«; FGe3eF>C8| 6T>, 014/ 5// 2003 El ectroni c apparatus having a

vi bration-sensitive constructional unit The invention relates to anl4/5/2003
el ectroni ¢ apparatus having a vibration-sensitive 5 10 constructional unit
accommodat ed i n a housing, the housing and the vibration-sensitive
constructional unit being coupled by darping neans. Such an el ectronic unit
I s knowEledtonhicexppafatis hbaviomabibrafork-dendiiide Adnstrliblisndknoin appar at us uses

helical springs with a linear spring-force characteristic in m m lmumu
provi de isolation fromexternal vibrations and shocks bet vvee m“ mt mm us
chassis or deck and the nounting structure or housing of the appak@iss. The
vi bration anplitude of such helical springs for excitation by vibrations of
conparatively | ow frequency is larger than for excitation by vibrations of

conparatively high frequency. In such apparatuses the vibration cl earance
for the vibration-sensitive constructional unit should therefore be adapted

to the |owest excirhainvitidd %%'aﬁ%lécﬁ@ﬁw%?é%ﬁtuh Haﬂﬁ@ﬁ%ﬂrﬁ’tﬁbn dehsiti§e an
obj ect of the invention to provide an apparatus of the type defined in the

openi ng cpastaigtont) unmfla@cm@lrno ates! iniadioasingsthe heusingans theqmratm geositivére

vi bratiqgn L tihve. onst,r t| onal unit is reduced. According to the
i nventi onn?%ﬁ‘cgm%%un% e]in C%‘hllé Samﬂmgﬁéﬁanf he danpi ng nmeans conpri se at

| east one spring arrangenent havi ng a spring characteristic which is
progressive in three directions in space. A progressive spring

charécteristic meaHsh emalectrorec uipt lsdalowar@éewepléér@é@@@%@ 1930@1 ks vel y,
. e. SU%E%%@B&E uQHgé 'h\énc;ﬁ%}éﬁ@ WikiPs ﬂﬁé ?ﬁgg’ladréél NGIRE TP Sder'(3® SPring

char act er sive I'ONs I n'space, results
in a pr q;gas\admsvkatldmfrpmt@ﬁalwﬂbmmbnscmﬂ shdst:lalbbtvtdenehze appaeaisi ochasms mdeplace
The thr ee directions in space ar ggg i ned as rections i

Car t esi #R9 QgPAFHINSSIUGUTEOR hopsia agparaiyis g YP@%‘P%‘T‘E wfdapﬁ%&c system
is then h@f]@Il%{n"i‘llPésWoPéﬂcﬁﬂﬁﬁgby Dibkdiondbf &mipapRtively 1%@%@@9@&@%3&%@&& of

t he spring arrangement vi brations that dccur anpe
pr odPes sikvigdtionibry mbm&elwamempamngely‘hi@ fvédmendyi. dmswhppparathecsathe vibgation

ow T eqench e bone | Sl edhiced a5 e estlt Ly e ner L eat funino of
lowest excitation frequencies that occur in operation.

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

T
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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 aidl$/2003
consequently, of the construction volune of the electronic apparatus in all
three directions in space. In the advantageous enbodi nent of the invention
defined in Claim2 the spring arrangener®t conprises a helical spring with
non- | i nedrthige djrectiaas iruspase and)icsnsequentlynethe spastcuoiprbvdlase bf theiefecaronic

non- | i near t%rl n% (ﬁr%rrf?cteri stic of the helical spring which is progressive
in the ARPHPtugin ALY IFCuPIN§B#SCcal spring. A spring core is arranged

i nside the helicaly, ﬁféra'd()&hta% fis £ Rnefit ﬁ%@ﬂﬁemnﬁtdmed dﬂ@lawzrtﬁe Yririghe
hel i cal spring and the sprihg core not being constant. I's achi eved
t hat as attasganidnt eompnseaapielical dpringie itk asedinearly snac@btsmngmbeﬂmedr spamng of

th | t t h . t
i ch ¢ REs P ApPOHGoH rer i haSimbittp b e ek b e i o gSH  MRr at | on
anpl it u%aaaﬁecaloﬁmm&mrsgﬁhg rA §,§ﬂircg dote RRir@hp&rin¥hE afe Heﬁcﬂ%?ﬂﬁ@stﬁé ve in

space directions which extend radially with respect to the i cal spring.
In the aeialmleagansadeerasn dhanwms abthe hedicalispeng peththgspiingeore nodbaingie@istaht

bt voon 15 i BRbEERY $aCRIAFrbERioharfdiHELA% nllEshRl Pl Pht e S oc

f rom t hehdidliRbgring\vamesntb Rentdttoridt iheRpLeNSrt] A6e reQSd frwigith ﬂmahbmmlis, aré . €.
near t he housing the cl earance between the turns of the helical spring and

t he 18pr idagped progressivelypuitthincteasips gibaation appplitedepndra sprag ¢hapeenisis-8ensi ti ve
constru I t I

vi brat i o%tr?%agﬁ;egls‘?’liﬂ%e ﬁcré%ljegsr“ﬁc géf%l dn‘éﬁl nsl‘@{]%%mzﬂf{agfa g%lf%%gﬁgh% he

hel i cal hepedlngrings the vibration anplitude increases, first conmes into 20
contact with the part of the spring.core situated near the hou5| ng. \Wen
the vibration anpﬁ?fh?&évwege@age@gw}meﬁmf taqun%tﬂ%@ fngd HUGHER 3he rTigs of
the heliggal 1s$ﬁ%&l@%oﬁ1?é€?ed‘t8tt}9e ITRRIRCThaNal[3] LlRSaRRY B&Qe&ﬂﬁ@tutﬁ‘é‘bﬂhe hegt ts in
a spring charactéristic which is progressive in space directions oriented
radilél | yspuing hnd thsspiang cae irvecdsed fr@alth@l;msng tawards dmbtqﬂemd:qs;tmen a

progressive d i.ng..of the vi ratlo 25.1n the eous
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with the vibration-sensitive constructional unit. The radi al cl earance

bet ween unftgt tswpnmamﬂvcluéargelThcsﬁfm@pwhmgtharvmbrath@ sqmslitlrwg comptraiciional heit jsr esent
enmbodi nen hou5|n ens

ot e hisfEfite A tiont B nIEn 10H3E 30 e BafS hlBiioe kiRt PELRIBRFL i ¢

the 280 coafcaRRE tgianesiihd mlntgwbms@atea hh@athﬁé hé@lings Whengharitlea spring
core is conparatively small, while it is conparatively |arge near the

housi ng.amméwdsrigereaseffiather AR inpregsiagingmbskelstiens\é thediedicalseting Aone Uxe t i s
bj ect t d th
R ST e

"j

ration-sensi
constr ucsbamtafecuami oriznted radially sithytespettdo tieelicdical sprihp abdjeosgquerglycore. Wien

the vibration, a |tude i ncreases fqrwer an | 4/ 5/ /2003 i ncreasi ng nunber
of tur nTRErCEHY dramniegpf the vibigh “ contact with the spring core,

whi ol results in "JIn%@d&g?ﬁgéfu@%ﬁf)&%én?dé’ﬁﬂeﬁhn Chif OGE §53he/Gork [ @ Tadi al

direction and, consequent I'n a progressive danping of the vibration

anpl it udesnefted ﬂoehwi/ibraaiohesnnsmfscmsmtmomlmumﬁ; amatquently, v1b'rafE|s| elong with

embodi msﬂg %1b92]:t10tnhs%nse1{1\?ec }:orn% ! T AR tT e radn al c?e%?arngg gt\ewe\é\#l %h% t{[n%g olf Hl\éeflréiiicﬁn
spring and the spring core in the present embodiment decreases from the housing towards the
vibration-sensitive constructional unit, i.e. near the vibration-sensitive constructional unit the

30 clearance between the turns of the helical spring and the spring core is comparatively small,

while it is comparatively large near the housing. Therefore, when the vibration-sensitive
constructional unit is subjected to vibrations and the vibration amplitude increases, only the

turns of the helical spring situated near the vibration-sensitive constructional unit come

initially into contact with the spring core. When the vibration amplitude increases further an



.are suitable for use in apparatuses for playing back or inscribing optical
storage discs, such as for exanple CDs or DVDs. The el ectronic appar a4/6&200R
accordance with the invention is particularly suitable for nmounting in
not or vehicl es because the mounting roomin notor vehicles is limted and
nunerous vi brations of different frequerkies occur during the ride. 10 Sone
embodi mendreasig fdiber BY Gfthd ONthwhélicabeprih@cohicifd dofitabDWRh BRtsplihg ci¢, WhhOf
exanmple, with reference to Figures o 4 of e.drawi ng. I n the draw ng:
npl th f to Fig 1to 4 of the drawing. In the d ng
Fi gur e Feswdtsin pepiingshatpclristisn whicBds progressiyg Pt tdind disastiongng, consequently, in
vi brati qns i : [ -QE aﬁﬁﬂ- ' L Bral : i ng of
t he el e%ﬁ%ﬁ@%&%%ﬁ?@?%?@&%%gt@ 0 %Edgyggﬂs&ﬁﬁﬁaﬁgﬁgéﬁghégﬁéﬁ s Pgﬁgur e 2
shows a wmjitti ng arrangenent conprising a cylindrical helical spring having
non-|linearly spac turng, a conjcal spring core secured tqg . the housing
bei ng di sposed i ndli én}mén%ws by elgptr § PRPRFAUTIN AREOTARICGITIEN the dhisREOT,
SPring apt anaSEBt ukaNRphahiltsForyhling bhadbr iRghiaf optihl By |
non-Iinearﬁg spaceg&turh%, ag?oﬂf%ar gp?@ﬁ%ﬂcogeﬁgggﬁgg' tg&%ﬁ%ﬁ,hﬁﬂas
vi br at i dor sengil¢ Chs oc NEDs. Jheicaabnioapparites mpodosipoeeadith teiioentibe is
cylindrical helical, sprin Figure 4 sho a spri.ng arrangenent conprising
R A P e A A R
core seGhRibstiOliied BRVSIMEoRE|Behtidhs POS ErennFbflRNERE 0 ERAP UGG e lrdeal
spring. 25 Figure 1 is a plan view of an el ectronic apparatus having a
hou§ppg 1, which accommpdates a vibration-sensitive constructional unit 2.
The vibrat | on- sensi b NG OMSLIUEE heTRentl bilful Se ARl S92 kR foysine L
by neans of four spring arrangenments 3. € SpPFIng arrangerents eath
conpri sexampyd, witlreetdncd & Figates $ 06 4 1od the drdlidgC il thedravdag: hel ical springs 4
have non 30 linearly spaced turns, as a result of which progressive spring
characteristics afd2uptlds aakniview pbamelpetani oapamtus myingshygbrationsensititees of
the cyli L.cal k . ri i i i i each
nave. oncoaraent] iy Pt RsoRiRefo nEB0uGHE b chBlrollEpiRSBY LS, o
vi bridt i ofosespeingiaviangamnsits, uct i onal unit 2. The conical spring core 5 is

fixedly connected to the housing 1. The end of the conical spring core Sis
slightly spaced f fdgHte AShQWh A SB RsirgagemERt FemprisinEay oy hngrcal hEissb shringt | onal

uni t 2. @ik foRSltchridbodted 6lind o XbHical Ag ChRAEARE 0ThE Rodl bt Bishated L Ne
vi brationsensitive constructional unit 27 The spring arrangenents serve

t o proviidside $wlcytindmeal heimabsgragnal vi br ati ons and/ or shocks between the
housing 1 and the i bration-sensitive constructional uni t.%{ﬁ Figure 2 shows
the spring ar rangdi@HES SHORF P SHOREATHEESEN CHETEREA yndric heligplspring

Vi brogt i %Vﬁ%r}ﬁntlﬁﬁéﬁrlg%h%%ﬂ uirhé, QRahicHNipting cbR sBburbdicAthd @ thrafc - Rnsifibe

i ndi vidual turns of the cylindrical helical spring 4 are spaced apart

non- | i necambtyuctionaliunét heingsdisnosed mside sha ¢idindpeal| ﬁlgcagem\mgen the turns in a
central portion of..the helical sprin s larger than.i n rtions
of the helical sprb}l%l(f;refl1 S‘ﬁg\g’ gﬁ Sprélg%?l?aq@? mFﬁ’lti S ?ﬁpggglrgoagc?’é“scg rl\l/éeh}&glps ﬁ'éwlgwhg
char act eidnslinearly Spaved airh§d doRichhéprih@ coiersebiired fo e hbiing beigg tisposedlinside s Z

of the helical spring 4. The spring core 5 has a conical taper and

conver geife copigaldickiead SPHRE-f r om t he housing 1 towards the vibration-sensitive
consfsructional unit 2. As a result of this, it is achieved that the radial
clearance d in a radial direction r between the individual turns of the

hel i cal BEigoterigis4 phandvitWwef ap elengotio pppdratusnbavers 2bBousimgal ,dvhielc ddcomniadates the
housing 1 towards.the vibrati n-s§g%hti.e constr.ycti onal unif 2. .15 Wen

t he housYREUENISENSLiNG GOBEEHFIIORARNH 2 Sﬁé’r‘ttWé"SFB?‘ng eAnstrpiondl ytd Sspri ng 4,

as the vidy Pctdité?%@rm%iin"qucﬁfh&%{s%@?&ﬁ1sp1fi1i1% §:’t'raﬁfeg91@i€nt% At Ph& QMR Gralbdiledtd'$.

conical sprfing core 5 I'n the proximty of the housing 1. As the vibration
anpl i t udeach somprsescylindtibarhelicalispingé.sTheyhodiesd helicat sprimgs dthavéigorhel i cal
spr contact w resu

i 4.co i nt th the spring core 5. This ts .in,a
o ootBs TR shiten 470 4 Ae i A S e HE g e e ns s i OB Futie by
neans of ditdeiorPofARE IohgitadinANSENBNhS cPlirdiidal meaesguﬁgg 4 YLhelcliddrifaPBEIRSE Ve
spring characteristic in a radial directions r. Thus, the spring

ar r angeniitngs 4 epghveavaoneged sacrregrie gedising 1gpdiangthenendde e Yibratieni n a11
three di Lo6HLOBSstcERREEnit 2. The conical spring core 5 is fixedly connected to the housing 1.

The end of the conical spring core 5 is slightly spaced from the vibration-sensitive



Jn the case of excitation by vibrations of conparatively | ow frequency the
vibration anplitudes of helical springs are larger than in the case 0#/5//2003
excitation by vibrations of 25 conparatively high frequency. The required
vibration clearance S should therefore be adapted to the | owest excitation
frequencies that occur in operation. Thet el ectronic apparatus shown in

Fi gure Iconsmpptiohaakl2y aga tdulof WHIdhappbdatbn slehrahe Sl &thvailiblg &8 thdlviBratiohOor
vehicle. In a notor vehicle the nounting volune avail able for such an

appar at b§n§idve eansirpatiosal ynjt 3. Thespdng agangemests|3tsepfe to Reovideoseladen fremspri ng
char act &htihdiSfnfiorMGaRPSARYS BEGRRIRTTRLSNG 1 WG ¥d \1bAlibRReAfAMP! i t ude Tor
the I owest vibration tTrequency, whic a he nounti1 ng vol une,

r educed,cohbtenctibyalainit®M ng t he vi bration clearance S and thus the overal

nmounti ng vol unme faqr. thﬁ gou5| g 1 to be reduced in g ari son wi.th_ that for
arrangenents havi ggwrr: & PW%BW.SH@H%H%%%{I@MS&W%‘: bete %zdyegsw 4ap

shows ar{hé‘kffb‘?e{tﬂﬁtdeﬁﬁtﬁ@édr@&u@tf&n@ﬂ%ﬂ”@ﬂ} an6ei éc%]e”?h m‘ElY\h ﬁlﬁ'&drﬁf&f del cal

spring 7. Thi's spring arrangenent can a so used for t e i solation

bet ween ayﬂledmallhelnrgal dprangcd amepaaeblaaart oon- hem]yt Imtbe pomsettrenemplerthd spaoing 2 as

shown i re 1. The c ndri. cal ing, 7 is fixedl no n et ween the
oiora | chrdhaife fis Doy e iraeriitet RPN dorlngd & KRS Hahs dpesipaa
spring C&'rtee Relical sf‘a,\mﬁlgagﬂg alrBeuiltcHT thibe Frpbiebvd ﬁﬁingfaﬁhﬂa@ehstme bBinéd M the

i nstead of bein to the housing 1 as in thé arrangenent shown in
Fi guile Airection gf the jengpitudinghaxis/Z lof ﬁtellmhcademsng ¢4 vBlecﬁ@nsg coretS lmsalconigak 2. The

coni cal r|n core 8.thus vibr th t tion-sensitive
const r uctpe i offiefedd i Hdfetioh RF Bt e d kP ot sV BERPR RPN om ¢ e
constr UCddn@tlﬂL@Utloﬂﬁli unit2. IAR aa@am&amseltw atchletzbdathamhe Ridigividaempre dsn bhadiflousi ng
1. As a 10 result of this, the radial clearance d in the direction r
bet ween diFsstionF hefwgen thedndiridualdnms of thedhetical saring,é apdHiesaring pore Agnersasss g
decreas f r tructlona
SR ERIHE Rk | RIRREINE VAR RRAN SERRCE RO,
conslSr ucti onal unlWhexstheulbpﬁﬁg eds ﬁl(bjectddl’tatvl]ﬂﬁlﬁms ithg furral dfyhd llmlchlwpnag daf the
helical spring 7. situated near the vi bration-sensjtive constructional unit
2 come i¥tBe ¥ F&t@etarrmlweﬂﬂ%reesfq 158} coBredhto oppisat Wit the canisalspsng SATE MR i t ude
| ncr easege bAARY of ihohthEs. AL HeNPordfbA EfbIRE et GANGR ifdiEidy avay
fromthe v ation-sensitiVve constructional unit | so come 1 nto contact
wi t h t hemsyber ngtm'msmf tBe hvﬁuabtpr'mgai coniceistd ctcmtacnwahphleom‘mg:cpmeﬁ Siinis negplts in

characteristic.an c.ons re ve d i,n t he

Tl brat i ghicBrestREcymERE i abntons df S B et Rel R B By Soaht Rhe agi o

di regf i Ofhring abngdients ﬂhﬁcﬁ%ﬁeauénhg P O8b BRI Vs pil IcRSaSBASRCH Alrh @ikl C Of
Figure 2'is obtalned in that the 2 aci ng between the individual turns of

t he hel i dizdctionyi. ff@usr thewpring agrenganntpbhaviesm ayerallipsogressiveesprisg chargetaristi

| ar ger thanlt 2 etend OQ}IOHS of the helical spring 7. Thus, a

progr essi é bﬁ’lh Shg? &%&Fistic inall three directions in space is al so
obt ai ned for the spffhe@addraREiCIDALYSMorsbfb@ipaatiBely Ao iegiienal ties nat i ve
spring arrangenent 11 for the isolation between the housing 2S 1 and the

vi br at i ovibeasias amplindespshdligel spenas arggrgerthahisvife Fase pf gxgilation by vibraigns of

di a nng [

bet \j\%/esgn %er? aﬁ%thé}}ln}ggqlflgﬁﬁd&} ﬁe VI e??hb@glr’g ?@%r\?g&::%ﬁgotu?%{c felgéryg?)eﬁgl tg[E and
has one fwftht¢ ievesnditsbaifraphehcied met adcbr mtdperatiseTBid élseronanapipataatsishoah inni t
2 and its, other end t housing 1. The between the turns of the
Cont'oal * Bighteots renerehly OB LT ARortatug h e ConyR R § HBHT vaRicie, A b B0y

achi evedydnicit ﬁﬁ’:tm&hﬁmé RBRAINCaARANE €8t shbiEad h&fﬂ&?atﬁssls %ﬁﬁs&zﬁfﬂ%uéd" Ashe

central portion of the conical helical spring than in the end portions of
t he coni rsault hﬁtﬂwwmgreqswmgrlgg chpmasterssticad thc am;tgea:rrangemcms B &leki wbragionect i on r
of t coni cal i C decr eas S ection to

noustthg i R BweIRiuaton seiERER at fiPid bE bl Rhe RBRe da diesdve
constr UCCh'erB lalewirg tBe Vibedtionitldabehc® Saxt mhasyhé)&vérhmhmsﬁgﬂ@alame foraR@i cal
spring core 10, secured to the housing 14/5//2003 6 1, is arranged inside
the coni keusitigel tochel redyseil iycamparisen et that foryranggmens baviog lingrsseringwar ds t he
housi ng nggggree of taper of the conical spring core 10 is such that
the radial” ¢l earance d between the turns of the helical spring 9 and the
spring core 10 increases fromthe housing 1 in a direction towards the

vi bration-sensitive constructional unit 2. This results in a progressive

ara



5 characteristic of the spring arrangement of Figure 4 in the radial
direction r. Thus, a progressive spring characteristic is obtained i t/&12D03
three directions in space. Further spring arrangenents having w de variety
of springs and spring cores are conceivable, which also lead to a
progressive spring characteristic. The only essential feature for al

possi bl e spring aﬂmgémwsaﬂ sterineatve sprengdreapament haimyrising Heylindriod of t he
hel i cal rin d the spring core situated j S|de t he heI|caI sprlng S
not  condehis! 3111 %3@%5 SPTIRgATERETREN 64AN Al3e PEHSTIGT MseRlptisrbattissisthef ¢ he

hel i cal lr%ﬁ§1h§9%n&%€evlbﬁhgn SOREARIcoNdthl bR uﬁRrZ'a@QhWﬁ PFig gre_ Ngpyi bration

anplitude of "the vibration-sensitive constructional unit I NCr eases.
14/ 5/ | 2@9Bndical HBing77 ik ﬁxﬁdlyeh@nlﬁedﬁutwe@gbawﬂwnwnqusmge eonstructional unit 2

br at ti t ti | t 1
)t Re RBup g ) Aoiaidahrindo § el BR08 RegmCnie ekl S (o
bei ng coupligdeddofBRIMR @d 1@ BRN0USNg ¢ as Il thb areRghat %dv?r?ﬁll B 1gu1"e hai 1§ fifed

danpi ng neans conprise at |east oné spring arrangenment having a
pr ogr es$¢ e Ebratipnseisiivacoastiustipeal uslt@a?fhfr eartieal lsgnraz Noe Bringornlma@e eongstic

whi ch i g, B 4% ?oﬁflcynese'ngltlgp (,ci?nstrglctjio {1191[' Z)glggﬁorte ttaperﬁgloﬁgltg{)ﬁgalfy

appar at us "as clafned ar ac

ar r angerfest t}(e?c,on&ruchbnal lmarmhlasa&damcbwltmaé nﬁzeﬁuldsrgtowrds?the Boushavi.ng a
non- Irnearly sgace turns, in that a spring core 8, 10) is arranged

i nsile tplipd|thisghe gaﬁralﬁbeara@ce ¢ in the direpiiorehatyegn tlnettgm phthe halicayspring Tand
th t h
e 5P 8 BB o) BB PR ALES R PR e TRRRA ARG TS |
spring (bonﬁn(cﬁomﬁ um‘]ta) A @namuemnffttmlﬁs that, whan ﬂieembrramsn cerﬁpparcaﬁsrﬁxcﬁsnal
clained in.C char acteri, z n that he sp‘rsp&%gIS cor S

secur ed W i J?%?ig@ﬁébreti?nsaﬁﬂ‘ Wtbﬁa‘f'“st?fé ¢ Belica z;rsatﬂétége’ﬂﬁr tb‘ét ween t he

turns  yipration-sensitive constructional unit 2 come into contact with the spring core8. When the
15  vibration amplitude increases further, the turns of the helical spring which are further away
from the vibration-sensitive constructional unit 2 also come into contact with the spring core 8§,
which again results in a progressive spring characteristic and, consequently, in a progressive
damping of the vibrations of the vibration-sensitive constructional unit 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




of the helical spring (4, 9) and the spring core (5, 10) increases fromthe
housing (1) in a direction towards the vibration-sensitive construct l4#4a003
unit-(2). 4. An electronic apparatus as clained in Claim2, 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

t urns ofl, iswrdngéd mside shpy domgcal H9licahspring®. The cordeal aprind jre de capemtowaifds ohw t he
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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 () 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.



10@,10@ 10@LO%E () - Fy#10%@& () - S10%@ () - #10%@ () - ===?w?) @IENDC!
10@10% u& ()-"10% u& ()-3!10% u& ()-Y 14/5/72003
S#10% u&' () - 10% u& ()-10% u& () - @BA] AABr BAENDHC!

10898 10% u& () - $FY%0% u& ()-&Y""10% u& ()-F 10% u& ()-"10% u& ()-9%0% u& ()
-r BBi CC'Di DDaBnmbC! 10

494.0% u&. () - 9210wem&1eatrof.w &xb@%u&s(c{)mnﬁs%sﬁﬂﬁ%dm&o(f)l;e! @af(ins 1 to 6()

%40% u- u& ()-&9' 10% u&' () - DEyEEEEEEFbC! 10Q0- #10%&' OF( 109&' 10-u 10-u

10- u9: 1¢9guagteriredondhat %wa(a}usgvmep}e%ut or peadpgon I %Wma@m@% () -

10-u 10- 'Headi ng
23] c" Iﬁgbr%é ‘%P%‘ &rﬁe@ég%%&ngg?ﬁa&%@d StB%%FB S ‘gﬁérgg %§%1/15 DI—|ead| ng
73] c" Hp;aai‘atmg 83] c" "Heading 93] c"A "Default Paragraph

Font*56 BCHILNPRTV9=EF, - ./ 6@ a#g) - 469" <=@ BDFF0123456789: ; <=>?@\BC6Ti nes

I§eomanAr| al Courier New h Root EntryWrdDocunent >
#$%& ()*+,-./0123456789: ; <=>?@\BCDE

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

Claims 1to 7.



