: e3eSXSTTUSV@ \ X6XTXfp : 5 10 15 “\\“\\\\ Mk WO 99/ 14769 El ect rormagnet i ¢
actuator fCT/N L98/00512 1 4 MAR ention relates to an
“el ectromagnetic actuator for noving asg@wt*act into a switched-on or

sw t ched- 9fd og3iyddee. conprising a contactactuati ng rod) whi ChctAL9I800512
di spl aceable in the longitudinal direction between a first position,

corresponding to the switched-off state, mmm\\m‘ posi tion,

cor r espondi&g:.rbfagrietisvddtalesk on st ate, z“ is madd ©f MAR 2002
magneti zable material and is attached to the .g@é+act-actuating rod, a
switch-on coil, which interacts with the core, a pole piece) which is nade
of magneti zabl e nEherirglentimeh gkelatischiot dratelfaoemagneattici scdiatectzd nowasds
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There are a number of initial considerations which are
important for electromagnetic actuators and deal with the switching
safety and the service life of a vacuum switch employed in medium-voltage
distribution networks:

1. Switching on is to take place quickly, so that damage caused by

25 the contact surfaces burning in as a consequence of flash-over

is limited.

2. Maintaining the switched-on state is to be achieved with a
sufficiently high contact pressure, because otherwise excessive
contact resistance will lead to dissipation between the

30 contacts, which may cause them to become welded together. This

occurs primarily under high short-circuit currents.

3. Opening of the contacts is to take place with a high impulse
level, in order to break open any contacts which may have
welded together.

35 4, Opening of the contacts is also to take place at high speed, in

order to limit the extent to which the contact surfaces burn in

as a result of the arc produced.

5. For the sake of operational reliability of the drive mechanism,
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by the current is oriented in the sane direction as_the magnetic fleld of
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current, itritertmmedle force of the act uat or is suffici ently great to

over come Lhe oPnog NAaLer&epBGe ! i ddrl NG 8L BRE: Off o5l ahgal
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time froRMWiPeRoEHREING FedBensTatad bletheofitit Pf the PEBIANERE SMagReta| isy

cl ose) i schiisf parciblly @lphatited, adyl thhe 4 betira®ing ind8, | &0 ttherafconenyarkabl e
and not relpr odéur#gbk . ThIe ob ectdof he invention is to %%\}ow de an actuator
of the 20 Ve DOTEE PN SRESD LAY SPFAGHIER PieP@Hdv8Rent i oned
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that a switch-off coil is present) which) for th pur pose of noving the
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excited idtteivlefedt 6o edhentaedt ehbbecheagagidtec f iRk when moving these contacts
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,of the permanent magnet device at |east tenporarily, and in that the 30
magnetic flux circuit of the permanent nmagnet device is sepaiq’t fw{dgmthat
of the switch-on coil. OMng to the fact that the magnetic ci'ric he

>per manent and that of the switch-on coil are separat pat h
of the pe?‘%ggﬁgﬁ‘z@rmgnets can be shorter,,so that snaller rra'g%gbgs%wsﬁ

suffice, 35 with the result that the sizé of the actuator can be snuller.
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| asts for Tess en switching o at a sw t ching-off speed
i s reachedtateuef Héenperbacthe said separation of flux paths allows the

switch-on coil torhe diliickhZ80 cQRL B! by adVREEAVEE, ddfMinkhCafthtatMe from 4
MAR 2002 WO 991 14769 PCTI NL98100512 4 according to the invention a high

hol di ng pbiestast &EheEsdatier tfe LG e hER-Bheetatati} tthenpeind BE WYCAd t hat
I nt er ngt i eRalcopedst aanpited aby ahe\¥2tALODdbneeRol beststhivsthabhe another.

el ectromagneti c actuator. in which a 5 permnent .nmaghet,, a novab re and
Ce cor I et ipele i R Sleublotl B £ RaREARARC ARUR I e MiiRR0Fe SRLS
flux is abwihching degtl miwers hethe peivainent timeghetvenhi gteadctnd ds apt air gap

for the figldsuEfinm.t B8ieOtd SeneRigh 838l InaukBich KROWL aGE HAL-Bh ESi1NGE
sufficiently effective. Further refinenents and enbodi nents of the first

aspect of thh@cteptaryefte GHTEPRE ddsey ispeuly ot Hee fantrul pshipi@btactatle, a

secondopaspectgueing ik iANEGH dfekRd @airkon©n thé aghso1agRREE Gracheat or for
noving a contact jnt 0 f SW %fhed-og or switched-off stat e% con‘gri Si ng a
cont act - aBE R PR S G4 WHERR™Y STEPE p1PalBahTRe H'S RBPPOING { Afien8F'Hi L€t i on
bet ween aifitet spioshedosf,f $bavor(mespordihy dfo {rfersalighddidfibnst stigechand a

second pogifiQn;, Ort%ﬁg&%réﬁk{ég ett-%.S f‘e‘thﬁ"\ﬁ]&ﬁﬂgd'ﬂl EPaEr?e aBoflof) W Chyds
made of nagneti zabl e ferial and i5 attached to the contact-actuating rod,
a sw t ch- epntastractiyeiténe inederkrai®swia Bovhe T06r kmea tpat evhdrle ddisvpRRHENE S
made of MagheldszaiecnBieli 8h @ndrefcashighediate fingendhi,Chnd TrabE LG edn20
towards the core, in the first position of the contact-actuating rod, is
switch-on time, i.e. the time from which the current is switched on until
the contacts actually close, is difficult to predict and the switch-on
time is therefore variable and not reproducible.

The object of the invention is to provide an actuator of the

20 type mentioned in the preamble in which the abovementioned problems are
avoided and by means of which, inter alia, vacuum switches can be
switched on or off at a controlled time, it being possible to switch off
the switches very quickly, to switch on switches at a controlled moment
and if required to hold the vacuum switches in two stable states.

25 This object is achieved according to a first aspect of the
invention by the fact that a switch-off coil is present, which, for the =~
purpose of moving the contact-actuating rod from the second position to
the first position, is excited in order to eliminate the magnetic field
of the permanent magnet device at least temporarily, and in that the

30 magnetic flux circuit of the permanent magnet device is separate from
that of the switch-on coil.

Owing to the fact that the magnetic circuit of the permanent
magnet and that of the switch-on coil are separate, the flux path of the
permanent magnets can be shorter, so that smaller magnets will suffice,

35 with the result that the size of the actuator can be smaller. Owing to
the fact that the permanent magnets are smaller, their influence lasts
for less time when switching off, so that a high switching-off speed is

reached. Furthermore, the said separation of flux paths allows the

switch-on coil to be utilized optimally. Moreover, in the actuator



.arranged at an air-gap distance fromthat surface of the core which runs
perpendicular to the direction of displacenment and) in the secongv1 ﬁhﬁi on,
bears as closely as possible against the said core surface) ar E’g
which is d’ﬁ _jwmagnetl zable material, for closing the ma {I ux
circuit o A48 t ch-on coi t hr ough th,e pol e piece and the core an IS
characterized by the fact that a | ocking device is present whi ch acts on

the cont aggcoqsm@ttbnaqg qmeaaomerﬁgwadang dRekeds sk ghewn@n

contact-actuating rod assunes the first position and IS un ocked
after a pyeidebed®ngtrSeri od after the instant at which a 30 current is
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cont act - apémmahéng magaoet, Tlaenawbeat«tcme aisd basecbids hoc kishg. tThes nottivaeopart ,
in 35 parjjc r..th Cc i d th fu in.t first
posi tion, Eé) 3%9 htee §Ie‘§ﬁ]ig Q%aitac %”%td"ra?‘g%‘%ﬁcg% )E)w I gl“{:% %{ ed SV '?gﬁ on coil
pr esent ummﬂan@tlfre mageeth yhigh FCLehs apupi e Ber| Sors ghe |fe|eéd$ ffr‘em thee cpbli.| e

part to siard LQ,10VeniSMRSIALSkYaieRs the gepdslcmgmd@/le?eeataven' ocked. The
i nstant at whi ch the novenent begins is then determ ned not ~ MAR 2002

WD 991 14769 PCT/ NE%‘P}U’(%‘_LQf igegents, @nd gubedimenisepithy £ h“stthés%%tt eh-8 coil
but rapheindntidie a8l @sdcrDigedfint bike IsabKidighisdevi ce. Further refinements and
enbodi nent s of the,}”iﬁr%%ntl on _are descri be n.subclains. 5.The invention

will be explained P gefalffeDhel BWS tk\ee?'éveé’r’i(’fgn s &Pa%‘ ngs, in
whi ch: Fi gleckreimpnetic settator dbompviihg saxqost@rft tiheo aac'suatahleg -srodrof t he

actuator 2acoanding et 964&6 wa?%tsmgé @ox%gtsméu%*egﬁ%m : 4, Shks of the

associ at ed contact ; Snows a side view o "actuator in the
sai d stat élsﬂilaaeabéesh’@)v@eal%}gas%‘dt‘&:‘t PEFEQAPB R veeRe 2adinek oPsiHionhe

swi t chgd- eorrebadRIingNEb fthg- swh cehewsord sidl ,VheWa0keddi pediabpr shown in
Fig. 3. Fi 5 shows ction ga(?ﬁ]g]the axi s of the actuating rod of 15 an

as
enbodi rrenfgréﬂesf’?fehaét tatt EF LG £52%%he i TRFENt YHIFD A4S 1998€sH t ched of f
state of nlgmeassdidiecahackeréahtact 1anm:tlaahemg:oanheIceﬁtasmgﬂ@etmﬁgIﬁﬁkl a9

devi = ; th
evi ce; gvgitfg %t‘%‘é@]i L g8 M aWadfs Lieh %%%Uté‘%] 2, §hr9VY% ce. vr%ldél Irrgnt of

said state; OMB a Cross-section roug ano er e
t he act uanage aédtﬁgaehgquéetweir‘n@ermdonf wmctlh'élasf,m(eehedldn ist direchad

havi ngoa pB¢dasi gl cbpékllngtmwleea p%ggu& ShOWR BoStAe-Yi QWL ie 1A, is
actuator shown in Fi gure graphs of the swit %I on current

of a knowATEBEdHr 2B AR 15&6‘%\‘3‘% 55? q‘é&c%‘f dEfg 2o thReFarRvEHtGhoRUnss a

functi on pérgentitcular to the direction of displacement and, in the second

position, bears as closely as possible against the said core surface, and
a yoke, which is made of magnetizable material, for closing the magnetic

25 flux circuit of the switch-on coil through the pole piece and the core
and is characterized by the fact that a locking device is present which
acts on the contact-actuating rod, is moved into the locked state when
the contact-actuating rod assumes the first position and which is
unlocked after a predetermined period after the instant at which a

30 current is supplied to the switch-on coil, which period is greater than
the build-up time of the force on the contact-actuating rod which is
required to overcome the opposing force occurring in the first position
of the contact-actuating rod.

The invention is based on locking the mobile part, in

35 particular the contact-actuating rod, of the actuator in the first
position, with the result that a current can build up in the switch-on
coil present until the intensity of this current is sufficient for the
mobile part to start to move immediately when the locking device is

unlocked. The instant at which the movement begins is then determined not



.The enbodi ment of the actuator according to the invention which is shown in
the figures conprises a contact-actuating rod 1 which is able to nove the
contact 2 into a closed or switched-on state (cf. Figure 4) ang farMAR 200207
'switched-off state (cf. Figure 2). For this purpose, the 3

cont act - ad¥Q8¥1416°rod i s nounted so as to be displaceabl e |HCF%493’°°5‘2

| ongi tudi nal direction and can thus nmove “between a first position)
correspondi ng to the switched-off state of the contact 2, and a second

posi ti on) WoFPeSHERIR NG PP THE ThittEnEH-S6R- %t sPL duty ﬁ%t‘l%n‘f%lctf‘eZ In this
enbodi mentunlbéliEngost agie Eocu&ngcc@rmedat ed in a so-called "vacuum 35
bottle". Further act 0 resent in the
actuator, which rsnr;[!r:lfﬂnth %mesnvmt c)Cplmtel%e of %i‘ "CENE AL aﬁe(cf
Figure 4) d%srm@premlaims pr essi ng t he contact pieces of the contact 2
agai nsts one anot hefhd RnP&fbnt §1100H&1 dkpl BEnLe $h MRl eCOM A bALESIEE- WO
99/14769 6 1 4 MAR ZOQZ PCT/ NL98/ 00512 Moreover) this contact conpression
spring 3, TeACEINCE & tendteyRest ate*bic he contact 2) prel oads the

act uati ng rod 1 i nrighe 1délicaet hogeddlion tadohg Idle RO bFOfhe Acamrcené rodhiogh

interacts et of s tcho coils 5 atl a hed. t
cont act - act a??tr‘ilﬁ PEALOTTHIE &0 4P EnddPp o’u"ngh 8?%‘1-828 t"E'r§8l 8f fh&ce
6. The corsssanthtedecpaiagtpi ece are made from rragnetl zable material . I n the

First Rsiti on. naggly o gt EHRCHRLT oF BS BLuller SOMAC Lty Shig 1

shown in Figure 1, those surfaces of The core € plrecé 6 'which
face towards one aFis- hérSWeaaW%iSrsemlg'apﬂd'Pssfar’F@e thBe@WNee\ntbﬁem VWhen
the actuatgQf;cbifed-@nbsed@veshd romthe sw tched-off state, the first position
of- the contact - actuatlng rod 1, which is _shown in Figure 1 into the

swi t ched- on st at e, Ftére "sRBFA2 oS YHY 6f e 2EBIREE Shanuift ifig - r dd 1,
whi ch is shown i n Figupesitjwst hesseationfaloog| thebakis @X‘ct}teadcflmtlagsh@i of

per | od)s Wt 41 S LER! de LHBtadiin,d5 oB0LRA:T 8, TRYCLLLAIRLTS, LS. BOL puplce

6 until-the facing sur aces o s core an oIe piece bear
as cl osel yofa"ssb%tsaspb'l ‘eheagawrsltateﬁezoaﬁmmer\d fﬁ@/lagr@s@llectmheglmtelcoael@ang
spring 3 |‘§e\,llgn@ded further) as shown in Figure 4. Since energy efficiency
consi der ati ons ave I eg a short 20 excitation duration being sel ected,

the actuating rod hd¥&: S'b‘e"shél #9en vt oL ebhdcPiori She'Botthifes -t - tiie
force of tte sord achtepnpr eSS| on sprl ng 3. For this pur pose a per manent
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per manént magnet s on o
runs in thectupbers\aecerdiag te rfé@t fmrentéort.hénaidies sef tdhied-aretsuaté regpdr bdvmg

These per naRgRta RGN Sokidg i ddgkact With an armature 8 which) in the
enbodi nent shown) corrprl ses two arnmature elenents 9 which run transversely

to the axis of thef3&t FafiqMy Potrdsniiey @fntfe of PGthomaghreri Yabiieurat &r pad .
As shown in Figurersy. Dheh@aclgaphngfr ot seitwl- dnld’hrtrbﬁt DHi & alireimOAc Sladbe,

t he segond tion of 30 the actuati .S Figure 3)
by rrea(r%g ?“%Oﬁ*é 4t taf:gc HoonBetiid ih att p}genalélr‘{%?lﬂm? %%c? tfH'é tarPPra?fL&éer enent s
9. In Figure 3, th’éhambedmeed qfaqhetacrx@tw accoudiing té the tivegraomadhichal |y

i ndi cated fy smotha fﬁ%@% téemalsege ac%qtaét%cag&,;gk&dOE Gl Lt ap1

only drawn 1 n for the ri per manent magnet e nmagnetic
circuit ofta H@V%W’@OF?@%M 3 Jd’itag"r‘ FAREed Cal F‘quchﬂil‘c(at ééa'éml(yforFllgHee L')

ri ght - handarsd €8 dpent B duii BEndd-ofhesceke(dar rw§gm\eh2ph F@f‘ethtlg ﬁ%ﬁ&%cr%‘ed

bel ow, ﬁnsurethat t he rra? (gtlcflux circuits are ¢
clear BHat PWBHAFIEEF S FOK 15 PRUIES §9 &5 tof etﬂbs@\ﬁc%t?’reoh“c"d}q s 5 and
t he per manmiigitedimel diteceespenti v@l Yhudmdve BADWOO 1A 6 7 pdsHeiMAR 2002

~C-I-m‘galo'&)rrespondlng to the switched-off state of the contact 2, and a second
position, corresponding to the switched-on state of the contact 2. In
this embodiment, the contact 2 is accommodated in a so-called "vacuum
35 Dbottle".
Furthermore, a contact compression spring 3 is present in the
actuator, which spring, in the switched-on state of the contact 2 (cf.
Figure 4), is compressed, thus pressing the contact pieces of the contact

2 against one another in order to obtain the desired contact pressure.



.conpl etely separate from one anot her. The permanent nagnets are disposed in
such a way that their attraction force is negligible even with an air gap
which is smaller than 0.5 nm As a result, they will not affeqgt V\ﬁﬁR 2002
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sensitivi tiyurmfxert hassshawhinfFiguregh.coil b can be affected (cf. flux path
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sl ow swi t chi ngof f acti on. isis aresult of conprom ses bein
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state. 2. 4l EkeBbrOllestPEethandne GRlshBUMhS | 17 2hk OfhAL LA, per manent
magnet _owi ng to separate nagnetic circuits and the use of e double air
gap foP5théinserinment thmghet iaf &he agthatirg Tek lselere aspuwenbimagnets 7

i nvention irﬁ:e%é@d atlesdarp@rtmzlaasmueﬂ 3 rPicht adHb8a Bkdntab wn\ YGRS es QN
in Figures 5-8. It should ted that t he gventlon can be e n%)lo ed in
e‘ﬁb‘t?

any type - (o1 =Yoo e 0 4 REhrErsYarechttt0atdt atde Rldithg o1 eLene
i nventi on wdid ahd isseshain from thagnétigabds corplalsess ashoont AcFigoteld, voerod 1
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corresponding to the swtched-off state of the contact 2) a second
posi tion, B¥r Pe¥sdRdrhdrasaetife fdwr tcél‘i%‘dlfoﬁlst%tdéaﬁt‘a't"t@él‘é‘t‘iﬁb’aét’d%atpﬁ Bhi s
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coils 5 is dlagrammatlcally indicated only on the right-hand side by the
line I. The yoke parts, which are to be described below, ensure that the
magnetic flux circuits I and II are closed.

It is clear that the magnetic flux circuits I, II of the

switch-on coils 5 and the permanent magnet 7, respectively, are



25 Figure 8), is conpressed, thus pressing the contact pieces of the
contact 2 against one another in order to obtain the desired contact
pressure. Mreover, this contact conpression spring 3, in thisj $\/\M¢\Rhm?on
“state of the contact 2, preloads the actuating rod 1 in the direction o

its first WWO9P1476%h. 30 A core 4) which interacts with a set PETN®BOEH2 on
coils 5) is attached to the contact-act udt i ng rod Z. These coils 5 surround
the core and | e piece qn The core and the pole piece are nmade from
magnet i za61°8pﬁ%tt%gP’i%p.arf’ﬁetﬁ@mf?'}esfm%%rfi on, nanely the switched-off state
of the contact 2) THd phrnaheshovegnets Firgudtsipped hoseushurd agesxhat their3d5 core
4 and the | e..piec i 0, ds,. a \/ I
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swi t ched- 1.6 Brathe, atiesul iy dheposildi oet ¢f fetle the rawidching9&f innyepert Pf
which i shWiacdyachhgure 5 into the switched-on state, the second position
of the contact-actuating rod 1, which is shown in Figure 7, the WO
99114769 9 ~ ~ BAR™GE2TISEH KR IPEOLEMD 86tUdIPTE0ithe Boiding iStel ¢horthe
short perigdnatddt Betdhlingstd tthkhatvehborcahecH, iis treyedbvédiwantsiike 0l e
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to the forkaldéns teuer gthigetisc dhpreesi bislsppi sdpigvedomhenisyipehifsseff g the
per manent ﬁmm@é poRME (‘{%ri Se ma;évhgﬁé_;i/_em Na@ftf‘%% io?htﬂc};e saﬁrtbgcihg&?mft ﬁ]h@é‘\ﬁént.
conpri ses e per manen] nets 7. r ou irection_o S
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whi ch, [in ' ) ' a e i,ch run
Fr anovbl sels), SEERLY TR ang I gaf AERERAE Ao B SRS iR BRELS, Somdle
magnet i zabfisappeans ety A8PE5HeWn in Figure '7, the actuating rod is held in
the switched-on st@i€ mabheriseeond cRe&ItY ANoPfenkhgyiachust icdg1d O rlns Which i's
shown in Figure 7) by nmeans of the attraction between the nagnet 7 and the

)
armat ure eMEREER PG CoRP B gth%e P7LE RS SO E At BY ¥altfitetPe flux circuit 11 is
di agrammati cal |y | midé petreshdmy Regneeadssiak as caBdipreeti8ed iwia€h aflthx-E@idahbe
sake of,.clarit i.§ O dr.awn .i.n Far e.r.ight - hand per t gnet 7.
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on the ri gematarel ediedenthy-the line 1. The yoke parts, which are to be
descri bed bel ow, epsaffabhal thBeydi@INAS idnal LhEX pEh -Gl lisnde Fﬂ&ésl arep
closed. 25 It is_clear that the ma%netlc flux circurts |, Il of the
swi t ch- on %5 PEO%1c5A0a% e S pRF fa iRt Ynagn ey, thess phe tov &PRBerafY O6RPIFTel y
separ at e fadjusenentdanbétieen tie apergapsedt amaghets are di sposed in such a way
that their attraction.force is,negligjhbl ven with an air which is
smal | eragt han 30 O. mﬁ%%er%\%&d ?ngu tr? éhaé]? \?\Elef Nl aho F%% enfcggé)scv?amfnéﬁiena- of f
novenent o$ingle weittuatore ahd ouatwEs elewerthbeknponponEsitedtr 8) cotrechddali ng
system of Hl{ceai? Ua,Qk %%ﬁ@é@'i pi&d 0§ B EPAIIONh YL £0)a113 ! PRafiyBAd ment
which is preferably to be used, conprises the pérnanent nagnets 7 and t he
ar mat ur e 3%iksPERPhithap the Fererddanrt thach uetias elREENth8-f | ux of the

per manent magnets tThéGRtGhE558S Sitehd®ArrVEy ahe Ganrcheder EbUX 16 r gnkich 11) .

As a result hol dj n ower which is twice as high is achieve hen .
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 that the for %tl[@’f“a%!aik Son n putER f%%zié/@l%%d&ﬁﬁﬁfﬁ%kPL%Q,QOQh?ﬂ%H-lef
per manent magnets exert on the arnmature when s chi'ng off "dirmi nishes very
qui ckly asendrgyais rgapidedcbnedel senf@ct eepprhggionhepmiged seelepfbeg and, if

. di sappear s,Met%~f AR dby -anTh8aBAAST isGi Eénlerel LHULE | Oof the switch-on coils
5 runs 5 through the core 4, the pole piece 6 and the yokes 10.
35 In the embodiment shown, a shunt 15 is provided, by means of
which the holding power of the holding system and the sensitivity of the
switch-off trip coil 6 can be affected (cf. flux path II1). It should
also be noted that existing actuators have an excessively slow switching-

off action. This is a result of compromises being made between efficient



The permanent magnet device is also provided with flux-guidance el enments
11) 12 which guide the magnetic flux towards and through the arnmature

el ement 9. Preferably) the yokes 10 and the fl ux-gui dance pie el’s é& zbﬁ 10
are produced as a single entity, so that there is no | onger aﬁy BI 2
adj ust nrentwolbetamween the air gaps dl and d2. Furthernore) thdQ@MEI8PO3Ad t he
armature el ements 9 conprise a single uni&8, core and arnature el enent being
connected by a connecting piece 13. This connecting piece 13 preferably has
a smal | er useaofs wheswadriietde neirsiudhs + AN gdpe eod digperringhBluxingg ure el enents
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di sposed i n such X hat on excitation the magnetic field which is
gener at ed @d1a rTé’%Pt yhacies arRersheghed |W,erFreT'H’ atvanteepchai¥ht nagnets.
Excit ati onslieBtiidaghet 0f MikcatAle aathiatonfddooir@iity tbhehes inbediohfartd energy is

provi ded by the co ressr on s r| n easing and) if appropriate)
by an atiditi onal g\ﬁakbh g‘%f &BPYHy " g é@)E%tﬂ'é % Q fth-on current | of a
known actuator is pigit tsedtraimggot‘mspeq:dir nate and the tinet is plotted

al ong the Absci ssag, fly NG 4 ;ulqstr&w off Y bBBfadefc @Et&qn%q’.é Reph Ay nal s

of the 25 switch-on coil andt he swi tch-on current rou he sw tch-on
coil rises slowy BRSREHERNCIRFUE RR a88| the I“F’ﬁeOf{Jrﬁ‘PldQ"r‘?ées%“t g#R dercHhig ent 1,

at tinme ti, has reggjcmet,henagageic lcirodiitch | evel is associated with the
opposi n force whi ch has t(? overcome,. in the vvrtc?ed of f stat

actuatd¥, in order TR® SRGIN taF?P§°%1c9[fuﬁli‘%r’mlvﬁPBmL"héss% Heg- 8h @reag% S‘Af’pSO
the tinme td piktebiswat elidtog- anidiDyenhown ofn Fhigueanbalt I tashaintebe hptede

act uat or bei%i na% Whrvch {:%ntgcts onl Yov& rr{anr nt o cont {acatc h one anot her at
tinme t2. Af T ARVEB PhEXE NS ER O E Ut ERY TYHSedl i€ %3 Yi'se again to the

nmaxi num | evel . TheToppobbdinendr o€ the aepewdentccondiracitor tshesmc‘herxa;sonrwitleh_
alia, the frifdlpn,Q ?é hqgar:éya;oms)lstegea serrnttgbe%fcfwépr,rgngoé heleafh 13500 ch

factors are susceptible to variations) particul ar under the |nflue ce of
t enper &2 ur'e® "IFR féf‘l?o?@“‘faﬁftl %re’mité’sarfdy’sﬁ‘?\fér BrEecheg-am sépppsichyg FerEe Shi ch
correspondgnd én tdipenl By edwil2hed-drites st CAE O gutfd ML . Forf t&gl@hfﬁgﬁ i shd ed

to the switch-op CQibedly Lha®:d Qhudfl S ILRLNG QUEL BN d |inagRl n rise
longitudinal direction and can thus move between a first position,
corresponding to the switched-off state of the contact 2, and a second

20 position, corresponding to the switched-~on state of the contact 2. In
this embodiment, the contact 2 is accommodated in a so-called "vacuum
bottle".

Furthermore, a contact compression spring 3 is present in the
actuator, which spring, in the switched-on state of the contact 2 (cf.

25 Figure 8), is compressed, thus pressing the contact pieces of the contact
2 against one another in order to obtain the desired contact pressure.
Moreover, this contact compression spring 3, in this switched-on state of
the contact 2, preloads the actuating rod 1 in the direction of its first
position.

30 A core B, which interacts with a set of switch-on coils 5, is
attached to the contact-actuating rod 1. These coils 5 surround the core
and a pole piece 6. The core and the pole piece are made from
magnetizable material. In the first position, namely the switched-off
state of the contact 2, which is shown in Figure 5, those surfaces of the

35 core U4 and the pole piece 6 which face towards one another have an air-
gap distance d; between them. When the actuator is to be moved from the
switched-off state, the first position of the contact-actuating rod 1,
which is shown in Figure 5 into the switched-on state, the second

position of the contact-actuating rod 1, which is shown in Figure 7, the
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corresponds e swtched-off state of the actuator. Wwen the sw tch-on
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force occuyhsifi@otatdienfdresticphix torcwdfe Iheis38iapranaaticatlydnihepteddbyl.
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force. By conparison with the WO 99114769 12 1 4 2002 PcTnm-9g/00s i 2
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¢l én
the switChm@Rei@i F1is6 cibclitzed bet terareTk@osad.t ch-on behavi our when

unl ocked can be segn .in the righ t vg iy Bedend, the
unl ock%eﬁg pul se be %dse(ﬁ%etatreéh%? tth@?&t%fg@{% ﬁtut{ 1%%62?%89 f he roesE)onse tinme
of the swiswihelonundilekbneand Thesreragperis @agiete 71 stasReAtS9dY t éreand nore

repr oduci b| the LEsPMSR bhdBnbthd1e case of an actuator w thout
unl ocki ng.°°§&i‘%%q nggprrgrrents t12 ang t12', associated with switch-aon coil

currents whi ch varJheagermanssfi| Pagiets Giigr AneRASPd | ite SHER I UPHIERLt Bifdfher
than t2 angbBetMinChodQ id et aimiet Beers With hinngi Mppnilsichi 1hcuialleckhagy.
Figures 5 and 6 show an e| ectromagnetic versjon of the.locking deyjice.l16)
whi | e 3 guft-@smy- é‘ﬁda8"quﬁﬁst95‘§Few§qnﬁgﬁaﬁgﬁf t\rl‘grsé“flc?ﬁgﬁ?g toglé u(f%c‘)'(‘?ﬁle’r?ltg%él‘evi ce
16. The | oglei agrudevirce 16 shown in Figures 5 and 6 conprises a 15 pernanent
magnet 17 which is. di sposed i kX $hdd20) @S LoflicataddBY dhen
hat ched area. In t 'réCs?\%)'\n%f"“csﬁgeIctigo?}f_éc iﬁo@ﬁ% ?lgn és Oovyh t?‘n F?gt}r_gsseb% and 6) (tahe
armat ure elamentr @cbestivsataithet inveatpon ehirhat dg e ezbodimant ihichi s
sw t ched- OJJefﬁ_m; & £0%TROEE! iconfiisedl thofpeticRer RGBS 7TRgAEIhG Sridtased
across the pole p]] ates 18 and the armature element 9. As a result,
35 elements 9 is formed in such a way that the flux of the permanent magnets
twice crosses an effective air gap (cf. flux circuit II). As a result, a
holding power which is twice as high is achieved. When switching off, the
holding power per se has an adverse effect on the switching-off movement.

However, in this design the double air gap means that the force which the



20 the armature elenent 9 is held in place, as is the associated core ~+
and the contact-actuating rod 1. The | ocking device 16 is furthernore
provided with a coil 19 with winding 20, the core of the coil b&:aMARngz

‘agai nst the oI e plates 18. Wien a current is supplied to t n
coils 5, tWe %’543 tuator is held in the ?ﬁvitched-off state g’%ﬁ\ﬁ{ 8Z‘mﬂ(}gures
g

5 and 6 and therefore the contact-actuati rod 1 is held inits first

position) the contacts 2 act atgdtht%y th sal q, rod 1t %r]ral n‘lfnﬁ epar at e from
one anot heFT ¥ dr "R S uTFENt °F WSl e EEhEPE R llf”ﬁe SV t ch- on
coils 5 i sverpi ddickpy dshebhactirasep, beevmzqrs |lfar$¢ra eppd@tnghé crdyersered feot 30

buil d up, %’f;m*:péa%gabgrs‘ Q,ag{lbqysvm tched off state until, after a presel ected

period fol the switch-on time of the switch-on current) current is
supplied to the Wmﬁ mgeneriss Flpe cdpryit: §) ofthesYErFharR q?aéSa5 F&8Ri t ude

and di rectiRguihb 862 dUcthd Bale tﬂiecéleelaﬂdoﬁhet pagdyarmjanent magnet 17 is
elimnated. Then) under the infl uencg of th e W t ch- on ent fOé t he
switch-on coils 5, ThePeEBHRS ATt HGSr By S?:efﬁ‘ob’é ](‘8"5“ ance
sSwi t ched- cdleati 1in Whivbich hmidenthachagheitsc cflagetbwakide amtuhlneugmrthst ate

of the actuat % w,th clgsed contact 2, is shown in Figures 7 and 8.

r e element 9. ) . . .
However , tfhgs gures show an actuator with a nmechani cal | ocking device.

1 ~ MAR 2002 WO 99P&€If7€8‘9bRCT/tNE98ﬂ@65@ ang ﬁlﬂﬁef‘b‘@ﬁwddeﬂcet ipeces de| B2t ed
to be hﬂngﬁfe Lb@dhcteﬁeaw Lfagi &hbROf 55 heat ek i § UL @offert Qﬁﬁa&;éaamr at

whi ch the nobile parts of the actuator begin to nove. The Tength of the
peri od can‘i@é‘SH&#’]t\ﬁeEe?"fe@ﬁl e ad i 8998- dn @B rdent or may have a fixed val ue.

5 The nechani cal | ggkingméhay, ctaelcﬁnwhu Cdhdi Shes pmbtire BLEWEMRS aNcbrprise a
conprises two_ | ock eI enent s, whi ch rst ositi

f th .
cont act - actEEP i e dSOEn 3G ¥ VBT E’e e%\%%ef"r{elpe]anr?d ﬁ%’?%mfeﬁeg%&‘ntcge?ecat&f’ﬁati ng
rod fixed piecthl®. gbistdomnecGme bbade &B amefieratslyf basred smhbldrherenpodisaent

shown §a {iﬂnlét;)?,'?on thﬁdth% Jg%/e tuhgn(?%ghm%ﬂatw@é@iehénég xed to 10 the

armat ure enent elenent in that casé is in the formof a

grip catch 22 whi chheartppiRR 1§b€i'a‘tt°f‘% ofif nbszst.hem'rlstc@rpﬁf ©8i&ntp2 which

prel oaded, ;4 RithesOShtdueR &hen)khdy ohh@xdmapf&ssh@nnaegweitmg fA41d Thieich is

position of the %él p catch. 22 can bet chan ngg ofh a control device

Bht oy i emege bl fore et aes oS aT Pt L B A RarRl e

auxi | i ary sagneas orExe5xawitonc in mulsbef armcim\edmbadynahif f bvigpowerhe switch-off

el ectr gnet.| e u . &0 dl ff
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state ysupp ing a current fo the swifc col cat c *and
the grip carrrapPiatenghyen addhidoapnbiwatch-f€csrdiggl |y by neans of the

hook- shaped 20 freqneﬁpgs 9f Meesmc@l. 5@t&ﬂe§m Iif o8 £UWhLEAtadtBatbeNssUppl i ed
to the sw tch on coils der actuator, the engagement

t on th
bet ween t hB ‘t?&?éh%]émﬁlt%f’n&rﬁ’zn?tse P ‘?é?‘ﬁe’él“lﬁ’nfl is 8?951:?‘%1@%"% &G pRFLSPR-
supplied to the ausil tler yieetiyat @rvo2bagen 1erctmnewedaltloouhé hergingdscat cthe2?2
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slowly as shown by the SOlld line until the switch-on current I, at time
t,, has reached the level I,, which level is associated with the opposing
force which has to be overcome, in the switched-off state of the
actuator, in order to move this actuator into the switched-on state. At
30 the time t,, the switching-on movement of the contacts actuated by the
actuator begins, which contacts only come into contact with one another
at time t,. After time t,, the switch-on current I begins to rise again to
the maximum level. The opposing force is dependent on factors such as,
inter alia, the friction in the actuator, the switch-off spring thereof,
35 which factors are susceptible to variations, in particular under the
influence of temperature.
The above influences may give rise to an opposing force which
corresponds to the level I, of the switch-on current. If a voltage is fed

to the switch-on coil at time t,, the switching current will again rise



.the swtched-off state of the actuator until a period has el apsed which is
greater than the build-up tine of the force on the contact-actuating éﬁd 1
which is required to overcone the opposing force occurring inl #hMAR 2

‘position of the contact-actuating rod 1. 30 Here too, the perj f finme
can be derVPd'¥1%8m the current supplied 4,0 the switch-on chiqT%g‘i’&(?ﬁé}zhave
an i ndependent, fixed value. The control durrent for the auxili ary actuator

25 or the winding. 20 of the coil 19 could . erived ans_of a
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over come the opposing force in the first position of the contact-actuating
rod 1. Thecadactdlwhdghrangt te dre pREvatedi PY dihp tvabenreors Wtot gRRERCH MY 20

of the &0ibnel AnoHid. oM lski 8EH-h aiiR! bbhi @atisORsREi MEQC R8BI e &abehber) be
WO 99/14769 1 /f 1 ~ MAR. 2002 PCT/ N L,? /OOSE%FS%%M | ?d to th(—;itgutptg%bI of the
conpar at oris TReFHLTENBBH IER tani t to- ¥ ' Ked” géFi G P! t Tife et itare "8G t ch
(not showngwideh-&e visedishayi-ng,a soi xiedk, theedeitelfinnedng aay ochrgf abd i, ndéthe

| ength of whi b I eq,l . WM e i.derati

descri bed Ié‘?g\%gl.’g]%{]lg ﬁd cﬁ‘rr%()g%‘t gﬁbln‘gﬁgt% g{et e %\%%Mﬁhpﬂ%&s&mﬁ%cr%} gﬁﬂ (;aohlr ?gﬁﬁeﬁ or
the swi tchm@nveoy! sof thite atic ulkower Vo3 tag tthigeshidghaem cuheerdnd ©fllowe. Bri od

of timpoMaysLYeNetdmpiaf t@e EHRRRBNatRl WiaCladnBE BiMel ChE QANnCE IeBhL A%
reached its maxi mum | evel. 1 4 MAR 2002 15 CLAI M5
the graph that at the threshold level I, the actuator begins its
switching-on movement at time t;,, while at the threshold level I, the
switching-on movement is started at time ty. It therefore appears that
the switch-on time of the actuator is also dependent to a considerable
15 extent on the switch-on voltage.

The relatively high variation in the switch-on time under small
variations in threshold level and/or supply voltage for switching on the
actuator is reduced according to the invention by the fact that a locking
device 16 which acts on the contact-actuating rod 1 is used. This locking

20 device is moved into the locked state when the actuating rod assumes the
first position, which corresponds to the switched-off state of the
actuator. When the switch-on voltage or current is switched on, the
locking device 16 remains in the locked state until a predetermined
period has elapsed since the instant at which the switch-on current was

25 switched on. This period is greater than the build-up time of the force
on the contact-actuating rod which is required to overcome the opposing
force occurring in the first position of the contact-actuating rod 1. In
other words, the period is, for example, greater than tg - t,, which time
tg is the maximum time which can be expected under the cumulative effect

30 of mutually reinforcing influences.

The period can be set as a function of the switch-on current
and preferably expires when the current through the switch-on coil has
reached a level which is higher than the level which is required to
overcome the opposing force occurring in the first position of the

35 contact-actuating rod 1. The start‘of the switching-on movement is
therefore independent of the variable opposing force of the actuator in
the switched-off state. In another embodiment, this period has an
independent, fixed duration which is greater than t; - t,. Where t>t6, I

is greater, and therefore so is the force. By comparison with the



. 1. Electromagnetic actuator for noving a contact (2) into a switched on or
5 switched-of f state, conprising a contact-actuating rod ( ﬁ IS
“displaceable in the |ongitudinal direction between a first mdSIMAR)R

- correspon the switched-off state, and a second posit CPN
correspong}id]%”%%‘)t he switched-on state, ;3 core (4), which |'Ls rraﬁw%)?n
magnetizabl e material and is attached to the contact-actuating rod ( 1), a
Swi t ch-ong P tHC Bo it 28 thaM & SLRCckQhecd A 5 gigce (6),
which is alué 6trra neti za%lre rrataerl aS an(c:i of \c/vh:fclS Rat 1?3(36 Which is
directed bm%sﬂlehéwh'&heo'( APilj i prkdlizadsbebisdi-ti on of the
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agai nst t he0 sail t-lor bedgr thae eresporywk gife 1) thavswd bheh-ormadoafingagnet i zabl e
material, for cloging Je?%rlse Q%t h&ct 'F%Sr&érr G T2k %&%aﬁ%ibﬁ% Phrcol |

t hr ough t he pol e piece e core a pernmanent ‘nagnet device (8)
for mai nt &hainegronee &b aett‘w:tcaa% iafgan gt tpaton) wil pheyle uvadedniaep omittcireand

a spring (3lentli £1b RRE! Q2dS R ceadaact cRGl MBI R EOM dubrddts SREMNYary
position, towards the first position characterized in that a swtch-otf

coi | ( 147Sia% TpPekert, tRARFEICeS ol 18 MUCPTISSEE WECHRRA gaphi and t5 which
cont aqo- agiuaitrage rebd §witchidg aonédes seawud 26ckiagition to the first

position, is excited in er o elimnat etlcfleldofth

per menent magnet iFieéruce Zg’]({ags?h% enpoé;iaC%Fémagngg YRat" tﬁetlﬁeaglr?g l|(,g flux
circuit oflevive pér n@néﬂtFlmgﬁrﬁeﬂ é@ﬂcellb&)trlase saepaclamddilo&rﬁrtstxatl of thére

swi t ch- on; g0l ng(@vm% 1dctuator according to Caim1l, characterized in that
an armature 1lem&*nt 9), which runs transversely to the axis of the
actuating rod ( 1T}‘ea¥ﬂfki1§g fisyécorlooshomyAnt Figabee Tendr b fomPrisesoanect ed

to :1 h?|5coaga5%,eagtdarlbag7r QHuimdsg_(ﬂ&plaQédT&rﬁeatf&lﬂi&lﬂﬁ&sﬂﬁﬁh Casl ??@f&‘éé@iedd
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arranged QﬂetMatuxJe %1%1:2@025 he1dNamt B1&a! easide tA8da i @ aSeutd 4Pahe

si de of the magnet cﬁl enﬁ?r%ti ave aurfac«i:g whi ch run

per pendi ciP&rC Ba‘fhé‘cﬁ?@“ﬁfr? é-c RESHE: GaYiSTg Pt (VIHE™RRFch, in the

first posiproonietiner@oh, cdileldtwiah @indigapdi shaneee(o2)thbr emilt beaaingat ur e

el enent ( aﬂ&q @qi:é gjfggeiﬂattgg fggcond p05| tion, bear against the |atter, and
ch- I

inthat thé swt coi | is positioned in a plane perpendicul ar
to the axis of thdihedne gerrert Gétﬂi@’l%@j to thg sgpticlyrent hailsspdethsf t he

f 1 ux- gy d%@&%c%k«eﬂ@me&d(ml%he swikchdl-olr| 4 @3 c0RRRSI L ﬁl%um,e 5a'éﬂ@t6”aﬁd
el errent %? the inner surface of the switch-off coil inline

with that TBPERFO5E thie CRRATERBRT AR &Y ( T)iswheth s it rfé(’:'ﬁ d’°§6ﬁh‘?’bs the,e
cont act - acbheddt8g2 raxtubdsd bdOtik sAcd uator mamﬂigngeia&aebarmﬁoﬁé 3
characterized in at yokes, tch-on coil

f1 ux- gui danclgéL er elr\rgtnetr E?Q_Lf Vi Q? % 1é:':gfﬁeec;r mane € faghet* (’:l%v?§1 SWDT’Cm'gn

si ngl e unickilshb pethwdfloruractioe dictgatar,.Ceeermil, ti® oppdsirnghformet eeredad i n
that the 6Qify (8) @nd LhRaAr IRECoRl GHERL (O £iRN8heE ObeflSiandl € uni L,

core and armaturé elenent being 15 connect y a connecti ng piece (13).
preselected period following the switch-on time of the switch-on current,

a current is supplied to the winding 20 of the coil 19, which current has
a magnitude and direction which are such that the field of the permanent
magnet 17 is eliminated. Then, under the influence of the switch-on

35 current for the switch-on coils 5, the contact-actuating rod 1 can be
moved into a switched-on state in which the contact 2 is closed. The
switched-on state of the actuator, with closed contact 2, is shown in
Figures 7 and 8. However, these figures show an actuator with a

mechanical locking device.



.6. Actuator according to Cdaims§S, characterized in that the connecti ng
piece ( 13) has a smaller transverse dinension than the core 24) and
armature elenent (9). 7. Actuator according to Claim4, 5 or]4, MAR ZUU
ncharacterlze that, in the switched-on state of the con he air
gap (dt) %‘gg9the core (4) and the pple 20 piece (6) |st')%%NL9%?wstt2) t is
not zero. 8 Actuat or according to one Clains 2-7, characterized in that
a magneti c shunt 5 acgonmmd t Li&. | Lreuits (L1) of
t he permanent mag'lile )peﬁmd gfua¥ orﬂa%g(l)%gtler?g%?(;n&g% %e?r é‘gli%(%g’lelﬁg%ld (IL
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contact (2) into a swtched-on or swtched-off state, conprising a

cont act - dPCUSHILRY - PRHEUEFENE OfinPah hpee & SpXet ¥3b¥% in the | ongi tudi nal
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t he core arac erlze IS pres
whi ch, fowhltche iputhbsecagt. rfovifagradhby ddRt deasrasniiciangy rndd%tr?t)edf romthe

Secon@' POl h Odbyt Qctdiftoli #55¢ WROSH thhPbe iaScEXfnkt86hdiN 1686 d8ket 0 €l iminate the
gnetl c field of a permanent nagnet device at |east tenporarily and a

| ocki ng dRAACERPTEERBYG SCPYESENt which acts on the contact-actuating rod ( 1
), IS noved into ke lthekedustet @ swheedt hetccmnéa@htanéw@tfrrgaltedbj 1)

assunes the first 10 Siti on and l.gck r term ned
peri od af“‘t‘ué’rptl{[h" i ns‘flpr PLa °whr ¢ 1\éla',nll(’:u:}‘rfen lb?slgsuﬁ% %5} edeg:\%l 't eh-on
coi | (5),catichc2? pesherl insony eapthen, hspecifiécdidivl Hy w;f—ansncef @hathwkf-@hwdon
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force occurring in the first position of the contact-actuating rod. 11.
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to rotate to the right, so that the catch 21 is released from the grip

25 catch 22. This mechanical design of the locking device 16 also maintains
the switched-off state of the actuator until a period has elapsed which
is greater than the build-up time of the force on the contact-actuating
rod 1 which is required to overcome the opposing force occurring in the
first position of the contact-actuating rod 1.

30 Here too, the period of time can be derived from the current
supplied to the switch-on coil or may have an independent, fixed value.

The control current for the auxiliary actuator 25 or the
winding 20 of the coil 19 could be derived by means of a comparator (not
shown), the switch-on current being supplied to ong input of the

35 comparator while a reference current is supplied to its other input,
which reference current is greater than the level required to overcome
the opposing force in the first position of the contact-actuating rod 1.
The control current for the auxiliary actuator 25 or the winding 20 of

the coil 19, optionally after amplification or processing, can then be



. 12. Actuator according to Claim10 or 11, characterized in that the period
of tinme has an independent, fixed duration. 20 13. Actuator accordi ng to
"Claim10, 11 or 12, characterized in that the | ocking device 1@%‘ 2002
-conprises a permanent nagnet ( 17), which holds the contact- alc‘{ ?ng rod
(1) in itwofM4i69position, and a coil (19) for elimnating REENLPEOGIDf t he
permanent magnet (17). 14. Actuator accddding to Claim 13, characterized in
that a conparator is 25 present, the switch-on current of the sw tch-on
coi | (5) BEPhrdEpprheduteubmd th‘btﬁo"‘t’%‘é\t@éf and a reference signal being

supplied to the ofheaihe BEdindRd mﬁ OUtipEy dhes@Qr Rehdd sCol editéh the
coil (19), 15. Ac>uat or. accor di n aim 13, characterized in that the

coi | (19)(mot hewny of 1 Pepysed thia “E’s\ﬁ E dhaBFefs tarringddrenicdget driffeneidhe
dur ati on.ledg@ti @f Abictatcan becendiog o ddcairfadd® widh ahellonsgbaraxGioasi zed in
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di sengages the |l ock elenents. 17. Actuator according to aim1

char act er§¥&ant haghaeaqhed tohteSEm#edf¥@li s an el ectronmagnetic auxiliary
actuator. 5 18. Actuator according to Claim16 or 17, characterized in that
a conparator is present, the switch-on current of the switch-on coil (5)
bei ng supplied to one input thereof and a reference signal being supplied
to the other input, and the output thereof being coupled to the control
device. 19. Actuator according to Claim16 or 17, characterized in that the
control ' 10 device is controlled by a tine switch having a fixed,

predet er mi ned duration.
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#9 10%GE () the Hild Yosition oP e °éefitacl-actuating rod (1), is arranged at an air-gap distance (d;)
from that surface of the core (4) which runs perpendicular to the direction of
displacement and, in the second position, bears as closely as possible against the said
core surface, a yoke (10), which is made of magnetizable material, for closing the
15  magnetic flux circuit of the switch-on coil through the pole piece (6) and the core (4), a
permanent magnet device (8) for maintaining the contact-actuating rod (1) in the
second position and a spring (3) which preloads the contact-actuating rod, in its second
position, towards the first position, characterized in that a switch-off coil (14) is
present, which, for the purpose of moving the contact-actuating rod (1) from the second
20  position to the first position, is excited in order to eliminate the magnetic field of the
permanent magnet device at least temporarily, and in that the magnetic flux circuit of
the permanent magnet device (8) is separate from that of the switch-on coil (5).
2. Actuator according to Claim 1, characterized in that an armature element
(9), which runs transversely to the axis of the actuating rod (1) and is made of
25  magnetizable material, is connected to the contact-actuating rod and the permanent
magnet device is provided with flux-guidance elements (11, 12) which guide the
magnetic flux towards and through the armature element (9).
3. Actuator according to Claim 1 or 2, characterized in that the permanent
magnet device comprises at least one permanent magnet (7) which is arranged in such a
30  way that the North-South direction thereof is transverse with respect to the axis of the

contact-actuating rod (1), in that flux-guidance elements (11, 12) are arranged on the
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10 4. Actuator according to Claim 2 or 3, characterized in that the yokes (10) of
the switch-on coils and the flux-guidance elements (11, 12) of the permanent magnet
device form a single unit.

5. Actuator according to Claim 2, 3 or 4, characterized in that the core (4) and
the armature element (9) consist of a single unit, core and armature element being

15  connected by a connecting piece (13).

6. Actuator according to Claim 5, characterized in that the connecting piece
(13) has a smaller transverse dimension than the core (4) and the armature element (9).
7. Actuator according to Claim 4, 5 or 6, characterized in that, in the
switched-on state of the contact (2), the air gap (d;) between the core (4) and the pole

20  piece (6) is minimal, but is not zero.

8. Actuator according to one of Claims 2-7, characterized in that a magnetic
'shunt (15) is accommodated in the magnetic flux circuit (II) of the permanent magnet.
9. Actuator according to one of Claims 1-5, characterized in that the spring is
at least partially formed by the contact compression spring.

25 10. Electromagnetic actuator for moving a contact (2) into a switched-on or
switched-off state, comprising a contact-actuating rod (1), which is displaceable in the
longitudinal direction between a first position, corresponding to the switched-off state,
and a second position, corresponding to the switched-on state, a core (4), which is made
of magnetizable material and is attached to the contact-actuating rod (1), a switch-on

30 coil (5), which interacts with the core (4), a pole piece (6), which is made of
magnetizable material and of which that face which is directed towards the core (4), in

the first position of the contact-actuating rod (1), is arranged at an air-gap distance (d;)
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and a locking device (16) is present which acts on the contact-actuating rod (1), is
moved into the locked state when the contact-actuating rod (1) assumes the first

10  position and which is unlocked after a predetermined period after the instant at which a
current is supplied to the switch-on coil (5), which period is greater than the build-up
time of the force on the contact-actuating rod (1) which is required to overcome the
opposing force occurring in the first position of the contact-actuating rod.
. Actuator according to Claim 10, characterized in that the period expires

15  when the current through the switch-on coil (5) has reached a level which is higher than
the level which is required to overcome the opposing force occurring in the first
position of the contact-actuating rod (1).
12. Actuator according to Claim 10 or 11, characterized in that the period of
time has an independent, fixed duration.

20 13. Actuator according to Claim 10, 11 or 12, characterized in that the locking
device (16) comprises a permanent magnet (17), which holds the contact-actuating rod
(1) in its first position, and a coil (19) for eliminating the field of the permanent magnet
7).
14. Actuator according to Claim 13, characterized in that a comparator is

25  present, the switch-on current of the switch-on coil (5) being supplied to one input
thereof and a reference signal being supplied to the other input, and the output thereof
being coupled to the coil (19).
15. Actuator according to Claim 13, characterized in that the coil (19) is
controlled by a time switch having a fixed, predetermined duration.

30 16. Actuator according to Claim 10, 11 or 12, characterized in that the locking
device (16) comprises two lock elements which, in the first position of the contact-

actuating rod (1), engage in one another and hold the contact-actuating rod fixed in this
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k 10 device is controlled by a time switch having a fixed, predetermined duration.



