts on the upper side surface
of the movable iron core 32, then the movable iron core 32 is
moved to the fixed iron core 33 side, and the movable iron core
32 is attracted to the fixed iron core 33.

20 At this time, as the orientation of the magnetic field
formedwith the permanent magnet 38 is the same as theorientation
of a magnetic field caused in accordance with the excitation
of the coil 30, the movable iron core 32 is moved to the fixed
iron core 33 side in a status where the attraction force is

25 enhanced. Note that in the support plates 46, 47, 44 and 45,



15 42, the support plates 44 and 45, and the novable iron core 32. An
upward attraction force acts on the upper side surface of the movabl e
iron core 32, then the novable iron core 32 is noved to the fixed
iron core 33 side, and the novable iron core 32 is attracted to the
fixed iron core 33. 20At this tinme, as the orientation of the

magnet i cthe etali ¥ orinbd iwet-h thiee spppoanept atagnet G381 148t blre shiekasot he
orientation of a magnetic field caused in accordance with the

excitatign of driwireoithe3@crbhgthnyghligstrofoclorer 32 icaurevvedntiothbe
fixed iron core 33 side in a status where the attraction force is 25

e”hance%lgpffpﬁ@ﬁén'&‘réi‘%ﬁ%@é’&ﬁétf&aﬁ%"@y e &4BmHAS, 13 the

coil side i.e. the support plates 47 and 44 ‘are thick so as to ensure

the strength Scthes%%i%%ﬁa%{éﬁae%%dtﬁq@eeﬁ!' E%EBRW%;{%E %ﬁefs

magneti c flux he Coi e input opera

el ect r omagnet 20 is 5 perforned,. as own in F t he shaft
50T S R U R U 2R R d i & Potbd o PEnShar CaRinge SBOTEG
25, and a driving force by the electronagnetlc force caused fromthe
el ect r on@lgfe¥d 20519 5 gRseh a3 ek fo e E oriteBEEAY I RENTRF1XB 2 5Thand
driving force is transmtted via the connecting nenber 28

a driving force by the electromagnetic force caused from the

electromagnet 20 is transmitted to the connecting member 28.
The driving force is transmitted via the connecting member 28

10 and the pin 29 to the lever 14 for the second phase, to rotate
the lever 14 for the secondphaseclockwisewiththemainrotation
shaft 15 as a supporting point. As a result, the levers 14
for other phases with other ends pivotally supported with the
main rotation shaft 15 are similarly rotated clockwise.

15 In this arrangement, the respective connecting pins 13
for the three phases are moved upward, and the respective
insulating rods 12 for the three phases with their one end
connected to the respective connecting pins 13 aremoved upward.
As the other end of the insulating rod 12 is connected to the

20 movable element 10 with its rear anchor pivotally supported
with the rotation shaft 2, the respective movable elements 10
for the three phases are rotated counterclockwise about the
rotation shaft 9 in accordance with the upward movement of the
one end side of the insulating rods 12. As a result, the ends

25 of the respective movable elements 10 for the three phases are



10 and the pin 29 to the lever 14 for the second phase, to rotate the
| ever 14 for the second phase cl ockwige with the main rotation shaft
15 as a supporting point. As a result, the levers 14 for other phases
with other ends pivotally supported with the main rotation shaft 15
are simlarly rotated clockwise. 15 In this arrangenent, the

r espect iiveeoxtrmeoppngipehy 4B ther refpechive phalsess drle abdebludr d,
and the respective insulating rods 12 for the three phases with their
one end weNRRetedoh@séhe raspetis Yapoonmeeta nigppiofsth8 ate qipvad t
upward. As the other end of the insulating rod 12 is connected to the

20 novaly,e Alsmant; 1QMAdinidds rear anchor pivotally supported with
the rotation shaft 9, the respective novable elenents 10 for the

three phases gre.ratated countercbaskul sey abaiedhe gbabtanoshald 9

i n accordance w e upward novenent of "the one end side of the

i | ati d 2. As It t 25, of ti
R R e W e S LI
to the respective stators 1la and 11b _for the three phases__f thu%:the
| npUt opaIed B BRLEHAREOR? &1 LGP FOBREREL NG Har e R v

result, a line connecting connection points of the 5 main rotation
shaft 15tudighteddnel4thehecrpaabeninginily 13 PrREFIAREUL Bt FRFRRRE 12
and the novable elenent 10 is an approximate straight line, the
connect ipigs i ironl3 drsl prhey bded Mimgaspupper 2poskt & bway anext ¢eded eatkd ng
spring 25 is always extended and energy-stored during the input
oper at i iy Hgg-he-Add HurGHd tHe hmhgakebpiration of textaiwheireuit

br eaki ng command (opening command) is inputted into the control
cirgyit §L§9% a signal according to the breaking command is

out putte romthe control circuit board 19. As a result, a current

in an opposit %&ﬁgﬂeg}n# 21%531]%@1% éé?&{ér}c{‘g(o%%ﬁitngf IC%%atnlar)Oligh t he

coil 30, and opposI entation to that upon
the input operation is fornmed around %g cok%lgo. és thg nqgnﬁéic
flux causiMErmiohe thf |C°§’6féﬁdc%ﬁ8u 3%?’1’ F Uk SERUEeP T F oM The
per manent nagnet 38 cancel each other, the attraction force on the
axi al to the breaking command is outputted from the control circuilt
board 19. As a result, a current in an opposite direction to
15 that upon the input flows through the coil 30, and a magnetic
fieldinanoppositeorientation to that upon the input operation
is formed around the coil 30. As the magnetic flux caused from
the coil 30 and the magnetic flux caused from the permanent
magnet 38 cancel each other, the attraction force on the axial
20 directionendsurface (upper surface) isweaker thantheelastic
force caused from the breaking spring 25, the movable iron core
32 ismoved away fromthe fixed iron core 33 and is moved downward.
When the shaft 34 is moved downward in accordance with

the movement of the movable iron core 32, the lever 14 for the

25 second phase is rotated counterclockwise with themain rotation



20 direction end surface (upper surface) is weaker than the elastic
force caused fromthe breaking spring.25 the novable iron core 32 is
noved away fromthe fixed iron core and is noved downwar d.

When the shaft 34 is noved downward i n accordance with the novenent
of the novable iron core 32, the lever 14 for the 25 second phase is
rot at ed sloaht el %l kM ssepparttl righ@otwitn viat aheogonibceshaftmdiboas 28
supporting point via the connecting nenber 28 and the pin 29, as
shown i nafch Gshe bANQ 3. 2AS sBokBSYht righe 1exed o 14ak0on t88uDdt Nefhe
phases with their other end pivotally supported with the main

rotati om satd 1l (gec RO YroQkal 69cR CRUN Y0NS votally 1N
t his arrangenent, the respective connecting pins 13 for the thre
phases are noved.do rd, _and the .respecti i nsul.at.i,ng .rods, 12 for
Phe thr ceTfioe ik SEVR"OEre SB ke o o RRaE o 2BE B adgact iAol
connecting pins 13 arenoveddownward. 10 As the other end of the
insupali?@P$ﬁﬁFQ$P?%W%%%nected to the novable element 10 with its
rear anchor pivotally supported with the rotation shaft 9, the
novabl e el enenint fhiissarpeavedent ockivd skl icheonoestiios B8hastld as
a center in accordance with the downward novenent of the one end side
of the ifwswulEtie nthdde mithsEl aAs aovesudbwntvhedendadotht heesesperts ve
novabl e el enents 10 for the three phases are pulled out oppositely to
the respegduVer SRt esss Ll Al tHd frofed hdduwearphasesirt ie e
breaking of the air circuit breaker 1 is perforned. As a result, a

line conngetdng. d ps rRi L S tﬂv%’l:cﬁﬂ‘?éé%i%%é?néQBta'}%.rﬁcﬁye%fd%w%.a

| i ne connecting the connecting polnts o I nsulating rod

the japvabl ¢ el smpal d04aLe dor qed.hn.aqy S8aPe; al. Lhe conngcting pin
13. “The ‘connecting prn 13 1S proviae i a°Fower position, and e

extensi on of the breaking spring 25 is rel eased.
movable element f% J%th %ts rear ancgor pivotally supported

with the rotation shaft 9, the movable element 10 is rotated
clockwise about the rotation shaft 9 as a center in accordance
with the downward movement of the one end side of the insulating
15 rodl2. Asaresult, the endsof the respectivemovable elements
10 for the three phases are pulled out oppositely to the
respective stators 1lla and 1llb for the three phases, thus the
breaking of the air circuit breaker 1 is performed.
As a result, a line connecting the main rotation shaft
20 15 to the lever 14, and a line connecting the connecting points
of the insulating rod 12 and the movable element 10 are formed
in a V shape at the connecting pin 13. The connecting pin 13
isprovidedina lowerposition, andthe extensionof thebreaking
spring 25 is released.

25 According to the one embodiment of the above-described



25According to the one enbodi nent of the above-described 16 air
circuit breaker according to the presgnt i nvention, as the operation
mechani smfor the air circuit breaker 1 is formed by conbining the
sinpl e servo nmechani sm 16 and the el ectronmagnet operation unit 20

wi th the permanent magnet 38, the 5 el ectromagnetic operation unit 20
can be dewnsiized;itahdeaksufdcapmhindteakhaprepead Canelelensarsethe As
aresult, it is possible to provide a further-downsi zed and

| ower - progérat ioi héthinbéwaker the RUM hgmcudecordanert 0 therenfed
enbodi mrent of the 10 above-described air circuit breaker according to
the presgptohuERLiAhe 8f hE1 o RS ity APEIRAE | QR Ofnd Qf?éit:%%ﬁ%%ggﬁ .

breaker 1, a holding power to hold the input position o

el enent i.S, caused. by. t he. per ent _magnet 38 of, t l.ect r omagnet
0. roweter e Ef et e 20 PR R AT EgE ey b tHE hot i ng

force of i%e ermanent magnet 38 maype a force nerely correspondi ng
to the c9 ?Bg?m%%n%?l?h %B‘?"Fh%“f%‘%/{:% %lq’ t3e DY e%ﬁé’i%@l%‘?ﬁq D& and
the wei ght of the novable iron core 32 of the el ectromagnet 20 and
the |i kesupEtetanhdlseaking $pgessrandoe endowwesl -zeAehe Gasiidnedt is
magnet 38 and provide 20 a price-reduced air circuit breaker 1.
Furt her , pssaciels hiec nechainiea Thattdle mrecharsiismd enkdolldweheprnpatair
position of the novable elenent in the conventional air circuit
breaker ganchetopréiledr it is possible to reduce the nunber of parts
form ng these mechani sns and provide a 25 price-reduced air circuit
breaker 1. Further, according to the one embodiment of the
10 above-described air circuit breaker according to the present
invention, after the input operation of the air circuit breaker
1, a holding power to hold the input position of the movable
element 10 is caused by the permanent magnet 38 of the
electromagnet 20. However, since the servo mechanism is
15 employed, the holding force of the permanent magnet 38 may be
a force merely corresponding to the combination of the spring
force of the breaking spring 25 and the weight of the movable
iron core 32 of the electromagnet 20 and the 1like. Accordingly,
it is possible to downsize the permanent magnet 38 and provide
20 a price-reduced air circuit breaker 1.
Further, since the mechanical latch mechanism to hold
the input position of the movable element in the conventional
air circuit breaker can be omitted, it is possible to reduce

the number of parts forming these mechanisms and provide a

25 price-reduced air circuit breaker 1.



17 Further, according to the one enbodinment of the air circuit
breaker according to the present invention, the breaking operation of
the air circuit breaker 1 is perfornﬁﬂ by nmoving the novable iron
core 32 of the el ectromagnet 20 downward then 5 pushing the servo
mechani sm 16 downward and pul ling the novable el enent 10 fromthe
stator 11. As phether ghtcoldlhg tamtabbee nBBdERERL 32 e d€circuit

el ectromagnet 20 acts in the operational direction and added to the

br eaki ng,sgk kg SQ&SEdlﬁgS%ftfiée};ﬁ'%e@éﬁ@kiﬂge&@f&q OEhé her&d i fd reui t

breaker | can be ensured O As aresult, It is possible to provide
Wth a cRRFEE Qféfo?%%%lgena?? L0 U5 BBk 0. SOEEML . PRYURSS, e

of the apove-described air CIrCUIt breaker according.to the present
o5 | mvenE RO b 14 LR T S04 Dot SAECES CRGRREE TAGRHTS 2D Roh

mechani sms 16 for the three phases is provided, and connected wth
the shafPusaipg HicesSef 6 feshagien Do donnwhe dceand palllpastthororaele
second phase, the operation of the air circuit breaker 1 is
st abi | i zetemantd 1hef mumiidre oft afanrt § icambechedieciatht AL 2Beamoeshlé,
it is possible to provide a further-downsized and price-reduced air
circuit breakesrd.32 bFE [GeAEMSEtromagnet 20 acts in the operational
direction and added to the breaking spring force, a sufficient
breaking speed of the alr circuit breaker 1 can be ensured.
10 As a result, it is possible to provide an air circuit breaker
1 in which the breaking speed is ensured even with a small
electromagnet.
Further, according to the one embodiment of the
above-described air circuit breaker according to the present
15 invention, as the main rotation shaft 15 connecting the servo
mechanisms 16 for the three phases is provided, and connected
with the shaft 34 of the electromagnet 20 in the central part
for the second phase, the operation of the air circuit breaker
1 is stabilized, and the number of parts can be reduced. As

20 a result, it is possible to provide a further-downsized and

price-reduced air circuit breaker 1.



1. An air circuit breaker conpri sing: a make- and- break unit
having a stator and a bl ade- shaped npvabl e el enent di sposed
oppositely to the stator and rotatabﬂf 5 supported wth a support
shaft; an el ectromagnetic operation unit having a fixed iron
core provided in an upper position, a novable iron core provided in a
| ower posgthomspppositely to the fixed iron core, a coil to
connect/di sconnect the fixed iron core and the novable iron 10 core

with an el eclf rBONsti & f01Ra1dNd BRSlEReNt magnet o a
capacitor that energy-stores electric power to excite the coil of the

electronagnetugmg@gggkhg fggk“ﬁyﬂghavingﬂ%%ﬁﬂﬁ£ﬁ%% &%ggié?%ggﬁgpégat

controls a carryrng direction o curr supp rom
capacitor to the.coil in response 15,t0.an input conmand, or a
br eaki ng"GEHTHRG LEBPiie N ShACBP ShkS bR Y0 Liknd 8 LOF and FOLEF gLy
mechani sm connected to the novable iron core in the el ectronagnetic
oper &t i oFRRP ¥R d7 brldvE dedPRYBY eShdEL ol ect r omagneti ¢ operation unit
so as to transnmit a driving force 20 by the el ectromagnetic force of
t he el ect r omagaretdledparasdrot imidpara thiloe makée- andibgeakfired. iRon The
air circuit breaker according to claim1l, wherein the pernanent
nmagnet ofoiderekededoiragneaigpe opes ation, dumdvaslPievhdas dipeevided
support plate of the coil so as to be in contact 25 with a |ower part
of the npyabhewikoposoteohefhd Her &Py al @nief 80xed iron core, a coil
to connect/disconnect the fixed iron core and the movable iron
10 core with an electromagnetic force, and a permanent magnet;
a capacitor that energy-stores electric power to excite
the coil of the electromagnetic operation unit;
acontrol circuitboardthat controlsacarryingdirection
of a current supplied from the capacitor to the coil in response
15 to an input command or a breaking command to the make-and-break
unit; and
a servo mechanism connected to the movable iron core in
the electromagnetic operation unit and provided above the
electromagneticoperationunit soastotransmitadriving force
20 by the electromagnetic force of the electromagnetic operation
unit to the make-and-break unit.
2. The air circuit breaker according to claim 1, wherein the
permanent magnet of the electromagnetic operation unit is

provided under a support plate of the coil so as £o be in contact

25 with a lower part of the movable iron core when the movable iron



19 core is brought into contact with the fixed iron core. 3. The air
circuit breaker according to claim1.qr 2, wherein the novable

el enents are independently fornmed for three phases, and the servo
mechani sm has insul ating rods connected to the 5 respective novabl e
el enents, levers with their one ends connected via connecting pins to
the respegti ve Hpsudlat i hgt ¢ odsntact ot ath oths hzfted hatorpicmted |y
supports through the other ends of the respective |evers, and a

connectifng mBRLEE r CONNACH Bged KBRVABEESrding OEeadh 1 ke 2, wherein
el ectromagnetic operation unit to 10 at | east one of the levers. 4.

The air Gld fHlL,REeAkEeACCOrdL AGebRnakAl TySiodidd PEE oERIpIsd ik A

breaki ng'spring wth one end attached to the connecting pin of the

hani d the oth d_at : f
AT i WReaRere TBRAEILPR ThE MAR g Sar g re Byt nasd ard

ener gy-stored when the novable el enent in the -and-break pynit is
i npudt ed- BFREEHE R MER I HFITET S p Ef‘éeor%d(/ﬂéﬁr}g& .ert?éleaiePC{.éL’l rcuit

breaker according to any one of clains 1 to 4, 20wherein the

el ect r onsepEtd tedpba SONBECEANY RN i Fhaee sRssteNerdt BHA g Freds:

center in a frontal view widthw se direction of the air circuit

br eaker .a rotation shaft that pivotally supports through the other ends
of the respective levers, and a connecting member connecting
a movable iron core of the electromagnetic operation unit to

10 at least one of the levers.

4. The air circuit breaker according to claim 3, further
comprising a breaking spring with one end attached to the
connecting pin of the servo mechanism and the other end attached
to a bottom plate of the air circuit breaker,

15 wherein the breaking spring is extended and energy-stored
when the movable element in the make-and-break unit is inputted
and the connecting pin is pulled upward.

5. The air circuit breaker according to any one of claims 1
to 4,
20 wherein the electromagnetic operation unit is provided

approximatelyatthecenterinafrontalviewwidthwisedirection

of the air circuit breaker.



