; BCe3eF&C2j 6T&, / 14/ 5/ 2003 El ectroni ¢ apparatus having a vibration-sensitive
constructional unit The invention relates to an el ectroni c appar at U488 ng
a vibration-sensitive constructional unit accommobdated in a housing, the
housi ng and the vibration-sensitive constructional unit being coupled by
danpi ng ngﬁ Such an electr%nlc unit. i's known, for exanpl e from DE 39 14
303 A1 FEONIGFRRATAIS HAYIRE ¢ KID[FEAR SHISIV G SAnSEsiofanti t h a | i near

spring- force characteristic in order to provi de isolation from externa

vi brations and shocks between the apparatus chassis or deck and the
nmounting structure or housing of the apparatus. The vibration anplitude of
such helical springs for excitation by vibrations of conparatively | ow
frequency is larger than for 10 excitation by vibrations of conparatively
hi gh frequency. In such apparatuses the vibration clearance for the

vibration-sensiti VEThQ%%ﬁtYdﬁ%lht@@@'an%@c&orﬁé‘%%&ﬂk*ﬁ%;ﬁ%%ﬁn&%n‘%‘%R{v@d to the

| owest excitation frequencies occur 1noperatio I's an object of
t he i nveneensiuationg ubis peremanredaipd irsahtaysingfthe ipasing ped e vibrasignisensitive openi ng

par agr aph 8 required for the
vi brati oncosn\g{r%g(irnt ?@ghl%@eﬁé%n géggpldgﬁggggﬁgﬁ is reduced. According to the
invention this object is achieved in that the danping neans conprise at

| east gne spring aiy angeng tmm%}{lit ‘lqm%‘wﬁ%}%%mpﬂ% Cb%%b%'a%s‘m fifls ! S

progressive in three grreeton ressi’ve spri
c har acter kmctwmaptpmtms u$ds at:hdah@rmmw ntlga flmac@rmgdmeastmﬂucﬂﬂs%mmdmg teessi vel y,

. e. super |on as. the .vibr t|o elnre ses, %’h spring
char act or PRVIEE RoliPE fomexsPabrBBuPyand shehs BBV em A TruREs SRER ac b8, S0UI 1
in a progamﬂﬁemeuﬂa@pumgm@hrhmbﬁ@kﬁﬂm&pmmaairhéhmemodampmmd@MBuMﬂ space.
The three g ct.i ons in, S‘E’ % re. defrl ned as cfi ections i.n s&aﬁg g)f a
Cart esi an f‘ﬂ%ﬁ r G URton by Mpsatiens af eompprfreelHlosy requeney isBresT AR B syst em
is theo pesfitticityyvibrafiesio€cbnmpardiiely dighdrluendy.ah sidh@ipparitgies tdi vitdhtiaaxi s of
t he spring, arrange }:}é Thus, . vibrations that occur are d e
pr ogr essi 3@#911%63%&5@ faghrsei g EonSryrSow R sl tﬁ%@ ttfd@"ﬁ?dd orige
| owfr equesHeyt xbittioh | Ifr@@&nblgs ﬂh@tdjé@lgdn a@ra&hoﬁesul t of the non-linear tuning of
the springs with progressive spring characteristics. This results in a

It is an object of the invention to provide an apparatus of the type defined in the
opening paragraph, wherein the vibration clearance required for the vibration-sensitive

15  constructional unit is reduced.

According to the invention this object is achieved in that the damping means
comprise at least one spring arrangement having a spring characteristic which is progressive in
three directions in space.

A progressive spring characteristic means that the spring force increases

20  progressively, i.e. superproportionally, as the vibration amplitude increases. The spring
characteristic, which is progressive in three directions in space, results in a progressive
damping of vibrations in all three directions in space. The three directions in space are defined
as directions in space of a Cartesian coordinate system. One axis of this Cartesian coordinate
system is then preferably oriented in the direction of the longitudinal axis of the spring

25  arrangement. Thus, vibrations that occur are damped progressively in three dimensions.

The vibration amplitude of the low-frequency vibrations is reduced as a result
of the non-linear tuning of the springs with progressive spring characteristics. This results in a

reduction of the vibration clearance required for the vibration-sensitive constructional unit in
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reduction of the vibration clearance required for the vibration-sensitive
.constructional unit in 14/ 5/ 2003 all three directions in space 14003
consequently, of the construction volunme of the el ectronic apparatus in al
three directions in space. In the advan%ageous enbodi ment of the invention
defined in aim 2 the spring arrangenmert conprises a heljcal spring with
non- | i neaf % TCEIPTE {1} $Race 2pf; COnsrgHetly rif dhe %oangmcw ¥olyrag of the elpgirogic

non- | i neagppaiisNg alt NRdcatifebtidnS id af the helical spring which is progressive
in the axial direction of the helical spring. A spring core is arranged

i nsi de the helical 3piaAyantagas capdimeryof theamcatiedafisatinGaim 4ihaSPER t he
helical spEifgmandomP@ses RhéRgl GBHEwRRhoRBhIAy SPEd ARls: THIDHeh-likdar ipaciaghi eved
that as the vibration anplitudé increases an’increasing nunber of turns of
t he hefi caisulspnamgn-tinens sprigsherasteristic ofvhe helicakspsipg Whigh dopregressivedn thesul t of
whi ch t he, ¥Lkatd ner; | M [l ' i bration
anplitudeagagﬁg&gggggg}ghégggﬁgpggpﬁgaggﬁgg¥§%5%gﬁﬁ%??ﬁﬁﬁéﬁ rgggggsive in
space di r etial olngrandsibetweex the muiny efdhahdligal\spritg and dheespting eore het bemigicorstans pr i ng.

I n the adyqot - [ - t.he i [ ' ' | he
cpring co Bt £ Ry Eur e N e flon K BRIal o Rl bl Bt ok o

bet ween t ke helicahsprivg come int@etdantaat with the ppringroam s 4 feeuls@fwhich thorvibratinuy aases

om e BB B b T SRR SRR | e

near t
t he spri ngbteinedwhsh conpgesaive iedpgcesdimbtions whidhexteadiradiatie withbespedt cnthsensi ti ve
constructkqna@ unit it is conparatively |arge. Therefore, when the

vi br at i on?8EAsTPH e constructional unit is subj ected to vibrations the

hel i cal spring, as Ik advdncagtdudrmdoginehtiod ehelifehiasdSined inrGlhinCD1Re Spript 0 20
contact with the part of th ring.core situated near_the haqysing. Wen
The. vi br aboe SeABitorgier it e Ay T RO e PeMEs e HROLIEOR e e of
t he haki ca;%]ri@rahhﬂ@ sBENECOrdinBre8R8 frati ttheMduking oy afR thagbia@éEsenyivch results in
a spring characteristic which is progressive in space directions oriented
radial |y GPTHUGHOBHERL ifoneandeharsinghe eprrreg betgen 16 frsByRieht hejicalishring

progr essi ¥gd MabRing&oris éé]ﬁ)avdtibélztsinﬁm, wHiR nbdriéltevibrdRorl-&nbifife @RVRIRIBHEOUS
enbodi nent defined in Claim4 the sprlng core is connected to the,

vi br at i onuBiEH s Gomparagisily larase Thesefare. when thewhratienpapsifivie pensijuctippugitéss al ong
Wi th the \idtaddi9DivsR08d thi HQickPRLE, U§ e ARdtioH Rinplitudd ficFeat ArstChRiRS ARCE
between the turns of the helical spring and the spring core in the present
embodiZfie neomest ith shepartiob thesprangrrourssityaied aeea thgdousiee. YWhen she Wbrademsi ti ve

const 1 uct baBbdiAblkasel e Ahorl s WRBAIJ A SRR kA spakrpGibonal uni
the 30 clea?ance be%ﬁeen the t%rnsgof tﬁé ﬂg?icaL sﬁfﬁﬁg_an thé spring
core is copnient sithyhke springredre, whighi results tn 4 spring elggacteristiewhich tsrpgegreseiae it he

housi ng. for. i .00~ Lt J . i unit is
ub; eot ed Pt it dlafaq o ko0 S BB Rl Erii AL EHRLAGRR, st 2
turns of plegressve Gaipingxfitiyvibietiersdneditiiear t he vi brati on-sensitive
constpycti onal wunit 0 tilal b it 1€. S core. \Wen
t he VF ration anpl#?gggEY%gié%%gg%?ﬁg%ﬁé%ﬁg%ﬂgk%%%é%ﬁ%gﬁugﬁg?g%sing nunber
of turns obnnetied toghé cibtatiepsdnsigve amstruckibim! anindralc tonagdquiantiyh) eibsgdesialgg eathe,

which resylts in a sprin haracteristic which is.progressive.n .a.radial
di rect on et BfiisPrrei LS The Gel Ve sk Rt fe Bnk i it
anpl i t udesprixfg anti ehewsphingdaroin-tseprsdehi antbodmenit desedased Midin the hdusinghewaddbiaei nent s

of the elegtronic aratus.in accordance wth the.invention are.spitable
for use i NOLORsERTVEEORTPCRRE - BEPk T I ArpH0rseBi G CORTLTRmALYH g o

di scs 30suehamficeltetweei &iFRlas 88e BilichNbEngliid ted Peihg 06t & cRRParadldlf sthdll,
accordance with the invention is rtjcularly suitaple faor nounting in
mot or veh"&Hed iheapgadvely r%thfﬁlt#lEEOl}S%rrTfieﬁef%twew hyibragen-peasitivey t ed and

nuner ous ¢hRiradtionNindfis fbfeb©a RNNibrhafiG UBNHi @ fbraAfes UnpHthdé NerehRS, dnlytge 10 Some
enbodi nents of the invention will be described in nore detail, by way of

exanpl e, WrEROLRG keligt sprinesitpigineas the vibsatipnsensitiye CaRsiptingal unif CORE dr awi ng:
Figure 1 igtialyRh@Romh&@Widfthédpritk 866 NWORNGhEPBALISH MapINad iNGtesbes further an

vi bration-sensitive constructional unit which is coupled to the housing of
the el ectronic apparatus by neans of 15 four spring arrangenents,




Figure 2 shows a spring arrangenent conprising a cylindrical helical spring
havi ng non-linearly spaced turns, a conical spring core secured to 4#$&003
housi ng bei ng di sposed inside the cylindrical helical spring, Figure 3
shows a spring arrangenent conprising a3cy|indrica| hel i cal spring 20
havi ng non-1linearly spaced turns, conr’cal ,spring core secured to the
Vibrati onieESng nabe: b st e dlisel eine cojas P eﬂngaﬁbvy@aﬁw ARTIHEFOF gy @y hic

eyl indri c@dsultehlaGalingSdhalaB@risticvelidiBis fropRONG: i a$RTidl itte@oh ANE RORREuANTRA | Si NY
a conical helical spring havpng_non-lgnearl%_s%aqed turns, a conical spring
core secup@perssivhdaningsefibe yhrten amalivedss af the vibssiopfiensitiya censirugionalc al
spring. 29,figure 1 is a plan view of an electronic apparatus having a
housi ng 1, which acconmpdates a vibration-sensitive constructional unit 2.
The vi gr at i on- sensilhiegmbediments aEthe elsefronigApparatup 1 aseergensd With thejavansosi ng 1
by neans i : : J; s : ch
conpri se gkégﬂﬁﬁ%ﬁ?gﬁpgﬁ@%&@%@ggﬁP%§8§351$ﬁ3§§3*§%%?F§§F9 elg%gf§g%$ings 4
have non 3@ eximplaDs os PXYEsdTharlestronig gpparatessecopdaneghvighthp inygnteonds ve spri ng
characterigst. [ 1N ILect i - i.tudi nal axes of
tho oyl i ndearrpbfAE KA et ek 6L bl tlo B ERPHL AR, 3 Cach
have one eehdclseis limitedd aml riunerdvs wiraignd ofatitferam dteheancies decinduring the ride.
vibraﬁbonsensitive constructional unit 2. The conical spring core 5 is

fi xedl'y connected to the housing 1. The end of the conical spring core 5 is
slightly spaced fr @onicleenbedibteatsiof the Siratidn will be ddstrib&d idGih3e detaihibg tayof | ona
unit 2, as a rnesu t gf mhigp a v%bra&hp%'cLea&a ce S.is available for the
vi brat i onSEHERIE W TRIGHREES dE§UEH ) © dRT thesraving, %B‘Fi HY"' % r angenents 3 serve
to provide isol ati digdré 08 plireviendlof s dléctiohid Appaaata IvinghoGhtatidnedestve t he
housing 1 and the vibratiaon-sensitive constructional unit 2. 5 Figure 2
Shovs ©he SGBHSHPAl PGSR pS s S GRS e CORE RSy Bl « he

Vi br atisont&#Rpridgd at@ngeditatsf uctional unit 2 to an enlarged scale. The

i ndi vidual turns of_the _cylindrical helical spring 4 are spaced apart
non-linearly. In tH&EWF 25k SRHRHIEANEHREN SORPTiFNeFetviBdirat B aPHE i n a
central p@lh&ih?ﬂorpﬁnéfaﬂ?zﬁ@éd tafHs, 25ddhichGpAng Soré ScRA td thaRodshgibaRgAngod@r ti ons
of the helical spring 4. As a result of this, a progressive spring

char act er ii®sidechs eyliggyical prdigalispringne 10 direction of the longitudinal axis Z
of the helical sprimgéssihig a%?fih@&r&@érﬁer@c&ﬁ&ris%g%%iﬁ&ica} 10841 spriveh o
converges in a direction fromthe housing 1 towards the vibration-sensitive
const r2dct ihayiag nemiineardy spagedstupng s dopicalfspring eore sacured toahp Vibasignsensitive he r adi al
cl earance j gl di O gk dual turns of the

hel i cal sﬁ??értlrgc%ngﬁ%h?’l ﬁlélgg %??%g%g?éggypﬁﬁgggﬂgggdl?%ﬁf direction fromthe
housi ng 1 towards tHigurg#ishews aomrisgarsangerpent egmprisinget Jopisal helipdl spring pginghen

t he housi 31 | d -\ i ] i .spring 4,
s the vi Dot nidly SHREERERS e bk HAE GRS b WeWoufile LA JLEaR

coni cal spie qogicaldelicd springt he proximity of the housing 1. As the vibration
anpliggde i ncreases further an increasing nunber of turns of the helical
spring™4 conme into contact with the spring core 5. This results in a

pr ogr essi \Fegudahisiapdanofiew hfanvdldziratic epymravds Haninp e Asusigg \ imhichtacammaedatestude by

means of the 20 spring arrangenment and.. consequent]ly,. in a. Rprogressive
opr i ng_chatbfERuE Rt BT S e APy pE SRR RN Fharohd] By A
ar r angenenrbspléd tawchoasing v &y alehnsf 6@ epririgerasgeiieAs 3CThy eihg hirgige@entn3 all

three directions .in spacge. . the .ca of .excitation by vibrations of
conpar at i VAFRLOMBRSG 3 @E‘ﬂgﬁ%ﬂlh‘g’ﬁ%} Rt %&ihS ﬁylé{'ﬁﬁf:arl?‘ﬁlbcggs%%gsn%F‘fVSé‘Pn's prings are
Ihar ﬁe ][30t hamedrly sbilkfféd Gans adi re@&qc@)fhvﬂiiémoéwsls% Rprartgl dhgﬁct@fist'ﬁga@ ebRakaln t‘hﬁl y

ig requency. equi red vi tion ¢ rance S s t herefore, be
adapt ed t SIreFHonp & longipidinabves ot e exf}wéﬁea?gghcehsw @&ge Fih‘“’gﬁéaﬁ E?lfcah. The
el ect r oni GpARRAALHIavE BANIsBeukd dtb iR hbudify PARS R6MEBY dhddo Bl viratlddD appar at us
intended for use in a notor vehicle. In a notor_vehicle the nounting vol une

avai | abl e SEwsitive Gepstractionalamitzy fhe qogicalspringeqre afy fxedjyropragted Ay thg hpusing'l.  of
the progreggieN@ofSRé Edttab g e4:851iSdlighly SacddTFond Bk ivitBatRhaNagRENt S 3 the
vibration 30 anplitude for The | owest vibration frequency, which dictates
the nmounting volune, is reduced, thereby allowing the vibration clearance S
and thus the overall nounting volune for the housing 1 to be reduced in
conparison with that for arrangenents having |inear spring characteristics.
14/ 5/ 2003 Figure 3 shows an alternative spring arrangenent 6 conprising a
cylindrical helical spring 7. This spring arrangenent 6 can al so be used
for the isolation between the housing 1 and the vibration-sensitive
constructional unit 2 as shown in Figure 1. The cylindrical spring 7 is
fixedly nounted between the vibration-sensitive constructional unit 2



5 and the housing 1. A conical spring core 8 is arranged inside the
.cylindrical helical spring 7 but, instead of being fixed to the houk¥¥2§oi
as in the arrangenent shown in Figure 2, it is fixed to the

vi bration-sensitive constructional unit 2. The conical spring core 8 thus
vibrates along with the vibration-sensitve constructi onal unit 2. The
spring corfensguetionalumitdedi el of yhich arvityptiandearanpe ® isaveilabiesdor thevibrationn

accor dancgepdifvh c&rla,&uétmmmtqnm \tﬁaﬁg&%&nmm& td prod¥idedsolfion @Ml t  of
this, the radial clearance direction r between the turns of the
hel i cal spgkiemgl Wbrawstahé(ot@ﬁﬂ@éﬁw@pﬁ the Gousiiigel Bddbeyib@essansigivg t he housi ng 1
t owar ds thnSyﬁJ% El'dﬁﬂ'zsens' tive constructional unit 2. A consequence of
this is that en the vibration-sensitive constructional unit is subjected
to vibbations, ini thigire§ shdve thaspnig efrangbmertied ararged petveen thie béusingt!eddd near
the vibra S Lth the
spring cotrt}g%nbra\ﬁ& éeH]t‘,{\ee %95{5}6 %}l(él %Iﬁ{%!r?p#% faéd?&%@f gléés‘fggw? %ﬁ@%o Wihl%e turns
of the heIcyluailncgrhsﬁlmgsmhgéhrmpeceﬂuparhmn lanwanly . fin Gweprdsentekdmpde thonpmonrsi ti ve
constructl it 2 al in spri ar whi ch
again 1 esu?tt“% tumsr 18%rc§8ra(f‘8/<%on ott tﬁe ﬁaﬁﬁl%gﬁ%r sq%rgerq}é% dm t}(x:egel,r]ls 881318%[' y, in
a progr es of the hellzmpspngg éf Ag maswlt difrthls i aqnsgrcﬂ‘slvb lering dhnmttensticsesigaitdédvie the

constr ion u in.t di.al dji.rectio . In the directipn the

o ogr dds: (58 Rl dne el Frd 2o Bt rnED- The BBipk e A G he 20
spaci ng bedpwzﬁﬂ coheerged ch v digkeeibn frowh s Hohsihg) € tdwakdsaid VlB@flbrn@ngnﬂveﬂ t he central

portion of the helical rin ar ger thnln e rtions of the
ol | cal spisgenpratiile, AR gl Feb; & B EBbveigie et EIRErrET Ing BOE' Chr co
di rect i onglirkdtiofi P d6tebrStha iriovi@Rl Ml tHe @elidaNsprinp Uiahg thRIshAipI@IEN incehRWN | N
Figure 3. Angther alternative spring arrangenent 11 for the i sol ation

bet ween t a2 Agselipm fomdheihausing 1 ftowagdsihe,yibrHOR sansitive ¢ROSERSRA YBE Ponal unit 2

shown jisn Figure 1 iwh&havRodinadrig {e@ wrahansﬁha&iﬁﬁ of theAel@Nbgrak 4hel i cal
spring 9 is interposed between the housing and the vibration-sensitive

const r uct i#dHEIvibsEion ampiRide gEagspdirgcome ént%ﬁ%acw&h fhepopigalispgng core 5 in

vibrati Oniﬁeeﬂ}&lﬁﬁt}i%f 919'B§&s'idgclt QR v1M5?t'16n e Hﬁc%ea@és*?ﬁ’r’ihe?ﬂﬂn%&aélﬁg? housi ng

1. The spacing ween the turns of the conical helical spring 9 1n the z

di r ect i on nuEbefed turnsefhe haligal springst amesptqicentaet With thawspring here Sphlass regulisd® ween

the turns,i i cal

Spring 6 CHaE s L o e e o O e P e

r adi al20di apsngearrapgements Jrandi eonseqiendlyt in@progressive ppsing gharecteristie firi a:arhabpn ng 9

decr eases t he

or oxi m  y peipeh TR W Iph BBk A D ekl frofiesslve shing RRABErLR, |

pr oxi mi ty im#ll thiee direct®inngr spaceA coni cal spring core 10 secured to the

housi ng 14/ 5/ 2003 n ng 9. The

coni cal spring cor e‘“}‘Be %e gir;és"% %\%gr V%r %“ﬁgﬁ’s‘?ﬁﬁ’ }aﬁ%l)fﬁ%‘l %gc@en%%éf t aper of

t he coni cazhbr&pxniangphtudeseof]:@lmatslxmgharb mgerttl’raa i ‘dndlcasle of bxeitntioncey wdbrbbdnaeen t he
pLin

Lngf néf tcrolr%pargt(lj\lzeryahlg qulltelg%T%sreﬂlHre% ralit{ong:l %r%tlﬁcge % qlou \;lctfleraﬁget fr 0 %({]

unit 2. Tho thel®@east éxsitationdrequengicethai cweumhl apeaaﬂcmr Tl dlectrofiic apygarstpy ghﬁgn in

f Fi 4 Q1 di al Th _ '
Cpr g ondvats biiiraole oIvbAbb et al AR e i robha S e dRATETEL ¢ ner

spring a[) lrvamglemmhhamlhagv?lgmgvaabelamalfdrem dﬁfappﬁﬁmﬂgsntﬂﬁﬁﬂcﬁﬂp i@ d. Gy £S arT ﬁ
concei vabl e, ich also lead to a progressive spring char ristic. e
only esseﬁf%uaw??h@amfeé%wﬂas s ISB‘FSé)?QErSPng ﬂﬁ%ﬁ% vibgatioat t he

cl ear ance hplineae fortiGohest Oibra@lf)n Foguch®), wWhith dsddtésiBe ﬂa@urﬁﬁ\@ vbRigheSRddigedcOr €
situated inside the helical spring is not constant, in such a manner that
an i ncr eadhFepyilipnioe ﬂaﬁvﬂ?rai*wlwan@ﬁﬁaﬁ@h%% ogspl mguntingryelumstier Bent act wit h
the springoc@fEaR r&&a%edﬁhlesﬁbargenmkﬂatfaﬁﬁng}fgeﬁl@ﬁs Max%rgaﬁﬂem peiRgSi tive
constructional unit 2 increases. /2003 ,” 7 CLA An el ectronic
appar at us “RaeFIPIEFtSs vi br at i on- sensi t| ve const ructional unit (2)



accommodated in a housing ( 1), the housing ( 1 ) and the

vi bration-sensitive constructional unit (2) being coupled by danpi ng/58éhs
(3, 6, 11 ), characterized in that the danping neans conprise at |east one
spring arrangenent (3, 6, 11 ) having a _progressive spring characteristic,

S particularly a SE:I’I ng characteristic which is progresswe in three
directions in spacdi85e 3 phowsian RHsTRaiive SBIHISATAREFEIRLO cqmprising 3 oyliggrigply, 1

charact er hawalg ﬁn%lﬁathu{ Heing %éﬂg&né{t%%ﬁﬂﬁlﬁfﬁﬂé used forbhe idoldtion MRk Be a hel i cal
spring (4 aving non-linearly Pace turns, and_in that a spring

core (5, housm)l qng ﬂéﬁ\fl‘é{ﬁ@féhsepﬁgYeo@nftﬂ@ ionaf pribd aSssaPWﬁgl Figure}. Thp)  t he

hel i cal 1@yipFitdl gpﬁlfk 7 i€ fix&dly ﬁﬁ@%t@&‘@et@é@h'tﬁ@ﬂﬁﬁﬁ@n {ensitife cola@ﬁ’ucggl'lan Ynit 2
ConStrUCted in such a manner that the radial clearance between the turns of

t he hefi canrd @phpysipg(l4A cpnical)spapgicorh@ issangeq insidedhq eylingrical licplsprieg 7

const ant | | : i zed
i that | B rABaEbAERETAL RPRAGRET o8 it Bl O Memrur U EE 201
that the teilif aibratioeaensitive cédjrudsionsisi 2t Hee covicalspufg ¢died Hak vibadtessmgng (4,

9 dth . .
i roct i on i el Solifve SinloDGLERIPE THE SRS ot conieall £
el ect roni droaphacansingtiagal chia? reatcondarCe iitntiz, lnmapmwerdszm:hqusmg haAs & he

Spr | nq 20 re%glli of til%) thtla §atdaa6r\ 8Ilé£r§rgce din ﬂ%lr\éét%n%?)é@g n%dnt’ls fethe l?erlllgglrsgr(f 1 P nal

uni t ( era ear ance ween urn € the
hel i cal spnd thg caﬁan)al sprohgtche Mr:nemgs tromehq [Ruside ¢ n@vesdssthé mbranbﬂneerismum ng ( 1)

in a direction .t owar e vibrati itive, ca ructi .
A o1 oot s EtRRes BT AREnsEn R 40 RIRS. b o) AP REO S R conp il
char ?pt er iuflieti shb]edtgtatb vﬁﬁmmanmﬁgly tlse antafithedlelidut bpring|7 s"ﬁtpaitémtjba( 91): havi ng
non-11 near ace turns eCtronlc a us .as C n an one
o he G iR A iy i hes gl dhis SO R B Bt R cores Wen iher s ol

hel i cab Spfbm@n(aﬂapm%)ie haréhdeg MO, tHet@as J)Mhél%il@ﬂ(ipﬁlﬁg’@ﬁlch are Ydrtef 2@@8 7. An
el ectroni tus as clainmed in any gne of the Cains 1 to

char act er f?E‘dPl %’Eaﬁa‘? -SqNRitive, posirugtiqaal uait 4 alsq Gerae @f%‘sonfaew%@a ﬁmpg. q¥esh mat i on

stored onvaithQRiih ¢&hltSha p?&gees@hv@ %rﬂn@%ﬁﬁctéﬂshé hﬂlﬂcéﬂ%é@%ﬁw h@@%@ﬁeﬁﬂzeopt i cal
storage disc, particularly a VD apparatus. 8. A notor vehicle including

an el ect r SAMBINg gHke atbt?éloa%ofdheawh%or} wnﬂﬁye @RErYGHioRah nit 2 in the radial direction

r. In the z direction the progressive spring characteristic of Figure 2 is obtained in that the

20  spacing between the individual turns of the helical spring 7 in the central portion of the helical
spring 7 is larger than in the end portions of the helical spring 7. Thus, a progressive spring
characteristic in all three directions in space is also obtained for the spring arrangement shown
in Figure 3.

Another alternative spring arrangement 11 for the isolation between the housing

25 1 and the vibration-sensitive constructional unit 2 shown in Figure 1 is shown
diagrammatically in Figure 4. A conical helical spring 9 is interposed between the housing 1
and the vibration-sensitive constructional unit 2 and has one of its ends secured to the
vibration-sensitive constructional unit 2 and its other end to the housing 1. The spacing
between the turns of the conical helical spring 9 in the z direction is non-linear, which is

30 achieved in that the spacing between the turns is made larger in the central portion of the
conical helical spring 9 than in the end portions of the conical helical spring 9. The radial
diameter in the radial direction r of the conical helical spring 9 decreases in a direction
towards the housing 1, i.e. it is larger in the proximity of the vibration-sensitive constructional

unit 2 than in the proximity of the housing 1. A conical spring core 10, secured to the housing
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conceivable, which also lead to a progressive spring characteristic. The only essential feature

for all possible spring arrangements is that the clearance between the turns of the helical spring
10 and the spring core situated inside the helical spring is not constant, in such a manner that an
increasing number of turns of the helical springs come into contact with the spring cores as the

vibration amplitude of the vibration-sensitive constructional unit 2 increases.
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1. An electronic apparatus having a vibration-sensitive constructional unit (2)
accommodated in a housing (1), the housing (1) and the vibration-sensitive constructional unit

(2) being coupled by damping means (3, 6, 11), characterized in that the damping means

comprise at least one spring arrangement (3, 6, 11) having a progressive spring characteristic,

5  particularly a spring characteristic which is progressive in three directions in space.

2. An electronic apparatus as claimed in Claim 1, characterized in that the spring

arrangement (3, 6, 11) comprises a helical spring (4, 7, 9) having non-linearly spaced turns,
and in that a spring core (5, 8, 10) is arranged inside the helical spring (4, 7, 9), the helical

10 spring (4, 7, 9) and the spring core (5, 8, 10) being constructed in such a manner that the radial
clearance between the turns of the helical spring (4, 7, 9) and the spring core (5, 8, 10) is not

constant.

3. An electronic apparatus as claimed in Claim 2, characterized in that the spring

15  core (5, 10) is secured to the housing (1) and in that the radial clearance (d) between the turns
of the helical spring (4, 9) and the spring core (5, 10) increases from the housing (1) in a

direction towards the vibration-sensitive constructional unit (2).

4. An electronic apparatus as claimed in Claim 2, characterized in that the spring

20  core (8) is secured to the vibration-sensitive constructional unit (2) and in that the radial
clearance (d) between the turns of the helical spring (7) and the spring core (8) decreases from

the housing (1) in a direction towards the vibration-sensitive constructional unit (2).

5. An electronic apparatus as claimed in any one of the Claims 1 to 4,

25  characterized in that the spring is a conical helical spring (9) having non-linearly spaced turns.

6. An electronic apparatus as claimed in any one of the Claims 1 to 4,

characterized in that the spring is a cylindrical helical spring (4, 7) having non-linearly spaced

turns.
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8. A motor vehicle including an electronic apparatus as claimed in any one of the

Claims 1 to 7.



