Description ELECTROMAGNETIC DEVICE Technical Field [0001] The present invention relates to
an electromagnetic device, and more particularly, it is preferably applied to a switch in which an
excitation coil and a permanent magnet are provided. Background Art [0002] In a switch such as a
circuit breaker, a pair of electrodes is provided inside thereof, a movable side rod is drawn from one
electrode to the outside, and the drawn movBQLe&ig%trg%ﬁ connected to a movable shaft to which an
armature is attached. Thus when an exciting current’is energized to an excitation coil of an
electromagnetic device, an armature is driven to a stator side by a magnetic attractive force of the
generated magnetic flux. Then this driving force is transmitted via the movable shaft to the movable
side rod, and a switch is shifted to a dibdikg StAVEGYEhbKinPovie(dectrode contacted with the other
electrode. There are a constant excitation, a mechanical latch, and an electromagnetic latch as means
to keep this closing state. [0003]

Technical Field
[ 0001]

The present invention relates to an electromgnetic
device, and nore particularly, it is preferably applied to a
swtch in which an excitation coil and a permanent magnet are

provi ded.

Background Art
[ 0002]

In a switch such as a circuit breaker, a pair of
el ectrodes is provided inside thereof, a novable side rod is
drawmn from one electrode to the outside, and the drawn novable
side rod is connected to a novable shaft to which an armature
Is attached. Thus when an exciting current is energized to an
excitation coil of an electromagnetic device, an armature is
driven to a stator side by a magnetic attractive force of the
generated nmagnetic fl ux. Then this driving force 1is
transmtted via the novable shaft to the novable side rod, and
a switch is shifted to a closing state by maki ng one el ectrode
contacted with the other electrode. There are a constant
excitation, a nechanical latch, and an electromagnetic |atch
as neans to keep this closing state.

[ 0003]
The constant excitation is used to keep a closing state

by continuing to energize the excitation coil at all tine



The constant excitation is used to keep a closing state by continuing to energize the excitation coil at
all time after a switch is shifted to a closing state and consequently it causes an increase of a power
consumption. The mechanical latch is used to keep a closing state by latching mechanically with a
suitable construction and generally requires a complicated form, and consequently requires

maintenajice SUch a5, 2 aRPGalian of I RGOl 9 B1syeLa driding Aprog ks, - On

the other hand, the electromagnetic latch is used to keep a closing state with an electromagn
attractive foreea@fs peraranent mageiet as descpbeein JorRO0AR4ASA. Winaa theeewieh tsaghifted to
a closing state, an energization to the excitation coil is stopped or energizing current is decreased,
thereby AlRinghg tSsalgetower dorenmptiehoP00g] St aiewdyer| thicedisg prottdarthasir by

permanent magnet having, a |arger electromagnetic attractive force is used, with higher performance of
the perm bt magnct et ABLEorm BRI JbBLATE oRetr tREREA Ikt meGH & Hirgerthan the

releasing. e PEISPIRIOR SPHDO. daRreROmAKINGERHNGDIP & Breakawilpdi ikl ecaketen  On
the other hand, there is a problem that even in a case the permanent magnet having an larger
electromagnetin atiipplive tarceis used, lifudir isotiongprind having agakgessnring prasswierig used in
order to reliably break with the circuit breaker, the size of the permanent magnet will become larger.
Therefor®0&r bBject bPMeWRraseMtinvention is to provide an electromagnetic device capable of
decreasing the electric oweécon umdjéion to hold the closing state, wi reliﬁbl. breakirg]g with the

¢ ./ {0

circuit breaker Ietéﬂ pr%ts ﬁ]rg jﬁa\ readd Bf tﬁ%%?fer 8 difo a%tn dvite €

keep a closing state with an electronagnetic attractive force
of a permanent nagnet as described in JP 2002-8498 A. Wen the
switch is shifted to a closing state, an energization to the
excitation coil is stopped or energizing current is decreased,
thereby allowi ng to save power consunpti on.

[ 0004]

However, there is a problem that if a permanent nagnet
having a | arger electronagnetic attractive force is used, with
hi gher perfornmance of the permanent nagnet, an el ectronagnetic
attractive force of the permanent magnet is l|larger than the
rel easing force of isolation spring, thereby making it unable
to break with the circuit breaker.

On the other hand, there is a problemthat even in a case
the permanent magnet having an |arger el ectronmagneti c
attractive force is wused, if an isolation spring having a
| arge spring pressure is used in order to reliably break with
the circuit breaker, the size of the permanent magnet wll
becone | arger.

Therefore, an object of the present invention is to
provide an electromagnetic device capable of decreasing the

el ectric power consunption to hold the closing state, wth



Disclosure of the Invention [0005] In order to solve the above problems, the electromagnetic
device according to an aspect of the present invention is characterized in that, an electromagnetic
device comprising: an armature which is attached to a movable axis; a stator into which the
movable axis is inserted and which is contact or detached with the armature; an excitation coll

which is P&F‘F%?%%Peﬁgfe Qﬁd\kﬁ“? ﬁf”??j@re_&“ﬂctﬂlatswﬁ?réakerar\/\iﬁ?'ﬁ‘go’k J1ewbichds

e direction of the stator, a permanent magn

compressed by moving o mature in t
generategra Ma@netie é0ree @ Rairtaypa ¢oNtase States of hieadyiratuce akrgd theestator;

Di scl osure of the |Invention

[ 0005]

In order to solve the above problens, the el ectromagnetic

device according to an aspect of the present invention

characterized in that,
an el ectromagneti c device conpri sing:

an arnmature which is attached to a novabl e axi s;

a stator into which the novable axis is inserted and

which is contact or detached with the armture;

an excitation coil which is |located so as to surround the

armature and the stator;

an isolation spring which is conpressed by noving of the

armature in the direction of the stator;

a permanent nagnet which generates a nagnetic force to

mai ntain a contact states of the armature and the stator;

a frame which surrounds the excitation coil and

per manent magnet and forns a first magnetic flux path

allows the arnmature to nove in the direction of the stator

a magnetic flux from the excitation coil and the permanent

magnet ; and

a magnetic flux content regul ating section

regul ates the magnetic flux content of a second magnetic fl ux
path transmtting the magnetic flux content generated fromthe
per manent magnet so that a magnetic attractive force generated

from the permanent magnet is less than a releasing force of

the isolation spring.

which



a frame which surrounds the excitation coil and the permanent magnet and forms a first magnetic flux
path that allows the armature to move in the direction of the stator by a magnetic flux from the
excitation coil and the permanent magnet; and a magnetic flux content regulating section which
regulates the magnetic flux content of a second magnetic flux path transmitting the magnetic flux
content %(ﬁmmﬂmpammwmnmwmwommanmmmmammmmmmemmamaﬁmmme
permanent magnet is less than a releasing force of the isolation spring. [0006] Further, the
electromagnetic gayica@ccordingto an aspeeaidhe presenysviestion icelaraciegized i thad, the
electromagnetic device comprising: a back plate which is located in abuttable to the frame and
fixed to tAS R@RLIAE; &NE Pregerimp Mot isddcated ¢habatilseitd etk back prite and sandwiches
the permanent m wherein the second. magnetic flux path is formed by the

t h the f .
frame abutted totHE ENRE kROBRBREIS, SRVIEeASAIPLh! NO:

a back plate which is located in abuttable to the frame

and fixed to the armature; and

a clanmp which is located in abuttable to the back plate
and sandwi ches the permanent magnet with the frane,

wherein the second magnetic flux path is formed by the
frame abutted to the frane, the back plate, and the clanp, and

the magnetic flux content regulating neans is constituted
so that a part on the second nmagnetic flux path 1is
magnetically saturated nore easily than the other part
t her eof .
[ 0007]

Further, the electromagnetic device according to an
aspect of the present invention is characterized in that,

the el ectromagnetic device conpri sing:

a back plate which is located in abuttable to the frame
and fixed to the armature;

a clanp which is located in abuttable to the back plate
and sandwi ches the permanent nagnet with the frame; and

a reqgulating plate which is provided between the frane
and the clanp and is located in abuttable to the back plate,

wherein the second magnetic flux path is fornmed by the
back plate abutted to the franme, the regulating plate, and the
cl anp, and

the magnetic flux content regulating neans is constituted

so that a part of the regulating plate is nmagnetically



the magnetic flux content regulating means is constituted so that a part on the second magnetic flux
path is magnetically saturated more easily than the other part thereof. [0007] Further, the
electromagnetic device according to an aspect of the present invention is characterized in that, the
electromagnetic device comprising: a back plate which is located in abuttable to the frame and

fixed to tQ%PﬁWQ{L{{Si_ W)tF\ gaf(élggm ;micﬁdﬁ Iqq%e {rh%l?ut ¢ 1q ﬁ%té%qk plate and sandwiches the

permanent magnet wit rame; a regulating plate whic provided between the frame

and the clamp ar;istlpeated in gguttablede toerhgaleplate, devihrieindbesegpng magnetigrflux path
is formed by the back plate abutted to the frame, the regulating plate, and the clamp, and the
magneti@Bpecdntehnt tdigilatingsavans Rvedtistianed Soahar @phardfzied rédulahey plate is
magnetically . :

the permanent magnet is located at the outside of the

excitation coil.

Bri ef description of Draw ngs
[ 0008]

FIG 1 is a sectional view showng a closing state and a
rel easing state of the electromagnetic device at the upper
side and the lower side respectively with making a center line
CO as a border line.

FIG 2 is a front view showing a schematic configuration
of the el ectromagnetic device as viewed fromthe right side in
FIG 1.

FIG 3 is a side view showng a closing state of the
el ectromagnetic device of FIG 1.

FIG 4 is a side view showing a releasing state of the

el ectromagnetic device of FIG 1.

Best Mbde for Carrying Qut the Invention
[ 0009]

Her ei nafter, referring to t he dr awi ngs, an
el ectromagnetic device of the enbodinment according to the
present invention is described.

FIG 1 is a sectional view showing a closing state and a
rel easing state of the electromagnetic device at the upper
side and the lower side respectively wwth making a center line

CO as a border Iine. FIG 2 is a front view showing a



saturated more easily than the other part thereof. Further, the electromagnetic device according to
an aspect of the present invention is characterized in that, the permanent magnet is located at the
outside of the excitation coil. Brief description of Drawings [0008] FIG. 1 is a sectional view
showing a closing state and a releasing state of the electromagnetic device at the upper side and the

e S TRRREYEY ATTMIAECoe e g MR Wi 2 BT Y
1. FIGi duea sideoriew seowingia clesing staie pf e electropagnegc feviee efi [d&. ¢ ew
showing a closing state of the electromagnetic device of FIG
1. FIG 4 is a side view showing a releasing state of the
el ectromagnetic device of FIG 1.
[0010]

In FIGS. 1-4, an electromagnetic device is provided with
an armature 2 and a stator 3 which are contactable and
det achable each other, and is provided with an isolation
spring 4 which is biased to isolate the arnmature 2 and the
stator 3. In addition, the electromagnetic device is provided
wth an excitation coil 8 to make the armature 2 contacted
with the stator 3, and is provided with a permanent magnet 23
to generate a nmmgnetic force to maintain a contact state of
the armature 2 and the stator 3.

[0011]

The armature 2 and the stator 3 are fornmed cylindrically.
The armature 2 is fixed to a novable shaft 1 which goes
through a center of the electromagnetic device and the novabl e
shaft 1 is connected via a W pe spring 29 to an operating rod
30 of a circuit breaker. In addition, the novable shaft 1 is
inserted to the stator 3 via through hole forned inside the
stator 3 and a slide bearing 7 is provided on the inner
surface of the stator 3 contacting with the novabl e shaft 1.

A tubular frame 4 surrounding the armature 2 and the
stator 3 is provided at outside of the armature 2 and the
stator 3. A through hole in which the stator 3 is inserted is
formed at a frame end 4a. In addition, the frame 4 is fixed to

an attachment plate 5 by an attaching screw 6 with the bottom



FIG. 4 is a side view showing a releasing state of the electromagnetic device of FIG. 1. Best Mode for
Carrying Out the Invention [0009] Hereinafter,referringtothedrawings,an electromagnetic device of the
embodiment according to the present invention is described. FIG. 1 is a sectional view showing a
closing state and a releasing state of the electromagnetic device at the upper side and the lower side

respecti &\4 \f\;%@ én%ﬁmg R e&&%rlg gpeas4a P&’H{’%&n&d #e ngﬁl\@{rﬁm view showing a schematic

configuration ectromagnetl evice as viewed from t ide in FIG. 1. FIG. 3is a side
view shopgrg a]closing state of the electromagnetic device of FIG. 1. FIG. 4 is a side view showing a

releasing state of the electromagnetic device of FIG. 1. [0010]
At outer circunference surfaces of the armature 2 and the

stator 3, the flange sections 9 protruded to the outer
circunference sides of the armature 2 and the stator 3 are
formed respectively. An isolation spring 8 is |located at the
outer circunference surfaces of the armature 2 and the stator
3 and the isolation spring 8 is supported between the flange
sections 9 fornmed at the armature 2 and the stator 3
respectively. As shown in the lower side of FIG 1, the
armature 2 and the stator 3 are arranged so that a space
section 10 may be fornmed which allows the arnature 2 to |eave
from the stator 3 at the tine of releasing. At the outer
circunference sides of the armature 2 and the stator 3, an
excitation coil 12 housed in the frame 4 is |ocated.

[ 0013]

Furthernore, a supporting tube 13 is |ocated between the
excitation coil 12 and the armature 2. The supporting tube 13
is inserted into the armature 2 so as to form a clearance 14
between the supporting Tube 13 and the armature 2. A back
plate 15 is inserted into the novable shaft 1 |ocated so as to
contact with the armature 2. Thus the back plate 15 is
tightened up by a nut 16 so that the back plate 15 is
supported by the novable shaft 1. Further, a franme surface
plate 17 is provided at the outside of the back plate 15 and
an outside frame 19 is located on the outer circunference
section of the frame surface plate 17. The outside franme 19
and the frame 4 are fixed integrally by the screw 21. The

novabl e shaft 1 passes through the through hole of the frame



In FIGS. 1-4, an electromagnetic device is provided with an armature 2 and a stator 3 which are
contactable and detachable each other, and is provided with an isolation spring 4 which is biased to
isolate the armature 2 and the stator 3. In addition, the electromagnetic device is provided with an
excitation coil 8 to make the armature 2 contacted with the stator 3, and is provided with a permanent

magnet %(iIlLof %%Qeer? e} @aggeg%fOég(q %@eatrggai? @ecofgr%@% isﬁa&e F]Hﬁeaarg}a%r e% ari%tr]esstator 3.

[0011] e armature 2 and the stator rmed cylindrically. The armature 2 Is fixed to a

movable ghefidhehictwapes thisiugbika centrs okhefalecipmagnetiGdewpe andsigfmovablgphaft 1 is
connected via a wipe spring 29 to an operating rod 30 of a circuit breaker. In addition, the movable

shaft 1 isipdbiteti@o theestdraeB vial tateughthofd fofrned InsitR thé sta@dreRnaha @ slid®beafey 7 is

provided on the inneri’urfa e of the stator 3 ]pontactirLg with the mov blﬁéhaft 1. . AJubuIar frame 4
surroundfid'le diAtlre D ¥hd th8 TeatGHs 185BviBEAEE odiéidddf tHe G mAdire! Hond tHa&ator 3. A

through I'icgeﬁ%gv,vhb@ qh% @r@%é@@e{ﬁys formed at a frame end 4a. In addition, the frame 4 is
p tachi

fixed to an attachment plate 5 by an attachirig screw 6 with the bottom surface of the back plate 4
contactef dloargvith. [0012] At outer circumference surfaces of the armature 2 and the stator 3, the
flange sections 9 protruded to the outer circumference sides of the armature 2 and the stator 3 are
formed respectil8ly aAdiigdIQibn F5ingBNoddledhiGhe DutdrittrcBRFErBALE SuMBEELT tRS
armature 2 and,the stator 3 and the isg tion spring 8 is suppoped etween the gange fsectéclg]ns 9

1G. 1,'fhe

I
formed afthe aHﬁat rg‘ﬁaérﬁndtheaétat r restp\ggtivéﬁﬂ/.tﬁ§ shB8lvn ihfe IGMECLIGE of BiG.
armatures% gn 4p¢ §itog G are aganged s thatg sRaFe SeEtionkkd mavhe fomegtwhich allgws the

armature 2 to leave from the stator 3 at the time of releasing. At the outer circumference sides of the
armaturecd anddoe statara, ahexbitationmgiodtl® hbbisechdh thayrabe 4 istechtbeat[BeE8] t he
frame 4 and an abutnment plate 22. The abutnment plate 22 is
| ocated parallel to the novable shaft 1, is constituted to be
abuttable on the back plate 15, and is supported by the
supporting clanmp 24. The supporting clanp 24 is extended in
the right angle direction to the novable shaft 1 from the end
of the supporting tube 13, is forned by being folded in the
mddle way to extend in the sane direction with the axial
direction of the novable shaft 1, and is |located to surround a
part of the excitation coil 12. The abutnment plate 22 is
| ocated to abut the supporting clanp 24 and screwed by three
fixation screws 25 between the frame 4 and the supporting
clanp 24 from the through holes forned on the outside frane
19, whereby the permanent magnet 23 is supported between the
frame 4 and the supporting clanp 24. The abutnent plate 22 may
be excluded by providing the clanp abuttable to the back plate
15 at the supporting clanmp 24.
[ 0015]
As shown in FIGS. 3 and 4, at the inside of the outside

frame 19, a regulating plate 26, which regulates a magnetic



Furthermore, a supporting tube 13 is located between the excitation coil 12 and the armature 2. The
supporting tube 13 is inserted into the armature 2 so as to form a clearance 14 between the supporting
Tube 13 and the armature 2. A back plate 15 is inserted into the movable shaft 1 located so as to
contact with the armature 2. Thus the back plate 15 is tightened up by a nut 16 so that the back plate
15is sugqqolrjt)gd ;Eyo‘%ee'ﬂf’vat?lﬁ sh[a'f]tel. E t f éranpq: ﬁyrfeipgp@tetw i{s pr9yigﬁg At lﬂge oHtside of
the back plate 15 and an outside frame 19 15 located on the outer circumterence section of the frame
surface piaignkt.iThe eutgide jemerkd aad the tiame Aare Hxeadnieatallyfyghetscred,21.jThe
movable shaft 1 passes through the through hole of the frame surface plate 17 to extend to the outside
and a stdppeati8ds attachbdtvitabh 8looks the&hiftastkhedinadt/gbld Bhdfol b amatiag kied bdok plate

15 at the tjme of releasing. On the other hand, the frame surface plate 17 and the outside frame 19
may be fb ed%‘@;ﬁaﬁy.f(%qzﬁ 1 afhaltdon! AX EfodbPintFIB. Qet;’fﬁter@é}haﬂleﬁf fhaget™3 may be

located gf the, Q?/eq tf):;é?f? F%ggglgégzig% of ttl}qreég:itﬂi%gi)ibﬁz atthg,corper of the rfﬁgleqa éltsfonﬁs to

contiguous to may be fixed between the frame 4 and an abutment plate 22. The

abutmenpplate 22 és locaeredisualial ta the mavablgshak 115 congtituised to e ategtable omghe back
plate 15, and is supported by the supporting clamp 24. The supporting clamp 24 is extended in the
right ang @iré€ctid® tb $he Alsviableusiedt @ohhtde ehdbithe sRBpbItiag tabs UBf iaGermaéEBy being

folded in.the middl t tend in th directi ith lal directi h le shaft 1,
and 1 lobated TS UH 4 Bak ofhe G AL GH UGH 1204 nE i a2 246 ocleaBbut the
supporting glpgwn 2 aathsereyved byjthese fixplien serays:25 Rgtwaest e fams danddae sypporting

clamp 24 from the through holes formed on the outside frame 19, whereby the permanent magnet 23

is suppottéd betaekn thedtaanelbanslitie sugfporting clamgultlihegabplnaerd pl2ag 22aypaylze

excluded by providing the clamp abuttable to the back plate 15 at the supporting clamp 24. [0015]

As showh @ FRIS SD aRé 41 & the iddtebetheldiddldd framiel & lhReiadhg plate 28! @hichd

regulates a magnetic, flux c nt in the magnetic flux path that transmits a magnetic flux generated
L bR el

from the I%e‘rm ngr?tcr%bgﬂet , i€locatd irabifttaore or Rhé Bdck p?a't 95 to be parallel to the

movable ftgh and is fixed to the abutment plate 22 by being tightened by the three fixation screws
25. A regulating plate section 26a at the back plate 15 side of the regulating plate 26 is constituted so
that a width parThea saeaes accafis less shangbatehthededulating platepgaatiensta ofdp@égolation
spring 8 side. The regulating plate section 26a at the back plate 15 side of the regulating plate 26 may
be forme@3o0 &s't6 WeAhfither thart He tAEREss 8f a FHRiIaRRG PRIE @Ecti@ﬁﬁﬂ’ﬁ?of £ isdi8fon

spring 8 si 016] e magngtic fl n te(][ 0 m ermanent magn cizculates in
the orderg ?ﬁh&)@rmghgﬁ-g mgaet%{a% tr%()eé géuﬁegn{%)la g ’Zg}, %%é&%é@ ﬂ;& tr['?e’3 EF‘egg%ulatlérig plate
26, the friame 24, dhe oplgidefrpmend safbthe PeRmanent magnet B3 toplefmemepgongdagagretic flux
path 27b and to act the magnetic attraction force to the back plate 15, thereby maintaining the contact
state of tA8 atnoatdrer2vana tieestargt 3nAgueitiis pdssible tpahhintdifbtheaoldsihg staet evehén a case
of breaking the energization of the excitation coil 12.

magnetic ~ attraction force to the back plate 15, thereby

mai ntai ning the contact state of the armature 2 and the stator

3. Thus it is possible to maintain the closing state even in a

case of breaking the energization of the excitation coil 12.

[0017]

Further, it is possible to occur easily the magnetic | oss

by narrowing the width of the regulating plate section 26a of

the back plate 15 side of the regulating plate 26 than that of

the regulating plate section 26b of the isolation spring 8

side to nake the regulating plate section 26a of the back

plate 15 side of the regulating plate 26 tended easily to be



[0017] Further, it is possible to occur easily the magnetic loss by narrowing the width of the
regulating plate section 26a of the back plate 15 side of the regulating plate 26 than that of the
regulating plate section 26b of the isolation spring 8 side to make the regulating plate section 26a of
the back plate 15 side of the regulating plate 26 tended easily to be saturated magnetically.

Besid_es EI? r@leg}ogﬂofn%gxigm%léﬁ g;_gulating plate 26, the second magnetic flux path 27b may be
constituted so that the magnetic flux content of the permanent magnet 23 may be less than the

releasing force gediedeelationespringn®dO&E8] pr obiesringftartiee pegratians ngthel magnetis, devices

shown in FIGS. 1 to 4 are described. As shown in the lower side of FIG. 1, at the time of releasing

of the mddreetis eleoied, thegneiatwe 2 ivXocaaidin 2pbodiryto ite sanHt3 Vidtire sgacetdeation 10.

In this staﬁ:- when the excitation coil 12 is energi e?tand the excitation coil 12 is exgited, the magnetic
nd

flux 01 gbnéraffadn thé Excitatldn CAMEW, a fod B HBIGNG iTB¥Chiaed By Rthe
order of jhneftame 4, the, guisiekamg 1% 6?%8981“??{3 m%m%%ﬁh%sﬁ%glaée 15, the

supporting clamp 24, the armature 2, the stator 3, and the frame 4 to form a first magnetic flux path
27a and frgpmeignetic flux 0 2 of the permanent magnet 23 that transmits through the second magnetic
flux path 27b also meets the first magnetic flux path 27a. [0019] Then the armature 2 is attracted to
the stator 3 by therRadradticedtradifve I asfited aghetid uxeBANERNE cHOVidFRg tHEOMAgnetic

flux paths 27@ a% 27b {esp ctively. Then agaanown in the upper side of FIG. 1 and FIG. 3, the
armaturée 2'c }n ess]es e scﬁéﬁorﬁjgﬁﬁﬁd ile moving in the direction of the stator 3 and the

armature 2 contggts yyithyhe statoy ganfl dhe Flosing stasy is ghited tp. Ingddifign, i me  of
rel easing of the magnetic device, the armature 2 is located in
opposite to the stator 3 via the space section 10. In this
state when the excitation coil 12 is energized and the
excitation coil 12 is excited, the magnetic flux ¢, generated
in the excitation coil 12 is, as indicated by the solid line,
circulates mainly in the order of the frame 4, the outside
frame 19, the permanent magnet 23, the back plate 15, the
supporting clanmp 24, the armature 2, the stator 3, and the
frame 4 to form a first magnetic flux path 27a and the
magnetic flux ¢ >, of the permanent nmagnet 23 that transmts
through the second magnetic flux path 27b also neets the first
magnetic flux path 27a.
[ 0019]

Then the armature 2 is attracted to the stator 3 by the
magnetic attractive force of the magnetic fluxes ¢ 1 and ¢ »
flow ng the magnetic flux paths 27a and 27b respectively. Then
as shown in the upper side of FIG 1 and FIG 3, the armature
2 conpresses the isolation spring 8 while nobving in the
direction of the stator 3 and the armature 2 contacts with the

stator 3 and the closing state is shifted to. In addition,

10



with a movement of the armature 2, the back plate 15 abuts the abutment plate 22 and the regulating
plate 26. As shown in the upper side of FIG. 1, the second magnetic flux path 27b circulating in the

order of the permanent magnet 23, the abutment plate 22, the back plate 15, the regulating plate 26,
the frame 4, the outside frame 19, and the permanent magnet 23 is formed. Then when the magnetic

device begqriescisingatate. fie pRvemeALel e Amaye Aishlogkedy haing aroageq by the

engaging section provided on a part of the operating rod ecir reaker not shown to

maintainghe cagwressing enemyn{dhe olatwpusriinond [pPa0le 24n adsltiash themarmature 2
contacts to the stator 3 by the magnetic attraction force from the permanent magnet 23 in the second
magneticipepatrs2deto efainfdifcthe tlositdstats eTaudit isrpassiblieo reblize thapbwe? 70

consumption by stopping the energizing qf the excitatjon coil 12 or decreasing the energizing current.
Then wh‘éhrtﬁé}/ leﬁbggé’me'n? of ttﬁl&‘gen Zgﬁb seiont thfa &S&Iﬁﬁﬂ%’&%mgﬁg%l%tm tﬁg’ Cen{rafacontrol

center nof g, the,Famaressing epergy ok t |ia?'éti‘i%,smti'?%gH%geisl?%%‘?%lg"”ﬂlaét%‘% in the

lower side of FIG. 1 and FIG. 4 the releasing state is shitted to by releasing of thie armature 2'from the

stator 3. {0021f r ameha regwiatinguplstedsedtioardbald thahack hatg &b aidecot theagaelating plate 26

is formed so that the width thereof is less than that of the regulating plate section 26b of the isolation

spring 8 sRle. fTMUBBGhen thERBgnehe AuxtdreflonBdn eié fegdlaiing BlateedEBe sdc@pidBagnetic

flux path 27b, the magnetic flux content js re%ulated S0 as to be ma ne&i:allcy sa:(iur ted By the
ag f lﬁﬁ coren

regulatinatp"ilz;t‘é’seét Z%Y?ﬁg'?égu tior} B&n 1 SRY Ratthe ot the
permanegh t %beFﬂ@e%Wg{H}‘”deﬁéf thagdpe spleasing, {aie’ of dhe ig0I1asensPyig & he

Consequently, even in a case that thé performance of the permanent magnet 23 is improved, it is
possible tpezl@biynigolatdtha@robtwd fonn the stator Saikdrrealong witbont inoreasingtthé size of
the isolation spring 8. Thus it is possible to decrease the power consumption to maintain the closing
state whild18usHeBEIRG ThE th@BLSAYf Pl difeof @ AbtPdmaghétitddévice. [0022]  As shown in
the lower 6'{32[ f FIG. 1 and FIG. 4, a clearance may be formed between the back plate 15 and the
regulatinB P 26 at the time of releasing, consequently, it is possible to make the movement of the

armature 2 fastenat o finegef, CIasig af MECh as Provigng e Slepganchethgiebydpalangihe
closing time faster.
the magnetic attraction force from the permanent magnet 23 in
the second magnetic flux path 27b to maintain the closing
state. Thus it is possible to realize the power consunption by
stopping the energizing of the excitation coil 12 or
decreasing the energizing current.

Then when the engagenent of the engaging section by a
breaki ng command from the central control center not shown,
the conpressing energy of the isolation spring 8 is released,
and as shown in the lower side of FIG 1 and FIG 4 the
rel easing state is shifted to by releasing of the armature 2
fromthe stator 3.

[ 0021]

The regulating plate section 26a of the back plate 15

side of the regulating plate 26 is forned so that the w dth

thereof is less than that of the regulating plate section 26b

of the isolation spring 8 side. Thus when the magnetic flux ¢
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Further, it is possible to easily work the regulating section by using a thinner plate than the abutment
plate 22 as the regulating plate 26. It is also possible to exclude the abutment plate 22 if the regulating
plate 26 is used instead of the abutment plate 22. Further, for example, the magnetic loss that
regulates the size of the clearance between one side of the regulating plate 26 or the abutment 22 and

the back il S, may giso PAd" BPattesabyalse magnetcalyn dn %IJ\%ItAQZD“ Fojity [0023]

The electromagnetlc evice ac or |ng to' the present invention can be utilized, for examp e In a switch
such as pgtrpuitimgakema leakgaethreakearugr &fbﬂ?@?ﬁ@magnaﬂég’:lﬂtmt@tﬁ- dBusal istppspible to
reliably break with the circuit breaker while suppressing the increase of the size of the electromagnetic
device, afaaneidce@ddeythe pbweatessubticr® nistgialrethiengosplgadtate S ELNINS L&n

electromaﬂnetlc devuie com rlslng;r;1 alr)w armature which is att ched to a movab#? axis;
regul atio e set so that e magnetic ux cont ent

of the permanent mnagnet 23 becones to be less than the
rel easing force of the isolation spring 8  Consequently, even
in a case that the performance of the permanent magnet 23 is
i nproved, it is possible to reliably isolate the armature 2
from the stator 3 in breaking w thout increasing the size of
the isolation spring 8 Thus it is possible to decrease the
power consunption to mintain the closing state while
suppressing the increase of the size of the electromagnetic
devi ce.

[ 0022]

As shown in the lower side of FIG 1 and FIG 4, a
cl earance may be forned between the back plate 15 and the
regulating plate 26 at the tinme of releasing, consequently, it
Is possible to make the novenent of the armature 2 faster at
the time of <closing as nuch as providing this clearance,
t hereby making the closing tinme faster.

Further, it is possible to easily work the regulating
section by using a thinner plate than the abutnent plate 22 as
the regulating plate 26. It is also possible to exclude the
abutment plate 22 if the regulating plate 26 is used instead
of the abutnment plate 22. Further, for exanple, the nmagnetic
| oss that regulates the size of the clearance between one side
of the regulating plate 26 or the abutnment 22 and the back
plate 15, may also be included in a part saturated

magneti cal |l y.
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a stator into which the movable axis is inserted and which is contact or detached with the armature;
an excitation coil which is located so as to surround the armature and the stator; an isolation
spring which is compressed by moving of the armature in the direction of the stator; a permanent
magnet which generates a magnetic force to maintain a contact states of the armature and the stator;
a frame which surrounds the excitation coil and the permanent magnet and forms a first magnetic flux
path that allows the armature to move in the direction of the stator by a magnetic flux from the
excitation gailhandthe pagpanertsnagnst; and a magnetic flux content regulating section which
regulates the magnetic flux content of a second magnetic flux path transmitting the magnetic flux
content déie2@ked from the permanent magnet so that a magnetic attractive force generated from the
permanent mag[%at is I:%is than a releasilng forée of the isolationﬁ?ipring. 2. The electromagnetic device
f :

according to clalm®, RS RN ~ ADEckDlatBWiHIE Ndcatkq in LBSitadlE &5 H#Y frame
and fixed (@ fBgqgiRtyEranta Giame Wiieh is lpcatsd inghuttaple tg G PREKPAIR L as a

circuit breaker, a |eakage breaker, or an electromgnetic
actuators. Thus it is possible to reliably break with the
circuit breaker while suppressing the increase of the size of
the electromagnetic device, and to decrease the power

consunption to maintain the closing state.
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and sandwiches the permanent magnet with the frame, wherein the second magnetic flux path is
formed by the frame abutted to the frame, the back plate, and the clamp, and the magnetic flux
content regulating means is constituted so that a part on the second magnetic flux path is magnetically
saturated more easily than the other part thereof. 3. The electromagnetic device according to claim 1
or 2, further comprising: a back plate which ig{ogajgd in abuttable to the frame and fixed to the
armature; a clamp which is located in abuttable to the back plate and sandwiches the permanent
magnet with the frame; and a regulating plate which is provided between the frame and the clamp
and is located in abuttable to the back plate, wherein the second magnetic flux path is formed by
the back blatdralgitedtts en@gaaid, ehé eagutgtireppBtd, inddhe clamp, and

an armature which is attached to a novabl e axis;

a stator into which the novable axis is inserted and
whi ch is contact or detached with the armature;

an excitation coil which is located so as to surround the
armature and the stator;

an isolation spring which is conpressed by noving of the
armature in the direction of the stator;

a permanent magnet which generates a nmagnetic force to
mai ntain a contact states of the armature and the stator;

a frame which surrounds the excitation coil and the
per manent nagnet and forns a first magnetic flux path that
allows the armature to nove in the direction of the stator by
a magnetic flux from the excitation coil and the pernmanent
magnet ; and

a magnetic flux content regulating section which
regul ates the magnetic flux content of a second nagnetic flux
path transmtting the magnetic flux content generated fromthe
per manent magnet so that a magnetic attractive force generated
from the permanent nagnet is less than a releasing force of

the isolation spring.

2. The electromagnetic device according to claim 1, further
conpri si ng:

a back plate which is located in abuttable to the frame
and fixed to the armature; and

a clanmp which is located in abuttable to the back plate
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the magnetic flux content regulating means is constituted so that a part of the regulating plate is
magnetically saturated more easily than the other part thereof. 4. The electromagnetic device
according to any one of claims 1 to 3, wherein the permanent magnet is located at the outside of the
excitation coil.

and sandwi ches the permanent magnet with the frane,
wherein the second nmagnetic flux path is forned by the
frame abutted to the frane, the back plate, and the clanp, and
the magnetic flux content regulating neans is constituted
so that a part on the second nmagnetic flux path 1is
magnetically saturated nore easily than the other part

t her eof .

3. The electromagnetic device according to claim 1 or 2,
further conpri sing:

a back plate which is located in abuttable to the frane
and fixed to the armature;

a clanp which is located in abuttable to the back plate
and sandwi ches the permanent nagnet with the frame; and

a regulating plate which is provided between the frame
and the clanp and is located in abuttable to the back plate,

wherein the second nmagnetic flux path is forned by the
back plate abutted to the frame, the regulating plate, and the
cl anp, and

the magnetic flux content regulating neans is constituted
so that a part of the regulating plate is nmagnetically

saturated nore easily than the other part thereof.
4. The el ectromagnetic device according to any one of clains 1

to 3, wherein the permanent magnet is located at the outside

of the excitation coil
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