- 1 - Descrififon Electromagnetic relay The invention relates to an electromagnetic relay, in 5 particular
a motor vehicle relay, comprising a magnet yoke and comprising a relay coil and also comprising a
hinged armature which can be pivoted about a rotation axis and on which a moving contact, as an
operating or switchover contact, is held relative to at least a 10first fixed contact. A relay, as also used
in many Instances as an electromagneticswitchina motorvehiclein particular, is activated by means of
a control =cult 15 in which the relay coif is situgtegl-and-usually switches at least one further =cult in
which, for example, an electric mo.tor,.aE%esgl_lrr\% RUmp Qr. %ft%r%ilso safet.y-r_elevant yghlcl_e .
components, for example a fuel injection system, aré connected. 28 In principle, a distinction is drawn
between monostable and instable relays. A monostable relay requires a permanent flow of current
through the relayieoif (field minding):ie dsderdo pull iarand Bdseo-todhcld tlke 26 amsatuye, fdrrthe purpose
of assuming an%gla&qt@ﬂggthg OHS%E.l%-é.}gi%qSétlogég)A\{). If H’&ﬁn Qwy g{ggrredpt H?algkegg.lpted, the

relay autonomouslgg returns to its inoperative position (OFF). A instable relay can have two different

stable states in AT gifcdRateS B0%NY thérkfore SRAdn AUrRhEPuISETRgeridratediin the
control circuit, Itrswitphes avewrtoithe respectivety othee switchirige statecand: maintadrisathisswitching

state until the ”%&f@ng%p%%?-J}li‘fctl’ift%m%é@%éhe&%m%@é? tq Be agtively agtuated ig,order to

reach 35 a defined,switchin positiog. -2 - rec%uir Egrticularlﬁ}/tin the motor vehiile sector, especially
since power los§d's Sﬁg ol Sartic%?zilr p?e?ﬁfaneln loSSes result i c%)\rfr%sp%%dir?gﬁy el&itéd Co2

emissionslBy thé stor Yekierd. 5dntordér-to provide low-power relays, DE 43 25 619 Al discloses
connecting two relays in parallel in a first phase, in winch a comparatively large pull-1n voltage for the
armature is reqlAiredrng after atge og%rSa-L.ll-Sleqdlo ?L%ult contact isi clo ggl,cceonnegtsing %erxlid two
relays in series in a secor}]d' phase in winch orlﬂy a comparatlverllylow hol Ing vo?ta%e IS required. In a
relay winch is kf\e FroRTBEWA 10 8195A1 Rch in & motor  vehicle  in

particular, is activated by means of a control circuit
15 in which the relay coil 1is situated and usually
switches at least one further circuit in which, for
example, an electric motor, a gasoline pump or often
also safety-relevant vehicle components, for example a
fuel injection system, are connected.
20
In principle, a distinction i1s drawn between monostable
and bistable relays. A monostable relay requires a
permanent flow of current through the relay coil (field
winding) 1n order to pull in and also to hold the
25 armature, for the purpose of assuming and maintaining
the operating position (ON). If the flow of current is
interrupted, the relay autonomously returns to 1its
inoperative position (OFF). A bistable relay can have
two different stable states in the deenergized state,
30 and therefore, when a current pulse is generated in the
control circuit, it switches over to the respectively
other switching state and maintains this switching
state until the next control pulse. The bistable relay
therefore has to be actively actuated in order to reach

35 a defined switching position.

Relays which have as low a power as possible and can be

actuated 1in a power-saving manner are desired or



15 switch bridges a holding resistor winch adjusts the holding current of the field winding of the relay.
As a result of the resistor being bridged, a comparatively large pull-1n current is available at the first
moment at which the field winding is connected. 20 DE 10 2005 037 410 Al discloses reducing the
voltage supply to a minimum, which holds the workingzcontact, in the field circuit by means of a
microcontroller after the relay has been pulled in. 25 In a relay which is known from DE 10 2008 023

626 Al, when th?éalélﬂw_%aup%eﬁt‘&’i{l&f%ﬂ}t by means-of a,swiieh, theelay controller s designed to
control the field current in_such a way that a pull-1n current 30 initially flows through the field winding

c
and, after a pull FPfNE Has elapsed & holing currenfWAieh is shdiler tian the Pt &lrrent flows
through said fieldawindiren t- 3Lomodsalation ot thelcoilaurreat following the pulkinetimd wiien a relay is
controlled. The iyentian issbased:on the,ekjectefispecifying an 5 electromagnetic relay, which is
suitable preferably as a motor vehicle relay, which operates with as low a power as possible, in
particular in the holding mode (ON). 10 According to the invention, this object is achieved by the
features of claint 1. Af@tagesusrefifiéfrontsClersIbments bhdsSvaridtits ate 4%e Stljebtmatter of
the dependent claistsl d5€k0 thismenrd; the gelay pointsla the mevipg 0f SWistchover cantast-and
therefore fOfm\j\;@H%’é‘,d SX%te%"!'Uingnoéé?rEJSP§P§i‘#‘é’£ with oply.a yery jow level of current

consumption. When the field winding is deenerglzed, the moving or swistchover contact 1S held 20

closed by the Iné2actufor2preterably indirectf by iidandrthe Afiged drifatitBHRainst Yinch the
moving carfiact beéarsiinta springsprestiessed meanier indhe ¢ortni oHa spring dcontact2bays

Therefore,althoygh the gelay accorging fo thedpyvention is,geraparable tq,a ipstablg system_according
to the principle of the holdin% mode, the relay coil or field winding is deenerglzed in the holding mode,

in contrast to a COAVEMIBHAMTION0dEBIe YRaY: The'IRer 38actTatbf FEYUIfES a brief flow of current
only when it is actuated, whereas a voltage only has to be applied following this brief flow of current
given an only very small leakage crrrest (haldingcmegde). Sineg thetnezaatyator shereforezoperates
virtually wjthout power.and 35 the relay cail is deenerglzed, the relay according. to the invention
likewise o%erate%w\ﬁﬁﬁglly w]fth%éfe Sowgér ioﬁ?r?ég hg%ing%%dse{.lof 4 -%lec%ybﬁ Lzlcgf;tzcg rel%%esystem

which is provideedsla res it frificutarly- Sitable for relidbie 8diteinghe relay. As a

result of the resistor being bridged, a comparatively
large pull-in current is available at the first moment

at which the field winding is connected.

20
DE 10 2005 037 410 Al discloses reducing the voltage
supply to a minimum, which holds the working contact,
in the field circuit by means of a microcontroller
after the relay has been pulled in.

25

In a relay which is known from DE 10 2008 023 626 Al,
when the relay is supplied with current by means of a
switch, the relay controller is designed to control the
field current 1in such a way that a pull-in current
30 initially flows through the field winding and, after a
pull-in time has elapsed, a holding current which 1is
smaller than the pull-in current flows through said

field winding.

35 It is also known, for example from DE 92 12 266 Ul, to

reduce the power loss in the relay coil by pulse-width



The monostable behavior ensures that the pzezo relay 5 leads to a defined state in a reliable and
autonomous manner in the event of a loss of voltage, in particular in the event of a loss of the
on-board electrical system voltage of a motor vehicle. Since the pzezo actuator only maintains the
contact closure for as long 10 as the actuation voltagezof-said pzezo actuator is supplied in the holding
mode and when the relay coil is deenergzzed, the contact opens spontaneously in the event of a loss

of the actuation yoliage as aresidt of the 1oss; qf the,supRly. ornrbaard electrical systgm 15 voltage.

On account of the holding or inoperative state which is maintained virtually without power, the relay
according to thelihVENHBITS éxtremt@y atvaagebs, S8 particularly in the motor vehicle sector, since

the low power loss is accompanied by a corresponding CO2 saving by the motor vehicle. In addition,

the temperaturerdrvelopment of theirelay Lol of the hybed pgeze relayrsystamn ac¢ordingte the
invention, tgat IS ttLo say the 25 o%eratirg%ﬁreﬁmperawrehis consiql%rgbpg]lower than in.conventional relays

. . e CTrom netl 3 w C 1S S a e rerferab as.
and is approxima §y roomafgmperéiure. l\é’provujies the consideraple advan age o 4 particularly

flexible and variabl&@esign SrihedhstallEtion Bpacefbf the Jrers relay. '80tAItheaghliels kAown, in
principle, to equipaselaywithba piczelactuater (piezeelegtricrelongatone a piezaaciuaterdwhich is
designed in parti r as a piezoelectric bending tranducer, replaces the field 35 winding or coil and
acts directly on the operative contact in the case of said relays, as are known, for - 5 - example, from
DE 36 03 020 C2, from WO 89/02659, from DE 198 13 128 Al or DE 10 2006 018 669 Al. A piezo
actuator vitfich d@cts ondhe dinged anmatune svithi® diredtimechainicat tontactds alseveskdidn a residual

current release which isknownfromRE 41,18 177 Al. Haweygr in,additionof asan.alterpative to a
field winding which surrounds therﬁgmle limb of a U-shaged magnet goke, theﬁiezo actuator serves to

lift off the 10 hinged arMalTa o te Boie'ditake 2 orbBFtoassift A mBehamtaltbturA Spring,
which acts on théevingdd armatirem®.overcome an undesired adhesion force. 15 The Inez actuator of
the relay according to the invention is preferably designed as a (plezo) stack actuator (stack), the force
stroke dir%%tion ?f Win%}.runs gg(riallel toﬂtge rotgﬂgn axis of tr%es hinged ) rgature. In_order to Increase

the force Stfoke winch 20 is generétedtby the Tnez actuitor asa reult 6 beinén %X%u%?ed,%rlever

transmission meédhstis keitably provided, saltPlevérctraistiissién fieand coirbertifig MeSfo?le stroke
Into a clamping stroke fiosteleasably fixisigsas tensionielament wineh i&keld Dinihe dingedo £

current consumption. When the field winding is
deenergized, the moving or switchover contact is held
20 closed by the piezo actuator, preferably indirectly by
means of the hinged armature against which the moving
contact bears in a spring-prestressed manner 1in the

form of a spring contact.

25 Therefore, although the relay according to the
invention is comparable to a bistable system according
to the principle of the holding mode, the relay coil or
field winding is deenergized in the holding mode, in
contrast to a conventional monostable relay. The piezo

30 actuator requires a brief flow of current only when it
is actuated, whereas a voltage only has to be applied
following this brief flow of current given an only very
small leakage current (holding mode). Since the piezo
actuator therefore operates virtually without power and

35 the relay coil is deenergized, the relay according to
the invention likewise operates virtually without power

in the holding mode.



25 armature or moving contact side. The transmission ratio is suitably 2:1, so that a force stroke of the
Inez actuator of, for example, 15 pm leads to a clamping stroke 0f30 pm. 30 In an advantageous
refinement, the tension element, winch is held on one side of the hinged armature or moving contact
(changeover or swifichover contact), is routed by way of its free side Into a clamping gap and held
there in a force-fitting manner as a result of the 35 plezo actuator being actuated. - 6 - The clamping
gap is preferably provided on the magnet yoke. To this end, a slot, winch is produced by a material
cutout and winch runs radically in relation to the relay coil and is Interrupted or closed at a 5 suitable

point by a narrow Wed Wittchds fotmad by tHé hagretydke MatEhal i€ prvided idheé folé limb, winch
is parallel to therttinged arsatoee; tof thvd suitably Lishalpéd niaghet ybkeAs a sesdit istarting from a

rotation or tiltingrpRint\winehs formed by k0; the materialavebaleveraun winehds acted on by the
plezo actuator iﬁgor%‘ued in thae dciireegt{on 8f tggaptlezo actuator alnd %famgin %rn]cof a clamping lever

winch pivots about the rotatich point is formedin the othér direction toward the }:lla(r)nnp?ﬁlénégp. In this

case, the 15 lerfgti8Ftheldlarapmgearaiis préferably gfedtér thaht peferably &d6astiwice the size of,
the length of theilevet asm. & thecmauinted states the pleza-aetuator-wingh @cts 0e 20rtheclamping

lever is support%q/gg &nsu%qrggg limhy, the_distance of said f,(gﬁ_)gqrti@ilj{gg frogﬂ éhepci%rgging lever

being matched to'the height of the plezo actuator. An axial functional limb, winch runs at a right angle
to the radical pot€ fimband Witth 257pretétably Haisa O%8Haed receminpddket fof tHeplézo
actuator, isQorovéded rélative ¢a the: fetay cobh. 1 The&-limbs, svinch ape parallel ¢ oae @nother, merge

with the supporting.imb and; respectively.withy the-clamping limp,of the.pale fimp. 30sThe hinged
armature is connected in an articulated manner to the functional limb by means of the rotation axis. In

b
addition, a magh&t-ébré Shifichis sul¥ound@d By the fi&IE WinditgC Bf HeSRIS/ il isdeliy 35 routed
on one side towartthe iiged ammatued ahd fastened foraxampleadreted on theothér side to the - 7

- the loss of the supply or on-board electrical system

15 voltage.

On account of the holding or inoperative state which is
maintained wvirtually without power, the relay according
to the invention is extremely advantageous,
20 particularly in the motor vehicle sector, since the low
power loss 1is accompanied by a corresponding CO, saving
by the motor vehicle. In addition, the temperature
development of the relay coil of the hybrid piezo relay
system according to the invention, that is to say the
25 operating temperature, 1s considerably lower than in
conventional relays and is approximately room
temperature. This provides the considerable advantage
of a particularly flexible and variable design of the
installation space for the piezo relay.
30
Although it is known, in principle, to equip a relay
with a piezo actuator (piezoelectric elongator), a
piezo actuator, which is designed in particular as a
piezoelectric bending tranducer, replaces the field
35 winding or coil and acts directly on the operative

contact in the case of said relays, as are known, for



magnet yoke, that is to say to the pole limb which is situated opposite the hinged armature. In order to
reliably prevent the tension element from 5 sliding (radially) out of the open clamping gap, said
clamping gap is formed by a bead-like clamping groove in which the tension element is securely
situated. A clamping cam which engages in the clampmg-groove is expediently provided on the
clamping lever, whereas the 10 clamping groove is then located on the remaining pole limb of the

magnet yoke orbt;ggnwlsitefg%qnsi% He mevingramact is preferablysdesigped as g SRFing contact

for generating a spring return faorce which acts 15 on the hinged armature. To this end, an
approximately 1P &pe%l gp?'in]gze%eﬁl]en?% aﬁta]oﬂf Bgrg)t%rosﬁ%pgé,gwﬁérein one of the offset spring
limbs is fixed to the functional limb of the magnet yoke, and the further spring limb is fixed to the
hinged armature, 20; Sinee oa% isknownythe Inezaciuatar beBavesipadsigias mannerta.a capacitor
in the evengof cctilrrent gonsu tion a{low of gurrgnt is required firstely only at the moment f\t which the
. alrecC m ita contgc 13,. SO, uUus l¥r a . res ua
clamping force is generatede. econdly, In order to reliably release the clamping in'the event of a
loss of the contrelVéltdHe féicdctaadtthg the ez astudtsrwaid frerackfatdrlis £dnhécdtetilin parallel
with a suitable noswreastive resistondihis enswes that the relay eeliabtyi ovesto 30 the: prespeclfied
state, in particulat by crespondinaly reljable gpening.of the gperatiye coptact o by contact

changeover in the case of a swltchover contact. 35 The components of the relay according to the
invention are prefR7ALY a¥8&mblebiin altefdly 86418a MAnre? Y & Fela§ hdhdihg Whichti&Sormed from
a device bdse andng8d a housing cap. firthis cakse, bpthlthe melay ecikandialso thelpzeza actuator

have an associa&@@,irgr@fegabfye@mm%a§0n£r@£e%§tr<§°ﬁ§%>é%tew\ﬂw the housing. Qperating or
swztchover contacts and also the control 5 contacts for the electronics s%stem are routed out of the

housing base inth8%5 of IBEHIHG TonnEtions ThetBnnettiond BF e preto Actiiatdr AFe

connected to thé elestronics system within the housing. 10 Exemplary embodiments of the invention
will be explained in greater detail below with reference to a drawing, in which: figure 1schematically
sh(_)ws an glectrg éalgne'&icé Z15 re?é/tcoarr%prirsin% (? relta}}/ecoilrig 2 magggt orlgei\ﬁvith at%ing%g1 grmature,
which can be pivoted dni ‘said magneL% yo(f(e, and a piezo actuator which eeps an operating or
switchover conta&tVZ0" eloged by meard 6 atensiofetdiBRtwhen the fidldiwinting Btdeehergized,
figure 2 shows a sideatiew of(a tletad) of thenmagretywke withiaepale imbrwbich istslaited-so as to form

a clamping lever, .25 fig te-3 fpgws g perspective. yiew of g detail.of the ]_elecéwénagﬁqigéglay looking
at the piezo actuator with the housing open, , ,
armature. In order to increase the force stroke which
20 is generated by the piezo actuator as a result of being
actuated, a lever transmission means is suitably
provided, said lever transmission means converting the
force stroke into a clamping stroke for releasably
fixing a tension element which is held on the hinged
25 armature or moving contact side. The transmission ratio
is suitably 2:1, so that a force stroke of the piezo
actuator of, for example, 2 15 um leads to a clamping

stroke of 2 30 um.

30 In an advantageous refinement, the tension element,
which 1is held on one side of the hinged armature or
moving contact (changeover or switchover contact), 1is
routed by way of its free side into a clamping gap and
held there in a force-fitting manner as a result of the

35 piezo actuator being actuated.



figure 4 shows a further perspective view of the electromagnetic relay looking at the 30 operating or
switchover contact and the tension element, figure 5shows a first exploded illustration of
therelaywiththehousingbase partially mounted, a separate yoke and 35relay coil and also a housing
cap, figure 6shows a different exploded illustration of the+elay, and - 9 - figure
7showsacircuitdiagramofthe electromagnetic relay.  Parts which correspond to one another are

provided with 5 Jl-h@esa&%ﬁggggac%%mles_&ggg@g@ﬂpe figures Eigurs,1 sehematically shows the
oKe

relay 1 comprisin%ﬁ magnet y with a hinged armature 4 winch can be pivoted about a rotation

axis 3 on said mAaghet yok8 arid'16 orffitich & moving’cortacts is hld Prf Hovihg B8ntakt 5 is in the
closed position witharfixed contact {ineperative contact) arand inlthe openpositiohan atfarther fixed

contact (operative gontact)-8b, sa-that a;ghangegver gr swiichoyer ceptact isfornedpverall. 15 The

relay coil 7,_winch is alg called.agelg winding in the text win%h. &Howsé, t%%ether w'%h its%gpagnet core

8is Iocated5 betV\S/élelr? the ﬁingg& armattire’s and erxopvg)lewllerkrjlb 5a,l Winch is par]éwgl(%o sdid meged 20

armature, of thela.3R&ped ¥A&gneljpke 2l The magyndtcdre 8shd HfurictisnaPbfirh® 2B BFhe magnet
yoke 2 run in axial tinectians x ip selatior to theorelayheoil #.iwbereasdbedingesd, armature 4eand the

pole limb 2a of the magnef yoke 2 rnsin fhe radial direation y n 25 this respect. A Inez agfuator 9 is

located in the vicinity of the functional limb 2b or the junction between said functional limb and the pole
limb 2a of the magBt yoké 2 3l e Actlrdtbf id'deskiredas ez statR adttattt stiek). 30 A
tension elémenttk®; windkeisialdo valled & clamping arm which is acted on by the

piezo actuator is formed in the direction of the piezo
actuator and a clamping arm of a clamping lever which
pivots about the rotation point is formed in the other
direction toward the clamping gap. In this case, the
15 length of the clamping arm is preferably greater than,
preferably at least twice the size of, the length of

the lever arm.

In the mounted state, the piezo actuator which acts on
20 the clamping lever 1is supported on a supporting limb,
the distance of said supporting limb from the clamping
lever being matched to the height of the piezo
actuator. An axial functional limb, which runs at a
right angle to the radial ©pole 1limb and which
25 preferably has a U-shaped receiving pocket for the
piezo actuator, is provided relative to the relay coil.
The U-limbs, which are parallel to one another, merge
with the supporting limb and, respectively, with the
clamping limb of the pole limb.
30
The hinged armature 1is connected in an articulated
manner to the functional limb by means of the rotation
axis. In addition, a magnet core, which is surrounded
by the field winding, of the relay coil 1is ideally
35 routed on one side toward the hinged armature and

fastened, for example riveted, on the other side to the



sprung in the text winch follows, is located opposite the functional limb 2b of the magnet yoke 2, said
tension element spanning the open side of the U-shaped 35 magnet yoke 2 and bell-1g held on one
side on the hinged armature 4 and on the other side on the pole limb 2a of the magnet yoke 2. The
sprung end 10a, winch is - 10 - associated with the hinged armature 4, of the tension element 10 is
held in a captive manner on the hinged armature 4, whereas the opposite clamping end 10b of the

tension elemenhga%}%f'g(e%r}@,clqmgigg manpgr in_g.a clamping %qél (figure 2), winch is provided
in the pole limb 2a, when the hinged armature 4 is pulled in and therefore contacts 5, 6a are closed. In

this state, the re?d&bl&iw%aﬂ%ocgdntt?olIga%vi{hjdfj?f)g\/\/%if,%i?ﬁoﬁﬁ the hinged armature 4 dropping out

and 10 accordingly the contact 5, 6a opening. As a result, a hybrid Inez relay system for reliable
switching with manostable-behavige andnextremely lowdgeel of gurrent conswptiorrisrovided.
Since the 1? relgxlcgil g IS cg]%%n lrgyfd)in thl? shg\run t}%din mrcl)d%f\gd thi?1 Inez actuaé%rig requires
only the necessary actuation vo tage in ‘order to mainFam th (ﬁampingnfgrcegFPgWhich IS generated
as a result of safd FeE2aduaicibeirfy dctiaed oPvoltag® defglapisiied 1620 st 1862 @€tuator and
which holds the iensianielemenicl Onsnen the asmatiyatd is pulleddn,rand,the leakagecurrants in a

Inez stack actuag%%ﬁ s kind, ar‘gh%@@gmg%g)&/e the.contacts 5. ?&%%e gsed virtually without

power. This is extremely 25 advantageous, particularly in the motor vehicle Sector, since the power

loss of a relay WithRSsEHRRAtt Bf BFé%ich%?éoWQr isfecErpaRigthy & EBFresPOYdiRGIS eldvated CO2
emission by theahatop Vebiclerd30figure2 stiows, ihoa sidedviewn oftthe polkenlimin 2amf thelmagnet yoke

2, a clamping leyer,12 which,is fauged on.the polg, limhLap6 isiformed by lngitudinal slot 13,
which runs in the radical direction y, in the pole limb 2a. A material web 14, which forms a rotation 35

point about the rotation axis 15 (which is indicated by a dashed line) and virtually locally closes the
longitudinal slotTI3s istprederst of perhaip’s alohgitieferably designed as a spring

contact for generating a spring return force which acts
15 on the hinged armature. To this end, an approximately
L-shaped spring element is suitably bent or shaped,
wherein one of the offset spring limbs is fixed to the
functional 1limb of the magnet vyoke, and the further
spring limb is fixed to the hinged armature.
20
Since, as 1s known, the piezo actuator behaves in a
similar manner to a capacitor in the event of current
consumption, a flow of current is required firstly only
at the moment at which the clamping force is generated.
25 Secondly, in order to reliably release the clamping in
the event of a loss of the control voltage for
actuating the piezo actuator, said piezo actuator is
connected in parallel with a suitable non-reactive
resistor. This ensures that the relay reliably moves to
30 the prespecified state, in particular by
correspondingly reliable opening of the operative
contact or by a contact changeover in the case of a

switchover contact.

35 The components of the relay according to the invention
are preferably assembled in a reliably sealed manner in

a relay housing which is formed from a device base and



longitudinal slot(material or radial slot)13. Therefore, a lever arm a is produced between the rotation
point or rotation axis 15 and the location of the Inez actuator 9, whereas a clamping arm b is 5
produced between the rotation point 14 and the clamping gap 11.In this case, the clamping arm b is
approximately twice as long as the lever arm a (b2a) ig the exemplary embodiment. 10 A supporting
limb 16, on winch the Inez actuator 9 winch operates the clamping lever 12 as a result of being

actuated is supportgd,;is;lpsertedntothe magnetyoke 2 spaced apart from the clamping, lever 12 by
the height h, winch runs in the z-direction, of the 15 Inez actuator. According to the lllustrated

Cartesian coordinate syStemP " dampingforde FRARNRER i€ §8Rratet by tHelifds afliator 9, and
the stroke directiomobsaid clantping forde erirthe zdeetiorm whetkdasithé fenglitadinahsiot 13, winch

20 forms the clampRing favey 12./upsinthesadial dirgationrys Fighwe2somparnatively. slearly 1 _
alsoshowsthe c%r(lafrlgcua(a ion c%fothe %I}%nplnjtg 11.. A clam ing groove 25 1111&% WIQ%h tglg clamping

end 10D of the tension elément 10 7s Situa gg:aﬁa?ﬁecrsefo? gecuregjége;aiﬁ(s)t pivo in?; out In radial

direction y, is ma#e ifiespale limbTa dfthé htaghet Joke2 e régivg of e elampiiggap 11. A
clamping cam 1thewinchne 30 integrally fammedwrethe caropigdeverd? anthihete ea thefree end of

the clamping armyh, oﬁ%igtci%rngigg Ig\{/%rt gﬂg%get%%thghcéargglpgig@gve 11a with the interposition

of the clamping end 10b of the tension element 10. 35 - 12 - views(figures 3 and 4)and also in
exploded illustrations of different details (figures 5 and 6). Figure 3 comparatively clearly shows the
tension 10 Exemplary embodiments of the invention will Dbe

explained in greater detail below with reference to a

drawing, in which:

figure 1 schematically shows an electromagnetic
15 relay comprising a relay <coil in a
magnet yoke with a hinged armature,
which can be pivoted on said magnet
yoke, and a piezo actuator which keeps
an operating or switchover contact
20 closed by means of a tension element
when the field winding is deenergized,
figure 2 shows a side view of a detail of the
magnet vyoke with a pole 1limb which is
slotted so as to form a clamping lever,
25 figure 3 shows a perspective view of a detail of
the electromagnetic relay looking at the
piezo actuator with the housing open,
figure 4 shows a further perspective view of the
electromagnetic relay 1looking at the
30 operating or switchover contact and the
tension element,
figure 5 shows a first exploded illustration of
the relay with the housing base
partially mounted, a separate yoke and
35 relay coil and also a housing cap,
figure 6 shows a different exploded illustration

of the relay, and



5 element 10 winch is situated in the clamping gap 11 and is clamped at Its clamping end 10d. Said
figure also shows the magnet core 8 winch is riveted to the pole limb 2a, winch passes through the
relay coil or field winding 7 and is supported (figure 4) on a coil former 1018 on the armature side by
way of a head 17 (figure 6). In order to arrange the plezo-actuator 9 in a particularly functional and
space-saving manner, a U-shaped receiving pocket 19 is made in the functional 15 limb 2b of the

magnet yoke 2. The, |Jlimps 19a and19hs which are parallef fo ong angther, of said U-shaped

receiving pocket merge with the (upper) clamping limh 12 and, respectively, with the (lower) supporting
limb 16 of the pole limb 2a. 20 Contact€im@RtsIZGE 120" Wich for then- part are connected to an
electronics system 21 for the purpose of relay control, make contact with the plezo actuator 9. Contact

elements 22a, 22h,with Wlh@hth@dﬂ@@igﬁ&%e% Qfribe selay ol 7d‘Bék%>§@R}t§&b6n Rimanner not
llustrated ig an){igetail‘)?ﬁre ales% connected to thﬁ SeleC tronic si}lgﬁerghzel. §aid contact elements 22a,
| )

22b are fixed in te coil former ,rgg%(ﬁo&v%niﬁ igure FThé efettronics sy%?eurﬁezi'is additionally

connected to 30 control connections 23a, 23b which are lllustrated in figure 6. As shown comparatively
clearly in figures4 qnde5, thesnawing €OBEACE b isHesignethas a speg cortaah A0s3mthissend, an

L-shaped sprung glement 24,has 2 speyng limb 24, which I, beld,on the {ynetionalimb 2 of the
magnet yoke, and also a further sprung limb 24b, -%3 - winch is routed on the outer face, winch is

averted from th&relay&dll 7281 the hitgddParhtatufe4 aind théreS8 tBnRECEE to ¥aithniAYE armature.
The spring @lemeant 4 fartd thereforerthe spning or Moving berdtdct Ibereatesmoreturntferce FR on the

hinged armature; 4 in the x;diregtion, so thatsaid hinged-armature, drops eytina mannex assisted by
the correspondigiigé)i%%force when both the relay cull 7 is deenerglzed and the Inez actuator 9 is free
r

of voltage and t A& 10%I&RBINGJdp L7 ofdlf THR 1iiStr&188 AnHesEABEd ESmBonents and
elements of the felaylcarefmaented onta hbuding base P&wipehtact) 6b, so that a

changeover or switchover contact is formed overall.

15
The relay coil 7, which is also called a field winding
in the text which follows, together with 1its magnet
core 8 is located between the hinged armature 4 and a
pole 1limb 2a, which is parallel to said hinged

20 armature, of the L-shaped magnet Jjoke 2. The magnet
core 8 and a functional limb 2b of the magnet yoke 2
run in axial direction x in relation to the relay coil
7, whereas the hinged armature 4 and the pole limb 2a
of the magnet yoke 2 runs in the radial direction y in

25 this respect. A piezo actuator 9 is located in the
vicinity of the functional 1limb 2b or the Jjunction
between said functional limb and the pole 1limb 2a of
the magnet yoke 2. Said piezo actuator is designed as a
piezo stack actuator (stack).

30
A tension element 10, which is also called a clamping
spring in the text which follows, 1is located opposite
the functional 1limb 2b of the magnet vyoke 2, said
tension element spanning the open side of the U-shaped

35 magnet yoke 2 and being held on one side on the hinged
armature 4 and on the other side on the pole limb 2a of

the magnet vyoke 2. The spring end 10a, which is



in the final assembled state, is covered by means of a 15 housing cap 26, preferably in a dirt- and
moisture-tight manner. Contact connections K1, K2 (opera-L.11-1g or inoperative contact connection)
of the fixed contacts 6a (inoperative contact) and, respectively, 6b (operative contact), at least one
contact connection K3 20 (control connection 23a and/or 23b) of the electronics system 21, at least
one contact connection K4 (cull contact connection) of the relay cull 7 and also a contact connection

K5 (changeovercantagt.congeciion) of the moving gr chapgeqyer of swlicheyer copiact 5.are 25

routed out of the bottom of the h,ousing base 25 winch has an approximately square ¢ross section.

Figure 7 shows & =<l diagrdm bf the electromagn&iiney Feldy 1 Hetordihg t6 the ihl&fion. A
switching 30 =caltoe pathe274 in wihelradeadt2s; forexample a gasolineygungneor ahlélectric motor, is

connected in setigs Withi{be apecativessontacs 6bLbetween the pasitive pple-andithernragative pole or
ground of a_supply voltage Uy, is electrically.conductively 35 disconnected fro contrgl =cult or path
0 of the reiay T ViHGHEEE T showe SO AR 14 B L e SHitHE-on state

(ON), figure 7 sR6WS thelsitched-offstate TOFF) THEclectighids Sipsteim 23 isdgptidd With a control
5 voltage Us whichy in theredgseref apotercwahicle, isobtatiaed:-fropethe ambeardeleatseal system

voltage of said mgfor vehicle, Anopreagtive tasisfor R is,gennected electrically in 3@5%‘3} with the

piezo actuator 9 in order to reliably break the clamping of 10 the tension element 10 in the clamping
gap 11 in the eVEht BPH toss o the CortdF FoltagB < UA%he Case OF BHBRAURDF thidHind, IHE moving
contact 5 ifoves: fromcthershowrttlesed ot eperdiingstatederthe safe changeover state by making
contact with the changeover 15contact 6b. The invention is not restricted to the above-described
exemplary embodiment. Rather, other variants of the invenﬁit%%can also be derived from said

exemplary 20 eMbodimBRtBy h'pefsoR ekiiled if tHe &rt, Withlt J&Sartfg 78 thE suBfect matter of
the invention. Inspartictlan allvof the ineividiiallfé atukes describedin cennectionamith thelexemplary

embodiment can &urthernaare alseheneombines.with ope anethes ina 2odifferentivay, without
departing from the subject matter of the JIvention 15 in the shown holding mode
and the piezo actuator 9 requires only the necessary

actuation wvoltage 1in order to maintain the clamping

force Fgx, which is generated as a result of said piezo

actuator being actuated or voltage being applied to

20 said piezo actuator and which holds the tension element

10 when the armature 4 is pulled in, and the leakage

currents in a piezo stack actuator 9 of this kind are

extremely low, the contacts 5, ba can be closed

virtually without power. This is extremely

25 advantageous, particularly in the motor vehicle sector,

since the power 1loss of a relay with each watt of

electrical power 1is accompanied by a correspondingly

elevated CO; emission by the motor vehicle.

30 Figure 2 shows, in a side view of the pole limb 2a of
the magnet yoke 2, a clamping lever 12 which is formed
on the pole 1limb 2a and is formed by a longitudinal
slot 13, which runs in the radial direction y, in the
pole limb 2a. A material web 14, which forms a rotation

35 point about the rotation axis 15 (which is indicated by
a dashed 1line) and wvirtually 1locally <closes the

longitudinal slot 13, is present or remains along the



List 1 of reference symbols Relay 2 Magnet yoke 20b Contact element 2a Pole limb 21 Electronics
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longitudinal slot (material or radial slot) 13.
Therefore, a lever arm a 1s produced between the
rotation point or rotation axis 15 and the location of
the piezo actuator 9, whereas a clamping arm b is
5 produced between the rotation point 14 and the clamping
gap 11. In this case, the clamping arm b 1is
approximately twice as long as the lever arm a (b 2 2a)

in the exemplary embodiment.

10 A supporting limb 16, on which the piezo actuator 9
which operates the clamping lever 12 as a result of
being actuated 1is supported, 1is 1inserted into the
magnet yoke 2 spaced apart from the clamping lever 12
by the height h, which runs in the z-direction, of the

15 piezo actuator. According to the illustrated Cartesian
coordinate system, the clamping force Fg, which is
generated by the piezo actuator 9, and the stroke
direction of said clamping force run in the z-
direction, whereas the 1longitudinal slot 13, which

20 forms the clamping lever 12, &runs in the radial

direction vy.

Figure 2 comparatively clearly also shows the
configuration of the clamping gap 11. A clamping groove

25 1la, in which the clamping end 10b of the tension
element 10 is situated and therefore secured against
pivoting out in radial direction y, is made in the pole
limb 2a of the magnet yoke 2 1in the region of the
clamping gap 11. A clamping cam 11b, which is

30 integrally formed on the clamping lever 12 and there on
the free end of the clamping arm b of said clamping
lever, engages in the clamping groove 1lla with the
interposition of the clamping end 10b of the tension
element 10.

35
Figures 3 to 6 show a preferred embodiment of the relay

1 according to the invention 1in wvarious perspective
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views (figures 3 and 4) and also in exploded

illustrations of different details (figures 5 and 6).

Figure 3 comparatively <clearly shows the tension
5 element 10 which is situated in the clamping gap 11 and
is clamped at its clamping end 10d. Said figure also
shows the magnet core 8 which is riveted to the pole
limb 2a, which passes through the relay coil or field
winding 7 and is supported (figure 4) on a coil former

10 18 on the armature side by way of a head 17 (figure 6).

In order to arrange the ©piezo actuator 9 in a
particularly functional and space-saving manner, a
U-shaped receiving pocket 19 is made in the functional
15 limb 2b of the magnet yoke 2. The U-limbs 19a and 19b,
which are parallel to one another, of said U-shaped
receiving pocket merge with the (upper) clamping limb
12 and, respectively, with the (lower) supporting limb
16 of the pole limb 2a.
20
Contact elements 20a, 20b, which for their part are
connected to an electronics system 21 for the purpose
of relay control, make contact with the piezo actuator
9. Contact elements 22a, 22b with which the winding
25 ends of the relay coil 7 make contact (in a manner not
illustrated in any detail) are also connected to the
electronics system 21. Said contact elements 22a, 22b
are fixed in the coil former 18, as shown in figure 6.
The electronics system 21 is additionally connected to
30 control connections 23a, 23b which are illustrated in

figure 6.

As shown comparatively clearly in figures 4 and 6, the
moving contact 5 is designed as a spring contact. To
35 this end, an L-shaped spring element 24 has a spring
limb 24a, which is held on the functional limb 2b of
the magnet vyoke, and also a further spring limb 24D,



Housing base 9 Piezo actuator 27 Switching circuit/path 10 Tension element 28 Load 10a Spring end
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which 1is routed on the outer face, which 1s averted
from the relay coil 7, of the hinged armature 4 and
there is connected to said hinged armature. The spring
element 24 and therefore the spring or moving contact 5
5 creates a return force Fx on the hinged armature 4 in
the x-direction, so that said hinged armature drops out
in a manner assisted by the corresponding spring force
when both the relay coil 7 is deenergized and the piezo
actuator 9 1is free of voltage and therefore the

10 clamping gap 1 is open.

The illustrated and described components and elements
of the relay 1 are mounted on a housing base 25 which,
in the final assembled state, is covered by means of a
15 housing cap 26, preferably in a dirt- and moisture-
tight manner. Contact connections K;, K, (operating or
inoperative contact connection) of the fixed contacts
ba (inoperative contact) and, respectively, 6b
(operative contact), at least one contact connection Kj
20 (control connection 23a and/or 23b) of the electronics
system 21, at least one contact connection K; (coil
contact connection) of the relay coil 7 and also a
contact connection Ks (changeover contact connection) of
the moving or changeover or switchover contact 5 are
25 routed out of the bottom of the housing base 25 which

has an approximately square cross section.

Figure 7 shows a circuit diagram of the electromagnetic
piezo relay 1 according to the invention. A switching
30 circuit or path 27, in which a load 28, for example a
gasoline pump or an electric motor, is connected in
series with the operative contact 6b Dbetween the
positive pole and the negative pole or ground of a
supply voltage Uy, is electrically conductively
35 disconnected from a control circuit or path 29 of the

relay 1. Whereas figure 4 shows the electromagnetic
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relay 1 in the switched-on state (ON), figure 7 shows

the switched-off state (OFF).

The electronics system 21 is supplied with a control
5 voltage Us which, in the case of a motor wvehicle, is
obtained from the on-board electrical system voltage of
said motor wvehicle. A non-reactive resistor R 1is
connected electrically in parallel with the ©piezo
actuator 9 in order to reliably break the clamping of
10 the tension element 10 in the clamping gap 11 in the
event of a loss of the control voltage Us. In the case
of a fault of this kind, the moving contact 5 moves
from the shown closed or operating state to the safe
changeover state by making contact with the changeover
15 contact 6b.

The invention 1is not restricted to the above-described
exemplary embodiment. Rather, other wvariants of the
invention can also be derived from said exemplary
20 embodiment by a person skilled in the art, without
departing from the subject matter of the invention. In
particular, all of the individual features described in
connection with the exemplary embodiment can
furthermore also be combined with one another in a
25 different way, without departing from the subject

matter of the invention.
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U-limb X Axial direction 20a Contact element Radial direction - 16 - Claims 1.An electromagnetic
relay (1), in particular motor 5 vehicle relay, comprising a magnet yoke (2) and comprising a relay coill
(7) and also comprising a hinged armature (4) which can be pivoted about a rotation axis (3) and on
which a moving contact (5) is held relative to at least adirst fixed contact (6a, 106b), characterized by a
pzezo actuator (9) which, as a result of being actuated, keeps the moving contact (5) closed when the
relay colil (7) is deenergzzed. 15 2The electromagnetic relay (1) as claimed in claim 1, characterized
by a piezo stack actuator (9), the force stroke direction 20(h) of which runs parallel to the rotation
axis (3) of the hinged armature (4) as a result of the a&fltion. 3. The electromagnetic relay (1) as
claimed in claim 1 or 2,

1. An electromagnetic relay (1), in particular motor
5 wvehicle relay, comprising a magnet yoke (2) and

comprising a relay coil (7) and also comprising a

hinged armature (4) which can be pivoted about a

rotation axis (3) and on which a moving contact (5) 1is

held relative to at least a first fixed contact (6a,
10 6b) ,

characterized by

a piezo actuator (9) which, as a result of Dbeing

actuated, keeps the moving contact (5) closed when the

relay coil (7) 1s deenergized.

15
2. The electromagnetic relay (1) as claimed in claim
1,
characterized by
a piezo stack actuator (9), the force stroke direction
20 (h) of which runs parallel to the rotation axis (3) of

the hinged armature (4) as a result of the actuation.

3. The electromagnetic relay (1) as claimed in claim
1 or 2,
25 characterized by
a lever transmission means (a, b) for converting a
force stroke, which is generated by the piezo actuator
(9) as a result of being actuated, into a clamping
stroke for fixing a tension element (10), which is held
300 on the hinged armature side and/or on the moving

contact side, in a releasable and clamped manner.

4. The electromagnetic relay (1) as claimed in claim
3,

35 characterized
in that the tension element (10), which is held on one

side of the hinged armature (4), 1is routed by way of



25 characterized by a lever transmission means (a, b) for converting a force stroke, which is generated
by the pzezo actuator (9) as a result of being actuated, into a clamping stroke for fixing a tension
element (10), which is held 30 on the hinged armature side and/or on the moving contact side, in a
releasable and clamped manner. 4. The electromagneticrelay (1) as claimed in claim 3, 35
characterized in that the tension element (10), which is held on one side of the hinged armature (4), is
routed by way of -1 7¢+its free side;inig,a clamping gap (31)and.as a resultof the piezgactuator (9)
being actuated, is_held in the clamping gap (11) in a force-fitting manner. 5 5.The electromagnetic
relay (1) as claiféd ﬁ'}lgnepdfe&éimgﬁquaAt,%ﬁarégferi?(?&fhgth GheHi&GHet ySke (@) Has'& clamping
lever (12) whichtivots labait agotation or tiltingpeinf (i5)e1d has arleverams ta) which is acted on by
the pzezo actuator (9), and has a clamping arm (b) which is routed to the clamping gap (11). 6. The
electromaggetiCSrelay asc aircrzwe]c:iOiIrTl1 é:lairgtll55, ]E;Q%acte(r'i edain tl‘(lﬁt E}Qe é:é?rg%in%rll%veé 1(12) is
produced by a radial slo ?133 WhHicH is made in the mag%et yoke é), In paIFtlcuIar in the pole limb (2a)
of said magnet yakel 29 and-@hith is formed by a material web (14) which represents the rotation
point (15). 7. The elestromagnetic relay (1) as claimed in claim 5 or 6,

in that the magnet yoke (2) has a clamping lever (12)
which pivots about a rotation or tilting point (15),
10 has a lever arm (a) which is acted on by the piezo
actuator (9), and has a clamping arm (b) which is

routed to the clamping gap (11).

6. The electromagnetic relay (1) as claimed in claim
15 5,
characterized

in that the clamping lever (12) is produced by a radial
slot (13) which 1is made in the magnet vyoke (2), 1in
particular in the pole limb (2a) of said magnet vyoke,
20 and which 1is formed by a material web (14) which

represents the rotation point (15).

7. The electromagnetic relay (1) as claimed in claim
5 or 6,

25 characterized
in that the clamping arm (b) is longer than, in
particular at least twice as long as, the lever arm

(a) .

30 8. The electromagnetic relay (1) as claimed in one of
claims 5 to 7,
characterized
in that the tension element (10) is oriented axially,
and the clamping gap (11) 1is oriented radially, in
35 relation to the relay coil (7).



25 characterized in that the clamping arm (b) is longer than, in particular at least twice as long as, the
lever arm (a). 308.The electromagnetic relay (1) as claimed in one of claims 5 to 7, characterized in
that the tension element (10) is oriented axially, and the clamping gap (11) is oriented radially, in
35relation to the relay coil (7). - 18 - 9.The electromaggetic relay (1) as claimed in one of claims 5 to
8, characterized in that the magnet yoke (2) has a supporting limb (16) 5 winch is spaced apart from

the clamping lever (12)rand gn winch, the inez actuater (9), winch operates e ¢lamping leyer (12) as
a result of bell-1g actuated, is supported. 1010. The electromagnetic relay (1) as claimed in claim 9,
characterized inthat e distaficé between the clamping lever (12) and the supporting limb (16) is

matched to the att@atorUsrhieight (h) winch runs in the stroke direction (z) of the Inez actuator (9). 11.

The electromagnetic-relay (@) asclaimed iR,ore of clpims 3 ta 19,20 sharasterizediby andly-shaped
magnet yoke (2) comyprising, in relation to the relay cojl.(7), a.radial pole_limb (2a an axial
functional Illgr?b ()ﬁﬁ)lfogwf}l%h the' ﬁ%e& pa?rﬁgtu% H} iéC }égnr?elc?gg %nggn éreti\é% atgd??n%nﬁgr by means
Of25M€f0EMOWﬁﬂ§@BPh the piezo actuator (9), which operates the

clamping lever (12) as a result of being actuated, is

supported.

10 10. The electromagnetic relay (1) as claimed in claim
9,
characterized
in that the distance between the clamping lever (12)
and the supporting limb (16) is matched to the actuator
15 height (h) which runs in the stroke direction (z) of

the piezo actuator (9).

11. The electromagnetic relay (1) as claimed in one of
claims 1 to 10,

20 characterized by
an L-shaped magnet yoke (2) comprising, 1in relation to
the relay coil (7), a radial pole 1limb (2a) and an
axial functional limb (2b) to which the hinged armature
(4) 1is connected in an articulated manner by means of

25 the rotation axis (3).

12. The electromagnetic relay (1) as claimed in claim
11,
characterized

30 in that the functional 1limb (2b) has a U-shaped
receiving pocket (19) for the piezo actuator (9),
wherein the U-limbs (19%9a, 19b), which are parallel to
one another, merge with the clamping limb (12) and,
respectively, with the supporting limb (16) of the pole

35 limb (2a).



12. The electromagnetic relay (1) as claimed in claim 11, characterized 30 in that the functional limb
(2b) has a U-shaped receiving pocket (19) for the Inez actuator (9), wherein the U-limbs (19a, 19b),
winch are parallel to one another, merge with the clamping limb (12) and, respectively, with the
supporting limb (16) of the pole 35limb (2a). - 19 --13.gThe electromagnetic relay (1) as claimed in
one of claims 1 to 12, characterized in that the relay coil (7) has a magnet core (8) winch 5 is
surrounded by a field winding andiis squtedJdeward the hingeq aynature, (h.andis fastened to the
magnet yoke (2)._ , 14. The electromagnetic relay (1) as claimed in one of 10claims 4 to 13,
characterized inthatthié clamPing’gap (11) is formed by a clamping cam (11b), winch is preferably
provided on the @iampingdeverqd?2), and a bead-like clamping groove (11a) in 15 winch the clamping

cam (11b) engaggs 50 .2s t@ secwethe tensian glement ¢1Q) against piveting radially,outward. 15,

The electroyaggetlc rela]_yo(lll)1 as OE:Ie%med in ineelcc)if ZOcIaér{lg 1to 14, charactgrtl

contact (5) is des?gn%&rels a spring contact for genervfslﬁ%g a gpri%a retlrn forc

e

%:(eg

iE that the moving
owgrd
winch acts on the

hinged armaturé-{¥). 75 18 F he electiorfaghetic relay (15 as eRiimeadn dlaint 15, chagattérized

yoke (2).

14. The electromagnetic relay (1) as claimed in one of

10 claims 4 to 13,

characterized

in that the clamping gap (11) 1is formed by a clamping

cam (1lb), which is preferably provided on the clamping
(1la) in

lever (12), and a bead-like clamping groove

15 which the clamping cam (l1lb) engages so as to secure

the tension element (10) against pivoting radially
outward.
15. The electromagnetic relay (1) as claimed in one of

20 claims 1 to 14,

characterized

in that the moving contact (5) is designed as a spring

contact for generating a spring return force (Fr) which
acts on the hinged armature (4).

25
16. The electromagnetic relay (1) as claimed in claim
15,
characterized

in that an approximately L-shaped spring element (24)

30 of the spring contact is bent in such a way that one of
to the

the offset spring limbs (24a) is fixe

functional limb (2a) of the magnet yoke (2),

d

further spring 1limb (24b) 1is fixed to the

armature (4).
35

and the

hinged



in that an approximately L-shaped spring element (24) 30 of the spring contact is bent in such a way
that one of the offset spring limbs (24a) is fixed to the functional limb (2a) of the magnet yoke (2), and
the further spring limb (24b) is fixed to the hinged armature (4). - 20 - 17. The electromagnetic relay
(1) as claimed in one of claims 1 to 16, characterized i that a second fixed contact (6b) is connected
to a 5 non-reactive resistor (R), which is connected in parallel with the piezo actuator (9), so as to form

the switchover contact{5.6a, 60+ ngﬂggg@@gr%qwti@lr?laggl)ﬂ% claimed in gne of 10 claims 1

to 17, comprising_a ¢ontrol electro6nics system (21) for actuating both the relay coil (7) and also the

piezo actuator (§);2110S 1 to 16,
characterized

in that a second fixed contact (6b) is connected to a
5 non-reactive resistor (R), which is connected 1in
parallel with the piezo actuator (9), so as to form the

switchover contact (5, 6a, 06b).

18. The electromagnetic relay (1) as claimed in one of
10 claims 1 to 17, comprising a control electronics system
(21) for actuating both the relay coil (7) and also the

piezo actuator (9).



