Description Miniature safety switch The invention relates to a miniature safety switch for 5 use in motor
vehicle electronics according to the preamble of claim 1. A miniature safety switch of this type is
known from DE 20 2009 010 473 Ul. Miniature safety switches of this type are increasingly 10
replacing the blade-type fuses previously used as standard in the automotive industry. These fuses
are standardized in terms of their geometric dimensioris.The standard still valid in this regard in
Germany is DIN 72581-3. The international standard ISO 8820 is 15 currently applicable to this field.
The latter standard defines three sizes for the blaglertype fuses, namely "Type C (medium)”, "Type E
(high current)" and "Type F (miniatureﬂiyfgg,&gafg%g\gg}c@m &§,compatible in terms of its
geometric dimensions with a socket for 20 a blade-type fuse, in particular a blade-type fuse of Type F
according to ISO 8820, is generally referred to as a miniature safety switch. Safety switches of the
above-mentionethiype noemaly 25 cemprise atbimetathicrshapudisk as & drtiggeswiectianisor, which
suddenly agd reyersibly,chapges petween twa cupvedpasitions.according 4o temperaturg, Jhe

bimetallic snap disk is fixedly connected to a bimetallic contact in a fixing point. The free end of 30 the

bimetallic snap Hisk #8fbte ffidmhE fi%ing pofht Forhs drdarries & Pioving' coiact vhich 'Bears
against a correspopdingsfixedceontactqarovided the téiipératuré preVailing in the safety switch lies
below a temperature threshold value. In this case, an 35 electrically conductive path between the
bimetallic conta&t.andatthe flxeg a?gn%act 5 thcughcé%sed by WPSblmetalllc snap. disk. As soon as the

temperature prev%urfihg in fe 88 ?y dwitch exceeds the emper%ﬁﬁ% {fireshold \r/§|%%la%gal fesult of an

overcurrehf thedsimetaliic'Snap-8isk sbdaerly chafiges it Shap®1fiereBy the movRy cohtact is lifted
from the fixed certagtiandithe curterd pathts:tiaus eisconneatetk b Furtheraore, ibeee types of safety

switches are defiped in, Us;standatd, SAR, pag fog the 112\ and, 24y an-board ppwer sypply system. A

switch accordin%to Type 1 (automatic reset) opens in the event of an overcurrent 10 and closes again

automatically withut a58rinterdertionaftel a'shecifie p&fidd oft e fitormally 6rEhE birfetal has
cooled again). Ipihe evehBof-anothEnevercureentathecswiich iscopehediand $losedeyclicadly. A switch

aCCOfdiUQﬂ@ TYQ%EI(Q?P@i@eda%y% !’L%S%)orﬁén%ﬁs epen afteran QVQ@%”@QE@QE%HB?{&Wimum
voltage is preseigt. Some op ning and, closmqgcdx]cles are %I owed until the_switch is ultimately left open.
A switch accorditit tbnﬁfpe%ﬁﬁanugllréggt) is HiscoRfrected nthe ¥vent of oV&rcurtéMCaNd the 20

circuit can be clédedbagain byperamial inteVErien, hofmatiy: by migagistof 'a push-buktape The present
case in particulafeoncems-a Yype 2sadsty switch: dn thesrminiatyre: safetyiswitebigpewndiem DE 20
2009 25 010473 Ul, a heating rescistor for e>%ample g.PIC resistor, P9 itioned_at %digta.rnce from the

. . n- terms Of 1 s.%?ome r1icC 1meq?Lons. 1% a so% e or
bimetallic snap disk an I%avmg a positive temperature coefficient is soldered to the contact arms by
means of SMD GsuRaééouried dévice) technbidhy 1 Fhe Bimetali 30 3napRitsk i8 Agld ©pen after an
overcurrent triggerdtrigpeeevent)i by gneans Df thesSNID, oriRICoresisterialgctredlbreonmectad in

parallel to said bjmetallig snap disk @/arpg_waigm%}lloyv current flow across the heating resistor in the
event of an overload or short 35 circuit, even once the safety switch has been triggered, and the

thermal loss generated as a result in the heating resistor is used to heat the bimetallic snap disk.
Safety switches of the above-mentioned type normally

25 comprise a bimetallic snap disk as a trigger mechanism,
which suddenly and reversibly changes Dbetween two
curved positions according to temperature. The
bimetallic snap disk is fixedly —connected to a
bimetallic contact in a fixing point. The free end of

30 the bimetallic snap disk remote from the fixing point
forms or carries a moving contact, which bears against
a corresponding fixed contact provided the temperature
prevailing in the safety switch lies below a
temperature threshold value. In this case, an

35 electrically conductive path Dbetween the Dbimetallic
contact and the fixed contact is thus closed by the
bimetallic snap disk. As soon as the temperature

prevailing in the safety switch exceeds the temperature



A disadvantage of this construction with a PTC resistor fixedly soldered on is that a spacing from the
bimetallic snap disk is practically unavoidable and 5 therefore the bimetallic snap disk has to be
heated by means of air. A high energy input is therefore necessary to maintain the temperature of the
bimetallic snap disk after an overcurrent trigger so as to counteract cooling below the return
temperature and 10 thus prevent the bimetallic snap disk-from snapping back and closing the circuit. In
accordance with a further possibility for producing a safety switch according to SAE Type 2, the
bimetal 15 can ke peastidadiwith-a heatiag wiadings svhiereinthis heatinganindingds @)so eaanected

electrically in p%§%§4E% Er%ei%meé%laij;he Qi{rr%%tal is held op af&er{aa}p%%\éerc%rE@t trg\cﬁaeé Of the bimetal
' IC [ [ e

by heating the winding, w releases the heat to the bimetal. Since 20 the winding bears against the

bimetal, a good YR&mhTa Yraridter i€aHiBGed“RdbevEr, R ctridd HistilafishBetivedn thetsifetal and
the winding is tacbe eastresh forexample irethe foamhofiglashfilkerdnsulatior ot adilm (for example
Kapton), which limits the thermal 25 transfer however and requires a high level of cost and in particular
hinders automated production. The object of the invention is to specify a safety switch suitable for

miniaturization thaf AT HE Sy 36 préddcddEhd s pardctidry fih eIy Fefalts i ftfs of an
undesired snapbackt tive bimdetatlic Shap Bisk. Proceédiag fromVa miiatife Safety-switchdf the type

35 mentioned inthgdptrodughion, this\abject is aghieygddaaccardance with thesinveptien by the
characterizing featu%eosmig tci%imrl'sTch hisoeréqi §h% II:;I%l[leesistg]re IS tbr%@h{'g1 Iilnt% gg%%tuq:orné%ct'[ with the
bimetallic snap ﬁfllslk by means of & comprgssmn spring, whilst the compression spring is supported on
the first critact aff ben€athRE fixedPCohitact. 5 MatedrRlaheewitiapartittiidriatvantdgesus
embodiment, the coapression sSprErg. dhe esiience of whichrpressestthe P resistaransige the

housing against e bimstallic snap disk, j5;formed,as g copical spring.,The,coniggl spring pas a

base-side 10 spring end of relatively large spring diameter and an apex-side spring end of relatively
small spring diafi&tér aid viill héreforé ateo berefeéd 16 hereiaftéicasd véltid sprhing Sfhe volute
spring bears appropriately Via.its basessidespring end@gainsttthe 16ygontact artminside e housing,

Whi_|5t the @@ex-gi@lgeﬁpf inQ&ﬂQiQféh%ﬁ%mCGAiSPQPg Qfﬁf%f@@b(c%‘%%réﬁ@m{%'ﬁ)’g%@n%ﬁtﬂ% pTc
resistor. In combination with this fmbodlment of the compression spring as a conical or volute spring,

UKEPTCreSBHﬁ%STﬁS%mﬁﬁyVO tage 1s present. Some openIng and closing
cycles are allowed until the switch is ultimately left

open. A switch according to Type 3 (manual reset) is
disconnected in the event of overcurrent, and the
20 circuit can be closed again by manual intervention,
normally by means of a push-button. The present case in

particular concerns a Type 2 safety switch.

In the miniature safety switch known from DE 20 2009
25 010 473 Ul, a heating resistor, for example a PTC
resistor, positioned at a distance from the bimetallic
snap disk and having a positive temperature coefficient
is soldered to the contact arms by means of SMD
(surface mounted device) technology. The bimetallic
30 snap disk 1s held open after an overcurrent trigger
(trigger event) by means of the SMD or PTC resistor
electrically connected in parallel to said bimetallic
snap disk by maintaining a low current flow across the
heating resistor in the event of an overload or short
35 circuit, even once the safety switch has been
triggered, and the thermal loss generated as a result
in the heating resistor is used to heat the bimetallic

snap disk.



20 circular and, to this end, is embodied as a resistor disk or plate. The disk diameter of the PTC
resistor is again suitably adapted to the relatively large spring diameter of the conical spring and is
expediently at least approximately identical to the diameter thereof 25 at the base-side spring end.
This embodiment enables a particularly compact design of the spring and of the resistor, which in turn
results in a particularly low spatial requirement of 30 tlsese components within the miniature safety
switch. This design and model also enables the provision of a particularly effective pivot or tilt point in
the contact area of the compression spring, in which the apex-side spring end of said spring having the

small 35 spring giameterhears againgt the, PT ,Cc@é;%ét%rﬁ] {%i“&i? Snd, fhe, agapgement.gf these two

components (compression spring and PIC resistor e housing or within the housing base is
selected in term&* 8fEInstruefidhifiv§isth £Way H#iat theé'8dmpressivREptig en§agBs the™STC resistor
in the region of thiemaidpbintdhereofplt cdnthus e epsured thatlthe compressidakspringralso then

bears centrally againgts the R TG resigior and thusgreligbly maintains itspaositionsuhen; agfhe safety

switch is triggered, the bimetallic snap disk springs back from the fixed contact, thus opening the

moving contact TR&'PTC fesistérBeing able'td pivot H6GTHe cehttAtilt 10°poiht fofmed sy the
apex-side springrend sselrentaining préssed dgainst dwbimdtaliie snap disk asiaessulilofthe
resilience. As payt 9ban adyantageeus embedimerntof the dacompressien or ggnicakspring and also

of the PTC resistor under consideraﬁon both otlthe cocnfined ingtallatiog space conditions adpd the
cou ®) below Tthe re .te Ture . and .

teract O rn r .
necessary functlonarlllty, a_diameter of the compression or conical spring a the basesside spring end
thereof of 20 appromat&ly 2emim anecat thesdexldide sprimgrend #idteof 6PBppPaXiRately 4 mm as
well as a disk diametereithe FIG resistoe ot (4:21Q.4) mm and a disk thickness of the PTC resistor of
(2.05 0.06) mm have proven to be particularly expedient. 25 So as to easily and reliably produce
sufficient positional stability of the compression spring within the housing and also on the housing

base, the housirlg' bASERAS' A Hoekatike asé Cbhtbtr, WRER iLprovided Strin RERSUEHG Brosspiece
running in the transverfse-direstion célataretortbe wontact agmi Whitstethe first-¢entact mernacarrying the

fixed contagt is gléigeq)@rofgjgg\,ttg@elgpsgvggﬂtogr imlggpclpﬂgitqgi@@ gi{(gptiqmm@re@@{%nterrupts it
Cen“a“%thecoggggﬁﬂgn winding is also connected electrically in
parallel to the bimetal. The bimetal is held open after
an overcurrent trigger of the bimetal by heating the
winding, which releases the heat to the bimetal. Since
20 the winding bears against the bimetal, a good thermal
transfer 1s achieved. However, electrical insulation
between the bimetal and the winding is to be ensured,
for example in the form of glass-fiber insulation or a
film (for example Kapton), which 1limits the thermal
25 transfer however and requires a high level of cost and

in particular hinders automated production.

The object of the invention 1is to specify a safety
switch suitable for miniaturization that can be easily

30 produced and is particularly functionally reliable in
terms of an undesired snapback of the bimetallic snap
disk.

Proceeding from a miniature safety switch of the type
35 mentioned in the introduction, this object is achieved
in accordance with the invention by the characterizing
features in claim 1. To this end, the PTC resistor is

brought into direct contact with the bimetallic snap



35 spring with its spring end facing said contact arm lies in the pocket-like base contour and in doing
So is supported on two sides by the remaining contour half- shells of the base contour. The base
contour and the two contour half-shells are dimensioned in such a way that the upper and lower
apertures in the longitudinal direction formed in order to pass through the contact arm are smaller in
width in the transverse direction 5 than the greatest-diameter of the compression spring. The bimetallic
snap disk is attached to the second contact arm at a fixing point, which is aligned in the longitudinal
direction with the iwr canjactadfixed 10conactanebmeyingoeontagt),iwhereinthie PTC rasistor is
arranged in the itudi irect] een the fixi int and t o] Thij in.enables
central contact t!)%t}v%%%%%% %’Ercgr%%ig%yvar% thg%gf)r%%%a%ﬁgc@snag%p dit%i%n g%%rtr%e n&fg%%aglg tﬁl addition,
15 this constructibh eRslifsTeliabie cohtading Bt tRE PTC resistor to the first contact arm via the

compression spring and to the second contact arm via the bimetallic disk. In the event of triggering, a

current thus flows, across the I [esistgr, as a result 20, ot whichthe PTC registor i heated. So as to
reliably prevent the bimetallic disk from sna%lng back once the safeét{eswnch has been tr%gered, a

temperature at fFEBImeTSRc disk 6F25% Sinel) 185°CaiSius A provén to 68 hecedtary. So as
to ensure this temgeratureat thvye bimétatic SNEp disk intthiecavent of frifgeringea mMatesiahthat ensures

heating of the PYg sesistor ta ademperattie ofiapproximatelyi 245 Celsius as thermal loss as a result
30 of the current flowmag across this resﬂgr in th%g\éggtoof tn}gcl]ermgklls gartlacul%r]gsexpedéent for the

PTC resistor. Tﬁeogé\(/:an ag(S-:-g achicved Wlﬁ'l the invention Tig in %% parﬁgular in the Fa_cﬁha?, due to the
arrangeméft of AP TG Fesistor ifi fdireetlconta@ With e bintetdlie Shab @iSRBEATHIniafitfe 3&fety switch
with the aid of asgosmapression spring that isasispace-saviag as possiple, small spring

diameter and will therefore also Dbe referred to
hereinafter as a volute spring. The volute spring bears
appropriately via its base-side spring end against the
15 contact arm inside the housing, whilst the apex-side
spring end of the conical spring preferably bears
centrally against the PTC resistor. In combination with
this embodiment of the compression spring as a conical
or volute spring, the PTC resistor 1is preferably
20 circular and, to this end, 1is embodied as a resistor
disk or plate. The disk diameter of the PTC resistor is
again suitably adapted to the relatively large spring
diameter of the conical spring and is expediently at
least approximately identical to the diameter thereof

25 at the base-side spring end.

This embodiment enables a particularly compact design
of the spring and of the resistor, which in turn
results in a particularly low spatial requirement of
30 these components within the miniature safety switch.
This design and model also enables the provision of a
particularly effective pivot or tilt point in the
contact area of the compression spring, in which the
apex—-side spring end of said spring having the small
35 spring diameter bears against the PTC resistor. To this
end, the arrangement of these two components
(compression spring and PTC —resistor) within the

housing or within the housing base is selected in terms



the bimetallic snap disk, in the event of triggering, experiences a sufficient thermal input from the PTC
resistor to reliably prevent the bimetallic disk from snapping back in an undesired manner. The forming
of 5 the compression spring as a conical spring makes it possible to minimize the installation space
necessary therefor since the spring coils of said spring lie within one another as the spring is pressed
together. As a result of a suitable constructional embodiment of 10 the conical or volute spring as a
conical spring body with spring coils that slide within one another when said spring is pressed
together, the height (blockidengib) ehthel eompriession oreopnicalspringwbendqurssed together can

preferably be Iingi[g . g,ggtwgr%%eﬁfejsﬁ Lpﬁespgq@ V\(g_[% giaSrgg%g_er I%W'Hpgjgg }@V&@Lrglly tg% sQr}i{éq free end

of the greatest coll diameter at

on-board powerstpRi-&ysteSF 8P4 motbt vehithe forekampre fréMp?

e base-side spring end of the conical sprlng).<

Voltage ranges of a 12 V

indtély 119%0

approximately lddmprcassberelialily covered with theaminiatme safetyrswitchlaccerdmgristthe
invention. Bue tpyipe fyllarea,and;direct contagt ok the PTG Lasistor against thenimetallig disk,

produced or 25 assisted by the compression spri%%, it is ensured that, at the relatively low voltages,

the energy is suffitient 15 hold tAB biritalli Gisk

fhe’opdigosition® In thisEA3ETHe p&Wer output

(P=Ux1) of the rromrtitedrlRTC resistor isdlaiays sofficiently higlein 30raddition ¢heré iscad risk that,

at relatively high-veltages, the:rasultapthightgmperature.gfthe PTEsasistor desplders said resistor or
even damages saig r%%istor, or that the %;etytswitch as a whole co%%gecgénnecg_pé)lhotc. ine miniature

O

safety switch ac]égrdllng 35 tobt%ér}rcfveﬁ ion also en%ﬁ}feostthe?tl?ﬁg %emperature range normatﬂy required
in the autdotiviedhdiistiyFSIRd4P L tbhB5aP fretiaBly covergey end and remaining
Anexemplaryenmhoslinentoftheinventiameilibe explaineddn greated detailhereinatier.an therbasis of a
drawing,in which; 5 figure. 1 shawsanexplodedillustrationofasafety switch having a housing formed
from a housing baseandahousingcover,twocontactarms partiallyembeddedinthehousingbase,a

bimetallic snap disk,a heating resistor(PTC 10 resistor)and a volute spring,
As part of an advantageous embodiment

of the

15 compression or conical spring and also of the PTC

resistor under <consideration both of the

installation space conditions and the

functionality, a diameter of the compression

confined
necessary

or conical

spring at the Dbase-side spring end thereof of

20 approximately 2 mm and at the apex-side spring end

thereof of approximately 4 mm as well as a disk

diameter of the PTC resistor of (4.2 £+ 0.1)

disk thickness of the PTC resistor of (1.05
have proven to be particularly expedient.
25

So as to easily and reliably produce

mm and a

+ 0.06) mm

sufficient

positional stability of the compression spring within

the housing and also on the housing base, the housing

base has a pocket-like base contour, which is provided

30 in a housing <crosspiece running in the

transverse

direction relative to the contact arm. Whilst the first

contact arm carrying the fixed contact

is guided

35

through this base contour in the longitudinal direction
and therefore interrupts it centrally, the compression
spring with its spring end facing said contact arm lies
in the pocket-like base contour and in doing so 1is
supported on two sides by the remaining contour half-

shells of the base contour. The base contour and the



figure figure 2 3 showsaperspectiveillustrationofthe safetyswitchaccordingtofigurelinthe assembled
state with a closed housing, showsaperspectiveillustrationofthe 15 figure 4
safetyswitchaccordingtofigurelina partlyassembledstatewithavolutespring insertedinthehousing
base,withoutaPC resistor and bimetallic snap disk, showsaperspectiveillustrationofthe 20 figure 5
safetyswitchaccordingtofigurelinthe partly assembled&tate according to figure 3, but with a PC
resistor, showsaperspectiveillustrationofthe safetyswitchaccordingtofigurelinthe

two contour half-shells are dimensioned in such a way

that the upper and lower apertures in the longitudinal
direction formed in order to pass through the contact
arm are smaller in width in the transverse direction

5 than the greatest diameter of the compression spring.

The Dbimetallic snap disk 1is attached to the second
contact arm at a fixing point, which is aligned in the
longitudinal direction with the two contacts (fixed
10 contact and moving contact), wherein the PTC resistor
is arranged in the longitudinal direction between the
fixing point and the contacts. This again enables
central contact Dbetween the PTC resistor and the
bimetallic snap disk in a simple manner. In addition,
15 this construction ensures reliable contacting of the
PTC resistor to the first contact arm via the
compression spring and to the second contact arm via
the bimetallic disk. In the event of triggering, a
current thus flows across the PTC resistor, as a result

20 of which the PTC resistor is heated.

So as to reliably prevent the bimetallic disk from
snapping back once the safety switch has been
triggered, a temperature at the bimetallic disk of
25 approximately 180° Celsius has proven to be necessary.
So as to ensure this temperature at the bimetallic snap
disk in the event of triggering, a material that
ensures heating of the PTC resistor to a temperature of
approximately 275° Celsius as thermal loss as a result
30 of the current flowing across this resistor in the
event of triggering is particularly expedient for the

PTC resistor.

The advantages achieved with the invention 1lie in
35 particular in the fact that, due to the arrangement of
a PTC resistor in direct contact with a bimetallic snap
disk of a miniature safety switch with the aid of a

compression spring that is as space-saving as possible,



25 figure 6 partly assembled state according to figure 4, but with an assembled bimetallic snap disk,
showsasideviewofthesafetyswitch according to figurelin theassembled state
withoutahousingcoverinan(electrically 30 conductive)normal state, figure 7
showsanillustrationaccordingtofigure6 of the safety switch according to figure 1 in the triggered
state,and figure 8 showsaperspectiveillustrationofthe 35- volute spring.

the bimetallic snap disk, 1in the event of triggering,
experiences a sufficient thermal input from the PTC
resistor to reliably prevent the bimetallic disk from
snapping back in an undesired manner. The forming of
5 the compression spring as a conical spring makes it
possible to minimize the installation space necessary
therefor since the spring coils of said spring lie
within one another as the spring is pressed together.
As a result of a suitable constructional embodiment of
10 the conical or volute spring as a conical spring body
with spring coils that slide within one another when
said spring 1is pressed together, the height (block
length) of the compression or conical spring when
pressed together can preferably be limited to two times
15 the spring wire diameter by winding inwardly the spring
free end of the greatest coil diameter at the base-side

spring end of the conical spring.

Voltage ranges of a 12 V on-board power supply system
20 of a motor vehicle for example from approximately 11 V
to approximately 14.5 V can be reliably covered with
the miniature safety switch according to the invention.
Due to the full-area and direct contact of the PTC
resistor against the Dbimetallic disk, produced or
25 assisted by the compression spring, it is ensured that,
at the relatively low voltages, the enerqgy is
sufficient to hold the bimetallic disk in the open
position. In this case the power output (P=Uxl) of the
non-linear PTC resistor is always sufficiently high. In
30 addition, there 1s no risk that, at relatively high
voltages, the resultant high temperature of the PTC
resistor desolders said resistor or even damages said
resistor, or that the safety switch as a whole could
become too hot. The miniature safety switch according
35 to the invention also ensures that the temperature
range normally required in the automotive industry from
-40 °C to +85 °C is reliably covered.



Corresponding parts are always denoted in all figures by like reference signs. As can be seen in
particular from the exploded illustration according to figure 1, the safety switch 1 comprises a housing
2, which is formed from a housing base 3 and a housing cover 4. The safety switch 1 5 further
comprises a fixed contact arm 5, a bimetallic contact arm 6 and a bimetallic snap disk 7. The safety
switch 1 also comprises a fixed contact 8 in the form of a-weld plate, a moving contact 9 in the form of
a further weld plate, and, to fix the bimetallic snap 10 disk 7, a further rivet 10 and a further weld plate
11. The housingabase-3 @ngd the j1ousing £oveedare fabricated framwamelectrically insulatiag material,

namely a th?“%%ﬁé%ﬂ%@}? %e'%?& {éofjsﬁ]egt%oivfri X é)#-gigg of §apilike gnd fous, surrounds a
volume, which defines an interior 12 of the safety switch 1, with five closed walls. The housing cover 4
can be snappecforitbate Fdusihy BEEE3 Via its open side. Figure 2 shows the safety switch 1 with a

closed 20 housing 2, that is to say with the housing cover 4 fitted onto the housing base 3. The contact

arms 5 ands6 are hent.stamped paits made of sheetmetal; inparticylan tinplated hrags, with a 25 flat,
rectangular cross section. The fixed contact arm 5 and the bimetallic contact arm 6 are embedded with

an interlocking fit in the housifi§ bS8 3°§tNcd! Wurien YR8 ShFsty SRAtER A i proudbed iz CShtact arms
5 and 6 are insert-molded withalse matedialof theuusing bage:30 3tirrthiswasecthe eomtact arms 5

and 6 each protrude out fromghe housing basg-3 ¥id-a plugrin eertach 44 at @ undegyside 13 of the

housing base 3. The housingbz.fflnndci,gl articulagthed*éos singac%/er 4 .are shag% for ex e in the
e

manner of a flat cuboid with a (Jhoﬁsmg 35 narrow si 5 and a(?ﬁwtolu%ﬁ]g]S%roa(}gfae 6. The contact
arms 5 ant’6 are embedded fithé HovsihgPbase™3 WPsiictta Wiy thdt the plug-in contacts 14 are
arranged parallel ig@ne anothkeroapproximately epatrallyywith i1lustration of the

safety switch according to figure 1 in the
assembled state with a closed housing,
figure 3 shows a perspective illustration of the
15 safety switch according to figure 1 in a
partly assembled state with a wvolute spring
inserted in the housing base, without a PTC
resistor and bimetallic snap disk,
figure 4 shows a perspective illustration of the
20 safety switch according to figure 1 in the
partly assembled state according to figure 3,
but with a PTC resistor,
figure 5 shows a perspective illustration of the
safety switch according to figure 1 in the
25 partly assembled state according to figure 4,
but with an assembled bimetallic snap disk,
figure 6 shows a side view of the safety switch
according to figure 1 in the assembled state
without a housing cover in an (electrically
30 conductive) normal state,
figure 7 shows an illustration according to figure 6
of the safety switch according to figure 1 in
the triggered state, and
figure 8 shows a perspective illustration of the

35 volute spring.

Corresponding parts are always denoted in all figures

by like reference signs.



- 10 - respect to the housing narrow side 15 and at a distance from one another. The safety switch 1 is
based on standard ISO 8820 Type 5 F (miniature) in terms of its outer geometric dimensions. The
miniature safety switch 1 therefore corresponds externally to a Type F blade-type fuse according to
this standard, and therefore the safety switch 1 is compatible with a socket for such a blade- 10 type
fuse, that is to say can be plugged into such a socket,hich is conventional in the automotive industry.
With regard to the housing broad side 16, the plug-in 15 contacts 14 of the contact arms 5 and 6 are
each arranged atdhe edge, whereasthey ara guised: inceach-casey siwvardlydn thexhausiag interior 12

toward the Ce“t‘irﬁfégﬁ%ﬂﬁg °ct$‘<§‘E89rl%”e{oe”]?i]iu%th?,ﬁX{?QeCOQEaFé@Q“s5wji°‘tac,fﬁa ed above

an inner end 18 20 of the bimetallic contact arm 6. In this case, "above", means the side of the safety
switch 1 remote¥rahEHE Fousing Dasé Farer the Piidlin tontaetd e4 irtésPRctive STiRé 22tual
orientation of thesatetyswichll ia spaoes Ascarbeseendin paittieularafem 25 figures!8 ahd 4, the

inner ends 47 apd 18,0f the-copiact.arms » and g arecentared withregard fo g centrghlppgitudinal

axis 19 (figure 3) of the housing 2, as viewed from the housing broad side 16. 30 As is relatively clear

from figures 3, € 8Rd ¥ theihferfertfsl 7and 18 bf the ContAd anhs Band 6 AR bttt rom the
central plane of shid safetylswitchol, defiived by theapldg-#eormacts A4t by offset pbriohsofithe

stamped, bent parts s;aspdewed frapthe housing 35 nagrovsside 45,:andwextenddnna slightly offset
manner parallelgo trﬁ%gentr%d Rl ne ra%%ntralalg gitugi(glallgx}iis 1§hln t%i§ case tplecinnerrlgnd 17 of the
fixed contact arm 5 is Set back relalivé to the centtal plane ](centraﬁongltrﬂ%ma axis 15), Whereas the

inner end 48 of thieSkimbtalfic E8Ataee arri 68 Forvbard st the EftraIGTafe tekntrat fdhgltbidinal axis

19). The longitudinal extension of the contact arms 5 and 6, and 5 in particular of the plug-in contacts

14 of these contactarms 5 Saﬂgg& q&{iggs a3longi}ll.gginaglgérectg%rﬁggn\ghil% (;Ig/%yangverg? girection 21

runs perpendicular thereto within the central plane. 10 The housing base 3 has a base 22 running in

the transverse direfid 24%hd METutdBlly Spacéd bage Stutd PEU34A bxfehdifg ftheddngitudinal
direction 20 as welhas anethetzasecgrbossmémbel 2% exteadingdn ¢hehtrarsviessedirestiont21 and

connecting§aidib§s%g,§51ry]g%at(glge lb%&?lﬁﬂgé thereof. The base stilts 43, 24, invhigh the fixed
contactarm 5 anglth bigle allic contact arm 6 are ergbedd d, a]%d the %ase 22 as well as the base
crossmember 2874158 réterréd 16 heétBinafterds 8 base cr8dspiets, disting therdBatween & window-like

with five closed walls. The housing cover 4 can be
snapped onto the housing base 3 wvia its open side.
Figure 2 shows the safety switch 1 with a closed

20 housing 2, that is to say with the housing cover 4
fitted onto the housing base 3.

The contact arms 5 and 6 are bent, stamped parts made
of sheet metal, in particular tin-plated brass, with a
25 flat, rectangular cross section. The fixed contact arm
5 and the bimetallic contact arm 6 are embedded with an
interlocking fit in the housing base 3 since, when the
safety switch 1 is produced, the contact arms 5 and 6
are insert-molded with the material of the housing base
30 3. In this case, the contact arms 5 and 6 each protrude
out from the housing base 3 via a plug-in contact 14 at
an underside 13 of the housing base 3. The housing 2
and in particular the housing cover 4 are shaped for
example in the manner of a flat cuboid with a (housing)
35 narrow side 15 and a (housing) Dbroad side 16. The
contact arms 5 and 6 are embedded in the housing base 3
in such a way that the plug-in contacts 14 are arranged

parallel to one another, approximately centrally with



20 base cavity 26. The rivet 10, on which the bimetallic snap disk 7 is welded by means of the weld
plate 11, is fixed in this region to the inner end 18 of the contact arm 6 at a distance from the housing
base 3. The fixed contact 8 is welded onto the fixed contact arm 5 above 25 this fixing point 10, 11
formed by the rivet and weld plate in the longitudinal direction 20 and therefore in alignment with said
fixing point in the longitudinal direction 20. 30 A base Tontour 27 referred to hereinafter as a receiving
pocket is molded into the base crosspiece 25, is located in the assembled state between the fixing
point 10, 11 and-thedixed contacti8 indhe longitudinabdirectinn 26, andds peneatrateddyntbe 35 fixed
contact arm 5 inthe longitudinal direction 20 (figure 3). Two semi-circular base shells 27a and 27b are
thus formed, wherein the distance therebetween, or - 12 - the clear width therebetween, is determined
by the width of the fixed contact arm 5. Record! 5 In the assembled state, a compression spring 28 in
the form of a voltite sprrfg tefersed tahereinaftebas acconicakspnmipfod sAe liés k0th&yeeeiving

pocket 27 via it%basgfﬂq%gg@%gnd 28a. The crpss-sgetionakfree arga of the decgjving;pocket 27,
which 10 is laterally defined by the base shells 27a and 27b in the transverse direction 21, is adapted

to the relatively fari&'SpriRg dlambter of thE bakEsTde Spfifig €nd>28a 6f the corlical Spring™8. The
conical spring 284%¢ trectearizrontallcpasitoned intthe B5 hbusiag basé 3 ahel-sufficientfy beld at least

in a simplified apd seliable manrer cHiesapexzside springend 28hafdlie canical springr28 gpposite the
base-side sprln%gng 8a1protrudes mtotthgllgterlor 2 gf the iaé%ty (\évrltg:h 1 |§the %ibaa ésgmbly step

o t
shown in figure igure 3 shows the relaxed state of the Conica sprlnsguf : If:‘llgure , In a further

subassemfly stépgPshoisfe us&dfa PFC Fesistor29qreferred o hereRAftérSimply 25 resistor)
within the safetysswitelt 1 in the hewusing base-3nTle tasision 29 isrembogied asa cifciarplate
(resistor plate o%qﬁgsblgq_,gi.sk). The diameter of the plate-shaped or disk-shaped resistor 29 is again
suitably adapted to the inner diameter (clear width) of 30 the receiving pocket and is thus held in the
housing base 3 in an accurately positioned manner, again by means of the base pockets 27a, 27b as
a result of the laterahdelimgitativbn twwhentike tonicalspring @8ds pressed togettier. Ipacgerdance with

figures3and 4,.ontacts 14 of the contact arms 5 and 6 are each
arranged at the edge, whereas they are guided, in each
case, inwardly 1in the housing interior 12 toward the
center of the housing so that an inner end 17 of the
fixed contact arm 5 is arranged above an inner end 18

20 of the bimetallic contact arm 6. In this case, *“above”,
means the side of the safety switch 1 remote from the
housing base 3 and the plug-in contacts 14,
irrespective of the actual orientation of the safety
switch 1 in space. As can be seen 1in particular from

25 figures 3 and 4, the inner ends 17 and 18 of the
contact arms 5 and 6 are centered with regard to a
central longitudinal axis 19 (figure 3) of the housing

2, as viewed from the housing broad side 16.

30 As 1is relatively clear from figures 3, 6 and 7, the
inner ends 17 and 18 of the contact arms 5 and 6 are
bent out from the central plane of the safety switch 1,
defined by the plug-in contacts 14, by offset portions
of the stamped, bent parts, as viewed from the housing

35 narrow side 15, and extend in a slightly offset manner
parallel to the central plane or central longitudinal
axis 19. In this case, the inner end 17 of the fixed

contact arm 5 is set back relative to the central plane



35 it can be seen that the conical spring 28 and the resistor 29 are arranged on the contact arm 6
aligned in the longitudinal direction 20 and preferably centered with the central axis 19 between the
fixed - 13 - contact 8 and the rivet 10 used in the assembled state as a fixing point. Figures 5to 7
show the assembled state with the 5 bimetallic disk 7 arranged between the rivet 10 and the weld plate
11. In the assembled state, the oval bimetallic disk-7 islcentered in terms of its longitudinal extension
with the central axis 19 (figure 5) and is thus aligned in the longitudinal direction 20 10 of the safety
switch 1 and the(eentaetarmsdngnd 6thaeeof. Thesendof thedvigretallic snap diskéheldren the

contact arm 6 by geaps pfthe KYRLLQ 2fd the.weld plate I forms s fixing, point 10, 13 gt the

corresponding contact arm 6, whi e opposite free 15 end of the bimetallic snap disk 7 carries the
moving contact 9RGERS 6 MG 7T As(GEheé 3den HORPRgUes B and 72%the cohical sprihi§28 and the
PIC resistor 29 arenlotatedibetween the fixing pointtllde 1t of thebimetalic Snapdisk,7 and the
contacts 8,9. As 20 canbe sgen,the RIC registor, 29 directly contacts the bimetallic snapdisk 7 in a
planar manner. The base-side spring end 28a of the conical Seﬁgéqu 28 contacts the contact arm 5 of

k

the fixed contact 8'AriC in dGiig s3, R85 fhe rag&ivitg oot OHthR ASUSING Base 253, With its
opposite, apex-side spring ehd28b, tHeeconital spsing coatactsitheckIC resisto229 as tentsally as

possible, wheregdtfopas @i centeal tiltipoint30. 30dA its narmal pasitian ascarding to figure 6 with the
bimetallic snap disk 7 running at an incline in the longitudinal direction 20, the moving contact 9
contacts the fixed contact 8 at an incline and under bias. An electrically conductive connection
between the 35 Pify-ifesitaes 1P r3husprobaced 9ia teSntact arits's Bhd 6,tAe fixe8 contact 8,
the moving contact9 andrbe rivetdd: Thersafety switeh tisthus electricallyseenductivesindhe normal

state. The - 14 - bimetallic snapydisk. £ is.fpsmed in uchaway, ihat it suddenly ghanges 15 shape

when its temperature exceeds a trigger temperature, for example of 1700 c, predefined by the design.

As a result of thie'crahg¥Ft 5 shape tRE Mdvimf Entadtes RSO thE TixEd EGRGERE sothat the
electrical connettien existing setwe erdthedixedaontatt axmds anchthediimetallisacontabbarn 6 is

disconnected. Figurg 7-shows the safgpeswitchdsin the triggeredrpesition, The chapge 24 jn shape to

the bimetallic snap disk 7 is reversiple accordjng to the temperature thereof, such that jt springs back
into the normal §§$iti6ﬁl (f@ﬁr& ) naﬁtjsﬁg p%?&ﬁ?ecfa” Bélow 't tu?ﬁ ?erﬁﬁg\%ﬁfrélplrgdefined by

the design. 15 Inthe evéntofridgeding, whdes tikeelectricdl dommebigitbetean the fixedhéontact arm

5 and the bimetallie confaet asmd isdbigseuptetsduestodbe deffectionof the bimetallicasnap-disk 7, a
high- 20 resistance %Ie%glcal connection betwc;%?rktﬂ?ecch%a%tea%mts 5 apld 6 is maintained via the PTC

resistor 29 and fhe conlca‘T’%pr(fri(;3 38FProvided the overload condition once the safjevtqy_ switch 1 has

been triggefed atPthus afiow of<urrehfBetieBh thel fixedContdet afins ban® 685 &lhamtained, the
bimetallic snap disk id helated due teethedhepaliessthab 15 generatetdnthe ©3 Cloesister 30 directly

contacting the bimetaliic;spapdisk 7.3nd the himstallic spap disky ispreventgd from, cqeling below
the return temperature. Once | _ ,
arm 6 at a distance from the housing base 3. The fixed
contact 8 is welded onto the fixed contact arm 5 above
25 this fixing point 10, 11 formed by the rivet and weld
plate in the longitudinal direction 20 and therefore in
alignment with said fixing point in the longitudinal

direction 20.

30 A Dbase contour 27 referred to hereinafter as a
receiving pocket is molded into the base crosspiece 25,
is located in the assembled state between the fixing
point 10, 11 and the fixed contact 8 in the
longitudinal direction 20, and 1s penetrated Dby the

35 fixed contact arm 5 in the longitudinal direction 20
(figure 3). Two semi-circular base shells 27a and 27b

are thus formed, wherein the distance therebetween, or



30 triggered for the first time, the safety switch 1 thus remains in the triggered state as long as the
overload condition continues to exist. A ceramic-based non-linear thermistor is used for the 35 PTC
resistor 29. This heats up as a result of the current flow and limits the current to approximately 100
mA. This corresponds merely approximately to between one third and one quarter of the amperage
that - 15 - is required in the known solutions. In additiag, a relatively loose correlation between the
applied voltage and the output power is produced due to the non-linearity of the resistor 29. For the
primary 5 applicatien ia ag0n-beart: poweh supply Systefn) of adnotosvehicle,dbe supplieddemperature
and therefore the.pgwer remain r%lggi\é%y gggﬁtggp\éq:rn{[hg total conventional voltage range from
approximately 11 V to 14.5 V. This is a particular preference, accompanied by 10 the advantage of a
reduced power output. This in turn enables the use of a housing cover (housing cap) 4, which consists
of plastics mateRekesrthkrefore electrically insulating, and is snapped onto the housing base 3 in the
subsequent assembly,step.sloka.cQnirast g this electicalvinsulating housing £everd fa housing
cap, metal caps or the like, which may have to be insulated by means of an additional coating, are
always necessahy 'kndivn %ol\dﬁ&ﬁjstﬁuest%rc]tfﬁ%trﬁ&i%%%r?ogi n pArtichrar 18-t mperatire feasons. 20
On the whole, adPTC ¢edistor29 avihga stifface tehperature 6f1275:C @ethusipreferabiye selected,
which deviates frgm the standakd apd appearsto b therdppes limit fog this type-of RLG gesistor. The
surface 25 tempseral;y{% ofa T rre%istogs gf tgif% type us](_gd ggr. bf(i%ting i% QFrerPaIQ/;SOW% 9}: ost. Since
the PTC resistor 2§ contacts the bimétallic shap isk 7 d?rect]ly and infa planar mahner and to this end
is pressed dgairist tHebirietallie sAap Hisky7 Rith 680 §rtsficBiad ieersite efféctt/Ethéfnal
transfer, a particilarly eftective dreyeal iansfer asmell as a suificient lawwof current throngh the PTC

resistor 29 are thus epabled, 35 §§’r%%t0 adapt the nlﬂlgl%e@égf thgfbin@g%llic gg%gigggeduring the

opening process in the event of triggering, the PTC resistor 29 remains movable, since the conical

spring 28 does A& CIHiactlife réditioP29 1A% - 0VBlGddrge BFed) Hutih the Rsgion Bt théHilt point 30
and therefore insteadnp the 8entia regionovehtheismalt ebhtact areaiprodoeed thiereby.hiche contact

forge of thesconical,spr _ 2§a§9im§nsé9{apd fgﬂz%‘f‘iﬁ:é‘é\lﬁc}’l thatthe p@erq@ggksk@hapsd PTC
resistor 29 contacts the bimetallic snap djsk édeTffectlvelg and also does not ne tlveI\é influence the

snap behavior tRéradt. 10 The cONTpression Spring 3818 Frmed it sudR Eway tat it Ran B2 pressed
together as fullycasipassible £t isthus vakerrihtes aecount Hvat @nlea very small amoens ofispace is

available in ordeyde pogitien @nc aecoprpedatedbe compression sprirg 281N the safetytkieswitch 1,
more specificall)é ggtv)éeenswle fé)ﬁqedlconrtlaqggrm S, %g% 5@% gi etgl@g snap gviVsI%( Zl,nan]g.thggr said space
is additionally alreac?y ?éqwre In part be the PTC resistor 29. A coni%ressmn spring 28 With a conical

spring body and’theréfa#&1if tufn, tHePlse of ARvoltfel 26 3pring (@5 RicaP SprihGFis fisisarticularly
advantageous. Ehe tagicaBspring body is produced by continuously changing the coil diameter as the
spring wire is wound. 25 Such a preferred conical spring 28 is shown in figure
Figure 4, in a further subassembly step, shows the use
of a PTC resistor 29 (referred to hereinafter simply as
25 a resistor) within the safety switch 1 in the housing
base 3. The resistor 29 is embodied as a circular plate
(resistor plate or resistor disk). The diameter of the
plate-shaped or disk-shaped resistor 29 is again
suitably adapted to the inner diameter (clear width) of
30 the receiving pocket and is thus held in the housing
base 3 1in an accurately positioned manner, again Dby
means of the base pockets 27a, 27b as a result of the
lateral delimitation when the conical spring 28 1is
pressed together. In accordance with figures 3 and 4,
35 it can be seen that the conical spring 28 and the
resistor 29 are arranged on the contact arm 6 aligned
in the longitudinal direction 20 and preferably

centered with the central axis 19 between the fixed



8. The coils or windings of the conical spring 28 are changed in this case from coil to coil in the
longitudinal or axial direction of the spring in such a way that the coils can slide one inside the other as
30 the conical spring 28 is pressed together. To this end, the spring free end 28c is suitably curved
inwardly at the base-side spring end 28a in such a way that the spring height (block length) of the
conical spring 28 corresponds practically merely totwice the spring wire 35 thickness when said
conical spring is pressed together. The greatest diameter Db of the conical spring 28 at the base-side
spring end 28a thereefds approximaiely 4-mueand correspdnds at least apprexiraatelydoathe diameter
- 17 - of the PIQar sistqr.29 W&héé'fngzl) mm. The comcgl spring 28 contacts the fixed cqntact arm 8
at this large coil diameter le, whereas the smallest coil diameter Ds contacts the PTC resistor 29 at
the apex- 5 side spring end 28b of the conical spring 28. The PTC resistor remains movable as a
result of the merelycertsal contact with feimatiort bktheatispaint 80, inssuchea wai/tthat theeresistor 29

can advantggequshy.adapt {o the, movement of the pimetallic. gnap,disk 7, 40 Sg)as psalsgdrain the

conical spring 28 so that the feed can be automated, the spring free end 28c of the base-side spring
end is wound intiardly, preferibly in the pfane of the REEEBIPOFfhe gicatest coil 15 diam{étér Db. In the
event of an autdmatetidféed,the donical springs28 arethesgtevented fremrengagihg withtheir small

spring diameter Dsipithgdargeicoll.diametesDh,ofanather canical spring 28 and fram heeeming
hooked thereon55n a(%llqi'tion if the conical Zngring eis E(r)esseg&%getgfr 8grpgletel¥jkllsokr}![é two spring

coils thus lie one on top O%Fheto H%r,a\l/v ich s advan ageous?grlspa ial reasons. ‘I:ﬁé ickness of

the PIC resistor 2D id 25 dififerisiohed it 8Géh d way thatit ortaets aké birietalliccsnapdisk 7 both
when the safetytswitchck is imtlae swiichefl-ampositiar (figure 6) and whensaid/bimetallicosnap disk is
in the triggered or, switched:off position (figure 7) withqut.sliding;qut fropm the, 30 latera), moynting of
the receiving pocket 27: it is taken into account as a result of this constructional feature of the

provision of the Ptéfdily stipporfifgBase $hélls 378 57H thRCdiftérent thlerahdes &'k to beSexpected
with different amperagepasaimesultohtact arm 6, whilst the opposite free

15 end of the bimetallic snap disk 7 carries the moving
contact 9 (figures 6 and 7). As can be seen from
figures 6 and 7, the conical spring 28 and the PTC
resistor 29 are located between the fixing point 10, 11
of the bimetallic snap disk 7 and the contacts 8, 9. As

20 can be seen, the PTC resistor 29 directly contacts the
bimetallic snap disk 7 in a planar manner. The base-
side spring end 28a of the conical spring 28 contacts
the contact arm 5 of the fixed contact 8 and, in doing
so, lies in the receiving pocket 27 of the housing base

25 3. With its opposite, apex-side spring end 28b, the
conical spring contacts the PTC resistor 29 as
centrally as possible, where it forms a central tilt

point 30.

30 In its normal position according to figure 6 with the
bimetallic snap disk 7 running at an incline in the
longitudinal direction 20, the moving contact 9
contacts the fixed contact 8 at an incline and under
bias. An electrically conductive connection between the

35 plug-in contacts 14 is thus produced via the contact
arms 5 and 6, the fixed contact 8, the moving contact 9
and the rivet 10. The safety switch 1 1is thus

electrically conductive in the normal state. The



35 differently shaped bimetallic snap disks 7. The constructional embodiment of the conical spring 28
also ensures that it does not become rigid, even when pressed together (figure 6), and the PTC
resistor 29 - 18 - thus remains movable and does not hinder the snap behavior of the bimetallic snap
disk 7. To this end, a disk thickness of the PTC resistor 29 of (1.05 0.06) mm has proven to be
optimum. The disk diameter of the 5 PTC resistor 297 preferably (4.2 0.1) mm in this case. When
the contacts 8, 9 are closed (figure 6), the current flows from the contact terminal 14 of the fixed 10
contact arm 5 and the fixed eoniaet8 tpithle bimetalliccantact Sranshida the himetallicisnapdisk 7 and

the fixing point ]7% Fito the glilrgg@él'g Célpée}cé@é@e&vﬂpgnfrqg hecrgm\g%ygecggrées&gggg@sterminal

14. If the bimetallic snap disk 7 opens the circuit with a 15 sudden movement in the event of an

overcurrent, theopefdiing3itage fETRBhHpphigd to thePTCErediidr29 &id the Efrent flows from the
fixed contact armprediatheednical springi28 igrthe RECaesiston 29, and fronsthene vigethérbimetallic

snap disk 7sanddhg 20 fixipgoipifweld riveld 10, 11 to she bimetallicGontactarm 6.A0ue to the
embodiment and arrangem nt of the resistor 29 and the compression spring 28 and, also in particular

the direct contaGtBEtieEn the FesistdlPo ahdTheBiffetalic Shap Gek 7C5 sefficiehtly far§€ 25 thermal
input into the bifpetafkiesnap disk 7 isedsurethasiatresaitof the cuneént flowy, dndriherefdrecsaid

bimetallic snap disk femainsahove the snaphack-temperature. Thigstate is maintajged wndil the
voltage falls below e%pecisficivtaclzllgle ( orlmal c%%e) or {allse%% 80m%|§£ecl§{ (tj% zergh'(ghe %urrerét
(approximately (0] m,&s determined whifst tﬁe snapbg& tempe?ature is méintalnedcbyat]ﬂg resistance
of the PTC fesistdr 28higkelativelyl®. 35 TRE iviehfiors thdteferestelates 16 a FfilRtFrésEfety switch
1, preferably foratsedndnetgr vehicle ietectronies; comprising adousing base-8, fromawhichta fixed

contact arm 5 a@%?i‘?!%ta}ﬂg&o”&a}% arm B - 18 mhich,bas amavinggontact 9,and g pimetallic

snap disk 7 attached thereto, are led out, wherein a PC resistor 29 is brought into direct contact with

the bimetallic snapdisk#BySheans 6f a EGrhpressidhi'sping 28 ahdlig BelectiddlyhiAtegrated in such
a way that, as agesdk of thedhéat gemerated foyrthe PC resistor, the bimetallic snap disk 7 remains in
the open pasition thereof in the event of triggering. 10 - 20 - List 1 2 of
In the event of triggering, when the electrical
connection between the fixed contact arm 5 and the
bimetallic contact arm 6 1is interrupted due to the
deflection of the Dbimetallic snap disk 7, a high-
20 resistance electrical connection between the contact
arms 5 and 6 1s maintained via the PTC resistor 29 and
the conical spring 28. Provided the overload condition
once the safety switch 1 has been triggered and thus a
flow of current between the fixed contact arms 5 and 6
25 is maintained, the bimetallic snap disk 7 is heated due
to the thermal 1loss that 1is generated in the PTC
resistor 30 directly contacting the bimetallic snap
disk 7, and the bimetallic snap disk 7 1is prevented
from cooling Dbelow the return temperature. Once
30 triggered for the first time, the safety switch 1 thus
remains in the triggered state as long as the overload

condition continues to exist.

A ceramic-based non-linear thermistor is used for the
35 PTC resistor 29. This heats up as a result of the
current flow and limits the current to approximately
100 mA. This corresponds merely approximately to

between one third and one quarter of the amperage that



reference signs safety switch housing 5 3 housing base 4 housing cover/cap 5 fixed contact arm 6
bimetallic contact arm 7 bimetallic snap disk 10 8

_15_

is required in the known solutions. In addition, a
relatively loose correlation between the applied
voltage and the output power 1is produced due to the
non-linearity of the resistor 29. For the primary
5 application in an on-board power supply system of a
motor vehicle, the supplied temperature and therefore
the power remain relatively constant over the total
conventional voltage range from approximately 11 V to
14.5 V. This is a particular preference, accompanied by
10 the advantage of a reduced power output. This in turn
enables the use of a housing cover (housing cap) 4,
which consists of plastics material, is therefore
electrically insulating, and 1s snapped onto the
housing base 3 in the subsequent assembly step. 1In
15 contrast to this electrically insulating housing cover
4 or a housing cap, metal caps or the like, which may
have to be insulated by means of an additional coating,
are always necessary 1in known solutions due to
construction and in particular for temperature reasons.
20
On the whole, a PTC resistor 29 having a surface
temperature of 275 °C is thus preferably selected,
which deviates from the standard and appears to be the
upper limit for this type of PTC resistor. The surface
25 temperature of PTC resistors of this type used for
heating is normally 250 °C at most. Since the PTC
resistor 29 contacts the bimetallic snap disk 7
directly and in a planar manner and to this end is
pressed against the Dbimetallic snap disk 7 with a
30 specific bias to ensure effective thermal transfer, a
particularly effective thermal transfer as well as a
sufficient flow of current through the PTC resistor 29

are thus enabled.

35 So as to adapt the movement of the bimetallic snap disk
7 during the opening process in the event of
triggering, the PTC resistor 29 remains movable, since

the conical spring 28 does not contact the resistor 29



fixed contact 9 moving contact 10 rivet 11 weld plate 12 interior 15 13 underside 14

10

15

20

25

30

35
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over a large area, but in the region of the tilt point
30 and therefore instead in the central region over the
small contact area produced thereby. The contact force
of the conical spring 28 is dimensioned in such a way
that the preferably disk-shaped PTC resistor 29
contacts the bimetallic snap disk 7 effectively and
also does not negatively influence the snap behavior

thereof.

The compression spring 28 is formed in such a way that
it can be pressed together as fully as possible. It is
thus taken into account that only a very small amount
of space 1s available in order to ©position and
accommodate the compression spring 28 in the safety
switch 1, more specifically between the fixed contact
arm 5 and the bimetallic snap disk 7, and that said
space 1is additionally already required in part by the
PTC resistor 29. A compression spring 28 with a conical
spring body and therefore, in turn, the use of a volute
spring (conical spring) is thus particularly
advantageous. The conical spring body is produced by
continuously changing the coil diameter as the spring

wire is wound.

Such a preferred conical spring 28 1is shown in figure
8. The coils or windings of the conical spring 28 are
changed in this case from coil to «coil in the
longitudinal or axial direction of the spring in such a
way that the coils can slide one inside the other as
the conical spring 28 is pressed together. To this end,
the spring free end 28c is suitably curved inwardly at
the base-side spring end 28a in such a way that the
spring height (block length) of the conical spring 28
corresponds practically merely to twice the spring wire
thickness when said conical spring is pressed together.
The greatest diameter Dy of the conical spring 28 at the
base-side spring end 28a thereof is approximately 4 mm

and corresponds at least approximately to the diameter



plug-in contact 15 housing narrow side 16 housing broad side 17 inner end of the fixed contact arm
20 18 inner end of the bimetallic contact 19 central longitudinal axis 20

- 17 -

of the PTC resistor 29 with (4.2 = 0.1) mm. The conical
spring 28 contacts the fixed contact arm 8 at this
large coil diameter Dy, whereas the smallest coil
diameter Dg contacts the PTC resistor 29 at the apex-
5 side spring end 28b of the conical spring 28. The PTC
resistor remains movable as a result of the merely
central contact with formation of the tilt point 30, in
such a way that the resistor 29 can advantageously
adapt to the movement of the bimetallic snap disk 7.
10
So as to also train the conical spring 28 so that the
feed can be automated, the spring free end 28c of the
base-side spring end is wound inwardly, preferably in
the plane of the last coil of the greatest coil
15 diameter Dyp. In the event of an automated feed, the
conical springs 28 are thus prevented from engaging
with their small spring diameter Dgs in the large coil
diameter Dy of another conical spring 28 and from
becoming hooked thereon. In addition, if the conical
20 spring 28 1is pressed together completely, only two
spring coils thus lie one on top of the other, which is

advantageous for spatial reasons.

The disk thickness of the PTC resistor 29 is
25 dimensioned in such a way that i1t contacts the
bimetallic snap disk 7 both when the safety switch 1 is
in the switched-on position (figure 6) and when said
bimetallic snap disk 1is in the triggered or switched-
off position (figure 7), without sliding out from the
30 lateral mounting of the receiving pocket 27: it is
taken into account as a result of this constructional
feature of the provision of the laterally supporting
base shells 27a, 27b that different tolerances are to
be expected with different amperages as a result of
35 differently shaped Dbimetallic snap disks 7. The
constructional embodiment of the conical spring 28 also
ensures that it does not become rigid, even when

pressed together (figure 6), and the PTC resistor 29



longitudinal direction 21 transverse direction 22 base 25 23, 24 base strut 25 base crossmember
26 base cavity 27
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thus remains movable and does not hinder the snap
behavior of the bimetallic snap disk 7. To this end, a
disk thickness of the PTC resistor 29 of (1.05 = 0.06)
mm has proven to be optimum. The disk diameter of the
5 PTC resistor 29 is preferably (4.2 = 0.1) mm in this

case.

When the contacts 8, 9 are closed (figure ©6), the
current flows from the contact terminal 14 of the fixed
10 contact arm 5 and the fixed contact 8 to the bimetallic
contact 9 and via the bimetallic snap disk 7 and the
fixing point 10, 11 to the bimetallic contact arm 6,
and from there via the corresponding terminal 14. If
the bimetallic snap disk 7 opens the circuit with a
15 sudden movement in the event of an overcurrent, the
operating voltage 1is then applied to the PTC resistor
29 and the current flows from the fixed contact arm 5
via the conical spring 28 to the PTC resistor 29, and
from there wvia the bimetallic snap disk 7 and the
20 fixing point (weld rivet) 10, 11 to the bimetallic
contact arm 6. Due to the embodiment and arrangement of
the resistor 29 and the compression spring 28 and also
in particular the direct contact between the resistor
29 and the bimetallic snap disk 7, a sufficiently large
25 thermal input into the bimetallic snap disk 7 is
ensured as a result of the current flow, and therefore
said bimetallic snap disk remains above the snapback
temperature. This state is maintained until the voltage
falls below a specific wvalue (normal case) or falls
30 completely to zero. The current (approximately 100 mA)
determined whilst the snapback temperature is
maintained by the resistance of the PTC resistor 29 is

relatively low.

35 The invention therefore relates to a miniature safety
switch 1, preferably for use in motor wvehicle
electronics, comprising a housing base 3, from which a

fixed contact arm 5 and a bimetallic contact arm 6,



receiving pocket 27a, b base shell 30 28 conical/volute spring 28a base-side spring end/coil 28b
apex-side spring end/coil 28c spring free end 29
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which has a moving contact 9 and a bimetallic snap disk
7 attached thereto, are led out, wherein a PTC resistor
29 1is brought into direct contact with the bimetallic
snap disk 7 by means of a compression spring 28 and is
5 electrically integrated in such a way that, as a result
of the heat generated by the PTC resistor, the
bimetallic snap disk 7 remains in the open position

thereof in the event of triggering.

10



PC resistor 35 30 tilt point base-side spring/coil diameter Ds apex-side spring/coil diameter - 21 -
Claims 1.A miniature safety switch (1) for use in motor vehicle electronics, comprising a housing (2) 5
formed from a housing base (3) made of insulating material and a housing cover (4) that can be fitted,
or is fitted, thereon, two elongate and flat contact arms (5, 6) being embedded parallel to one another
in terms of 10 the longitudinal direction (20) thereof i the-housing base (3) and being led at the base
side from the housing base (3), inside the housing a fixed contact (8) being attached to a first contact
arm (5) and a 15higetaltic saap tiskdd) baying a moving contact( 9 ) being attached to the second
contact arm (6), and aPTCresistor(29)beingelectrically incorporated in such a way that, as a result of

1 safety switch
2 housing
5 3 housing base
4 housing cover/cap
5 fixed contact arm
6 bimetallic contact arm
7 bimetallic snap disk
10 8 fixed contact
9 moving contact
10 rivet
11 weld plate
12 interior
15 13 underside
14 plug-in contact
15 housing narrow side
16 housing broad side
17 inner end of the fixed contact arm
20 18 inner end of the bimetallic contact arm
19 central longitudinal axis
20 longitudinal direction
21 transverse direction
22 base
25 23, 24 base strut
25 base crossmember
26 base cavity
27 receiving pocket
27a, b base shell
30 28 conical/volute spring
28a base-side spring end/coil
28b apex—-side spring end/coil
28c spring free end
29 PTC resistor
35 30 tilt point
Dy base-side spring/coil diameter

Ds apex-side spring/coil diameter



20 the heat generated by the PTC resistor, the bimetallic snap disk (7) remains in the open position
thereof in the event of triggering, characterized in that the PTC resistor (29) is brought into
direct 25contact with the bimetallic snap disk (7) by means of a compression spring (28), the
compression spring (28) being supported on the first contact arm (5) beneath the fixed contact (8) in
the longitudinal direction (20). 30 2.The miniature saféty switch (1) as claimed in claim 1, characterized
in that the compression spring (28) is a conical spring, 35 of which the base-side spring end (28a)
contacts the contact arm (5) and of which the apexisidenspring end (28b) contacts the PIC resistor
(29). - 22 - 3. The miniature safety switch (1) as claimed in claim 2, characterized in that the diameter
(Db, Ds) of the compression spring 5 (28) is approximately 2 mm at the base-side spring end (28a)
thereof and is approxirftatély 2R RFatthe® ap&t-LideS ¥piind entt(28K) theréGt 4. The Ritniature safety
switch (1) as claimed irndBctlaim 2 @3 chacacterized byamisksshapedP TG sesistoy (29)2 the disk
diameter ofswhich corresponds te the, diameterBh) ofthe.compression spring:(28) ak the Base-side
spring 15end (28a) theI%%c%f.

erial and a housing cover (4) that <can be
fitted, or is fitted, thereon,
- two elongate and flat contact arms (5, 6) being
embedded parallel to one another in terms of
10 the longitudinal direction (20) thereof in the
housing base (3) and being led at the base side
from the housing base (3),

- 1inside the housing a fixed contact (8) being

attached to a first contact arm (5) and a
15 bimetallic snap disk (7) having a moving
contact (9) being attached to the second

contact arm (6), and
- a PTC resistor (29) being electrically
incorporated in such a way that, as a result of
20 the heat generated by the PTC resistor, the
bimetallic snap disk (7) remains in the open
position thereof in the event of triggering,
characterized in that
the PTC resistor (29) is brought into direct
25 contact with the bimetallic snap disk (7) by
means of a compression spring (28), the
compression spring (28) being supported on the
first contact arm (5) beneath the fixed contact

(8) in the longitudinal direction (20).

30
2. The miniature safety switch (1) as claimed in
claim 1,
characterized in that
the compression spring (28) is a conical spring,
35 of which the base-side spring end (28a) contacts

the contact arm (5) and of which the apex-side

spring end (28b) contacts the PTC resistor (29).



5. The miniature safety switch (1) as claimed in claim 4, characterized by 20a disk diameter of the PTC
resistor (29) of (4.2 0.1) mm and a disk thickness of the PTC resistor (29) of (1.05 0.06) mm. 6. The
miniature safety switch (1) as claimed in 25claim 4 or 5, characterized in that the apex-side spring end
(28b) of the compression spring (28) contacts the disk-shaped PTC resistor (29) centrally. 30 7. The
miniature safety switch (1) as claimed in one of claim&4 toe 6, characterized in that the first contact arm
(5) carrying the fixed 35 contact (8) is guided through a pocket-like pocket-like base contour (27) of a
housing crosspiece (25)Hanninonina: tiaasverse stirection {2hrelgtive taathe eardaetsarm (o), - 23 -
and in that the compreggiggﬁpﬁipg (28) is inserted via its spring end (28a) remote from the PTC
resistor (29) into the base contour (27), where 5it is supported at least laterally. 8. The miniature safety
switch (1) as claimed in one of claims 138%% @Rafctéfzedih thaPtothe bimetallic snap disk (7) is
attached to the the diameter (Dy,, Ds) of the compression spring

5 (28) is approximately 2 mm at the base-side spring
end (28a) thereof and is approximately 4 mm at the

apex—-side spring end (28b) thereof.

4., The miniature safety switch (1) as claimed in
10 claim 2 or 3,
characterized by
a disk-shaped PTC resistor (29), the disk diameter
of which corresponds to the diameter (Dy) of the

compression spring (28) at the base-side spring

15 end (28a) thereof.
5. The miniature safety switch (1) as claimed in
claim 4,

characterized by
20 a disk diameter of the PTC resistor (29) of (4.2 =
0.1) mm and a disk thickness of the PTC resistor

(29) of (1.05 £ 0.06) mm.

6. The miniature safety switch (1) as claimed in
25 claim 4 or 5,
characterized in that
the apex-side spring end (28b) of the compression
spring (28) contacts the disk-shaped PTC resistor
(29) centrally.

30

7. The miniature safety switch (1) as claimed in one

of claims 1 to o,

characterized in that

- the first contact arm (5) carrying the fixed
35 contact (8) 1s guided through a pocket-like
pocket-like Dbase contour (27) of a housing
crosspiece (25) running in a transverse

direction (21) relative to the contact arm (5),



second contact arm (6) at a fixing point (10, 11), the PTC resistor (29) being arranged between the
fixing point (10, 11) and the moving or fixed contact (8, 9) in the longitudinal direction (20). 15 9. The
miniature safety switch (1) as claimed in one of claims 1 to 8, characterized in that the PTC
resistor (29) contacts the bimetallic snap 20disk (7) approximately centrally. 10. The miniature safety
switch (1) as claimed in one of claims 1 to 9, charaetetized in that 25the PTC resistor (29) is
electrically contacted with the first contact arm (5) via the compression spring (28) and with the second
contact arm (6) via the bimegtallic snap disk (7), such that a current flows across the PTC resistor (29)

in the 30event of triggering;and heats said RTGIeSISION,  spring (28) is inserted
via its spring end (28a) remote from the PTC
resistor (29) into the base contour (27), where

5 it is supported at least laterally.

8. The miniature safety switch (1) as claimed in one
of claims 1 to 7,
characterized in that
10 the bimetallic snap disk (7) 1is attached to the
second contact arm (6) at a fixing point (10, 11),
the PTC resistor (29) being arranged between the
fixing point (10, 11) and the moving or fixed
contact (8, 9) in the longitudinal direction (20).

15
9. The miniature safety switch (1) as claimed in one
of claims 1 to 8§,
characterized in that
the PTC resistor (29) contacts the bimetallic snap
20 disk (7) approximately centrally.
10. The miniature safety switch (1) as claimed in one
of claims 1 to 9,
characterized in that
25 the PTC resistor (29) 1s electrically contacted

with the first contact arm (5) via the compression
spring (28) and with the second contact arm (6)
via the Dbimetallic snap disk (7), such that a
current flows across the PTC resistor (29) in the

30 event of triggering and heats said PTC resistor.



