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The ta.vendOn reJatea to an elecldc motor havfDI a atatm co.mpd8iDa a 

cyliDtrlcal coil ccmflgundcm. which is carried by a JllOUlldDs plate, ad havh1a a mtor. 

which carries on a rotatable hub a rotor mapet whldl at ffl outer cimJmfereml pmrates a 
fteJd perpendtculat to the WI of rotation ml which sarroundl a. coil confipratloD with 1. 

5 bell-lbaped hub portion, the electric motor 11avq boarlna mew for thll hub Ull 11avlna a 
soft-iron yob. 

BP 0,410.293 Bl dlJcloa an eJeetrlc motor ID which a permammt-mqnet 

sleeve is mounted on a central lhaft which fl fiudly cosmected to a rotarable hub. This 

10 permanent-mqnet lleeVe ii ~ with a lamfnated stator amnpd on a ltltio.mry bas. 

The stator :bal a wlDdiDI mqed in slots in the lamfnatloD aueml>ly. Tbe hub ii radially 

am axially aupportcd by means of hydroclyDaqdc bearmp. 

Tiie iDtmactlon between the alotted stator and tbe Dmlt1-pole pennaneiat 

D1apt aivu rise to ao-called c1etat torques. n. are mrquea which mm pedodlcalJy wid1 

15 the disc JOtation ml whole averap value la zero, L•. wldch do not comributa to the rated . 

tmqne. The detent torques produce acousdc noise, mecbnfcaJ vlbratiom ml lpeed 

• 

fluctuatlom and, in addition, Ibey pve rJse to a Jqber lltlrtiDa tmque. whlda ta a crltlcal • 

parameter part1wlar17 for hard disk drives. 
l'rodacdcm-depm ecoeatdcldea between the llatol' of. IOft..mapedc 

20 material aDd lbB permmmi-mapa rotot atve die radial forcel. TJmc ndial force9 allO 

generate acoustic noJse and mechanlcaJ .vlbradons. S!mllar ndla1 fOl'ces are pioduced. II I 

result of unfavourable combmadom of tbe mmben of •nn•nue llotl ml :mapd poles. To 

date 1bc foieea eamed by =entr:lcitta form the Hmltfna factor for the 1188 of hydrodymmdc 

splral·lfOOV8 bearlap ID amal1 hard dilt drlYes, tb11c fOICCI boJD1 oftm Jaraer du tm 

2! forees caused by tb.e Ull9ful load. In Older to wttJwtand dlel8 forcel 1bD bearmp lllauJd be 

8UbataDdal1y ldft'er - dtaJpate :mme ... tbul wded to iiip,POd a. uadd. lald. ,... 

~ beadDat t1wme1vw OIDDOt be ovedoadtd·. t1U would 'baw a Dlp1l.,,. .m.ct u 
a 1'l!lll1t of :mec"mJleat CODlaCt betwllll IOlld bearing plltl. weat IDCI, uldmamly. bmJrdowa 

of ti. bearinp. 
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The ~ In dll&e drives u. camed by tolmaD:c limits in die 

production of iDdhidua1 compmenta IDCl dD uaembly. The radJal fmcea n tberefont 

subject to pxoductiQDodependent fluctJJatiom. For the taliabillty dill mew dllt tbl radJal 

forces s1gnlflcalttly hJcrme the variance in tbB load of tbo bearlnp, ao that the belrlDp 

S have to be designed With IUbstantlally broader safety marp. 
The iron losses In tbe slotted 1tator an comparatlvelJ blah- Thil pmblem 

becomea iDcrealhJ&1Y a!plfjcant in the latest developments wkh a trend towards hip 
speedl. 

The mot.or inductance II compmdve1y high becau8e die wfDlfDI Is 
10 arranpd ill slots in the stator iron. This leads to a dmerioraticm of the clyDamic 

cJmacteriadcs of the motor. Por new developments operatlna with hlaber speeds tbia also 

nsults ln I reduced motor torque. 

It js an object of tbe .iDventioD to prov.lde an e1ectr1e motor of Iba type 

15 defined ID tbe openlna parqraph, ln which m detem torques occur, ddial forcel between 

stator m:I rotor u a result of eccemdcitiea are reduced appreciably or eilmlnat.ed, iroll lossea 

an reduced appmrlably or eliminated, and the motor ia.ductm:e is reduced l1plflcant1y. 

Acconllns to 1be invention said object Is achieved ID dllt the c:oil 

eonfiauratlon ii free from soft-mapet parts and ii extemaUy mmounded with a lleeve- . 

20 lbapld soft-Iron yob. 

With mch a comttuction no doteDt torques ue produeed because a mtor 

no loDpr bu any llota. This results ln au apprec!ablo reduction of acouadc nolu, 

mecbanfcal Vibratiom ml speed fluctuador.ls and an lncreue of tbC effectlvely avallable 

atardns mrque. 
25 'lbc iDductance hu decreased sljnlfteanrly because the coil confi&unth?n 

ia now iron-free. This Improves the dynamic drive charactcdattcl and l'esults ID an mcreue 
of the torque available at high speeds. 

In a fm1her ciabodJmlllt of tbs Invention Cbl soft.Iron yob ii tmdly 

connected to tlJe coil eonfiptatkm. Such a comtrw:tlon providel a mb•ntlal reduction ol 

30 tbe radJal forces because du: width of the mapedcally actm air &IP II DOW very large. TJdl 

widdl la defined by tbe diatance between the permanent mapet and the yob. Tbe lnfluerw 

of an eccemrlc!ty la nducecl appndabJy becauso I DIL18t be 1m11Jer tblD tlll mechantcat lir 
'· 

pp. Thia mew that In any cm tbB eccemrlclly II dildnct1y 111'1V111er dum tbl llllplticallJ 

actlYe llr pp. AJ a result of the lron·freo con c:ouftpratkm cm. mapltfc ftelda lfO 111t1llK 

• 
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tban iD. a motor with I llotfed ltator. Thia reducea tbe Jron Iola, 

In a t\uther mnbodiment of the lnvendall tbe IOft-lron yoke Ja flxed1J 
cmmected to dJD hub. With such a consuuction the radial forces no Iona« act upon the 

bear1Jla because tbe two motor pana between which they act arc fixedly connected to 0111 

s anothet, so that a. forcea are taken up by the mecJtantcal cODStraCtimL Tba mapet no 
longer induc.es any altemating flclda ht the soft-mapetic yoke; 10 that no mom Iron louel 

occur. 
ID a further embodiment of the invention the coll ccmf1&madon comprla 

curved foll wln«Hnp. In the case of a flat construct1on this providel a hlP copper factor. 

10 It ii known to .manufactmo planar motor wincllop 1D that copper tracb 

provided cm a)'Dtbetlc-ream tons m 10 etc:md that only flat coil tmm are left. Such mocor 
wtndinp allow perfect operation and present no problems u Jq aa tbe foils are :not bent. 

Problem& do arfae. however, when such a wlndlDa la lbaped Imo a 

cylinder. Then tbB otberwiso limp1c tcdmolo17 leads to lho.tt-circWtl between the conductor 

1.S tracks. In additlcm, such wlDd1ap cannot be made mtticient1y round. 11 result ol whlda 

wmecosmily wide air pp• must be cm.ted. Non-round coils impair an exact rotation. Thlle 

problem arise especially In small moton '&18ld in hard disk drlvn. 

· In a i\u:tber embodlment ot tbe inveotlon tho toil wiw:liq, which ii built 

up on a ~resin cm1er foil am ls formed by the removal ot copper mateda1 

20 pmtiou81y depolltecl contimJ.ously onto the l)'ltthetic-resln toil, ls foimed blto a ~ 

evenly rounded qrlimfet, tbe planar usembly of the B)'Dlhedc-realn cmim: foil and tbe plamr 

coils adber1q thereto bemg coated with an adhesive filler material JD IUCh a marmer tbat Iba 

filler maWrlal fWI the pps formed between tb8 Individual condoctor tracts by the removal 

of tbc copper malaial. and the assembly thus 1tabilized is wOUIKl into 111 evenly rou:aded 

25 cylinder. 

SUch a motor wiDding can be made satlafactorlly round. No sbm:t-chcuirl 

will occur between DtlWlual turm. 

• 

Tho uultormly rounded wlndinc eaables ..U air pps ID'l an exact bub • 

auppmt to be obta1:Ded.. When such a motor la used in a bard disk drive this aUowa the 

30 pacJcJn1 d8Dlity of lmd dJlks ro be lm.nued. 

In a turther embodiment ot tb8 lnvemlon dm ldbaive flDer ma1erlal 

ftlllna tho Pill :bu IUCh a atabJllty that lt Joins the plmr ccmductor trlCb of tlll coU. 1D om 

IDOtJm with. a dimeJllkmal ltlbil1tJ 11 tltoup said PPI wem ld11 8lkd with tm NIU.Oftd 

cappe:r. Aa • iemlt of tldl tdct 111 lll:bal foil wlll behave u a DmHtcbed foil. Since a .,.. 
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etched foll CID be Wound Imo I pertecdy zoual lbape thll al8o appltlt to Iba foD iuoc-led . 

in accordma with a. invelltloa. 
In a further em.bodhnent of tbe lDvent1cm the l4bellve f1UO\' material la a 

curable adhesive:. 

5 In I furtber embodJment of the Invention tlJe adbeaive filler material la 

10 

applied by sillc-screcm printfq or taller-coatiq. 

In a further embodiment of tbD Invention the bearlna meam comprle 

many actinl mi radially acttns 1plral-sroove bearinls. Thia mlnfml• the efl'ect of nd.lal 

tcm:es, which are alway& present. 

Tha Invention will now be ctcrcrlbed in more c1atail with ...... to the 

drawlDp. In tbe dnwhlas: 
Pig. la shows a spiDdle motor with an mmi. coil ccmftpradon ml a 

sleeve-shaped soft-maantAio yob wbich smoundl the coll CODftpuadon llld II ftxed17 
- 15 CODDeCts1 to tbe coll configuration. 

fl3. lb shows a modll'Jcatlon ot the spindle motor abowa ID Pfl. 1. in 

which tile yoke ii connected t'o tile hub, 

Fla. 2 shows a foil wkh planar coll wiDdlnp, 

Ff.a. 3 lhoW• a put ot a toil with deposfted c:oppcr wlncUup ta a sectkmal 

20 view 1lken OD ti. Um -m-m In PJa. 2, 

25 

Pfs. 4 is a perspective view showlns the wiDdlDI c:omprilhlg three 

wlndlng Btripl ot PllJ. 2. am 
Ffs. 5 lbowa a part at tm curved whllioa to Dlumta ltl abto1me 

Pig. 1 Is a sectioDal vln of a apindlo motor la, i"'Hded pardcularlJ II a 

cb:ive motor for lmd diak drives In data proceastq eqmpmm, A motor abaft 2 of tbla 

spindle motor la ii fixedly CODlllCred to a &t 3 ot a lmd. dlsk homlq. mt abowD. Two 

hydrodyaamlc axial bearinp 5a amt 5b aupport a hub 6 on the motor abaft 2 ll a JaaadoA 

30 remote f.com die disk 3. A ftlrtllor hydrocl;'mmle IPfral bearJDI 5c la tltn_,11111' I 

mountina plate 8. The hub 6, which ii rotatab1I on the maa lllaft. 2, Im 111 bllllr bub 

pmtlcm 61 surramxllns rho motor tbaft 2 and CID'1inS 1 permamm.m•per rosm 7 oa Ill 

am. ciroumfe.nnce 6b. TU tlelcl pnented by 1ba mtor mapM 1 at lta m11r clrcmmfmll:e 

7a ntend• perpead1cularly ro tho axis of rotatloa 16. '11m motor lbaft 2 cmJel a moadna 
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plare 8. Thia moum.tq plate cai'ria externally a coil t:Ollfiprat1oa 9, which belonaa to tbD 

motor IJld la dcacrlbed below, ml a yoke 10, which ls also delCrlbed below. The 1mb 6 

~ bas au outer ~·.shaped hub portion 6c, which surn.rundii the yoJre 10. 

The coil confipration 9 comprises a curvecl foil wiDclinl. With the 
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In a mo.screen prlndns or roller coattna pr0cm the pp1 26 are ftlled 

'l.vith an adhesive flller material. The adhesive tlller nm~e;-19.l ii a cgmble adbcslve. Tbe 

adhesive fU1er material joins the plaaar conductor uact pozdoas 29a, 29b, 29c, 29d, 2Pe, 29f 

5 to one auotber in such a stable manner that it bitercomiccts tho plamr ccmductor tncka 29 of 

the coil witb a dimenslo:aal atabillt.y u though Um ppa 26 were still fllled with tba removed. 

copper. Without etchina the copper would have adOpted a perfectly iouml shape iD tbe . 

conthmous atate. This is achieved qain by filllnl the pps 26 with the adheaivo filler. Pig. 4 

shows .in perspecdve view how the three foil wJndinas 20, 21, 22 are rolled up Imo a tbree-

10 pbase wfndinl In a perfectly round shape. Pf&". 5 is a sectional vjew mowms tile perfect 

curvamm of the foils 20. 21 ml 22 more clearly. 

The perfect curvamre allows the air pp ot rho motor to be 1111811. , 

Purthermore, a very 1ood radfal support ts achieved by tile CODltl'UCtloD of tbe bydradynamfc 

apiral paove bearlDas ~a, 5b and Sc. The perfectly round windina and tbe use of the spiral 

1.5 poove bearJnp mtntmim thD radial bearq forcea ptoduccd b)' the motor, l11d heDce the 

deviation of the rotor axil. 'Ibe R&Ult of this ii tbat thB motor bu 1 lonpr lite and/or llloWI 

wider DlllDl1facturlq tolerances. Moreover, it emblu a hiper pacJdna demity of tho bard 

dlab to be obtabd. 

To ,live a pomal idea of tbD dlmensiom, the foil between b: copper 

20 tncb bu a thicbJIS1 of approx!mate1y 20 J'ID, am the copper foils am dimcmioml to have 

a tbiclmess of approximately 110 pm. 
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CLAIMS; 

1. 
COllffguratlon (9), wh1ch :!a carrlcd by a mouDtlq plate, and ba'Vq a rotor (7), which cam. 
cm a rotatable hub (6) a rotor map.et which at its outer ehcumfereDco (7a) acmentM a fle1cl 

~ to tbe axis of rotation (16) ml which ll1r1'CR.1Dda tbe con contJsun.tlon with a 
s bell-shaped hub pmtlon, tho electric motor (1) i.vm, baar11JI meus (5a, Sb, 5c) for tbe hub 

(6) and :bavq a aoft .. tron yoke (10). 

sbmpt;rieod in that the coll ccmttpaticm la free from sott-mapedc partl llld la atemally 

amrounded 'Wilh a deno-abape4 mft..iran yob (10). 

2. An clectr1c motor u cl•Jmed in. Claim 1. sabentptmj!C!d in t!J•t Che IOft.. 

10 Iron yob (10) ii tbc.ed1y connected to the coil CODflguradon (9), 

S. An electdc motor u claimed ln Claim 1, '1JmcifttlM4 In that 1tlD toftr. 

iron yob (10) :!a fmclly connected to the hub (6). 

4. An eJectric motor u clafmccl bl Claim 2 or 3, cbarac;rcrlgd In 'bet thl 

coil CODfipratlon (9) compr1sel curved foil windina•· 
15 5. An electric motor u claimed In Claim 4, gbmgtcrl,,,,. In ttpt a. foll 

wlndina (9), wbiCh ia built up on a ayntbetlo-mfn cmlet foll ('21) ml II formed by b 

removal of copper JDlledt.t pmloully dep°*d contlmJously 01'tO tbc ~ foll, ii 

formed lDlO a 8LlbltanUa1ly evenly romJded cylinder. dJe planar ISIP'"bly of tJJa QDthadc­

relhi. carrier foil (23) am the planar cona (28) adherlq tbBteto befDa coated with an 

20 adhesive ftllcr material (30) in mch a mamm that the fillet matcfal (!O) filll tht PPI (26) 

formed between the Individual CODductm trlCb by tho removal of die copper matmfal, and 

tbe Ulllllbly thus stabilized ii wound Into u. evenly rounded c,liDder. 

6. An electric motor u eJafmot in Claim '· phtppWlel Ip t1wt ta. 
25 adbelive filler matedal (!O) ftlliq· tbl ppa hu mcb a ltlbllitJ-dmt ltJOJm. 1be pllmr 

c:ondw:am traob (27) ot tb8 colll to om aDOtber With a dfmemlonll 111.btll11 •· dmllP IDl 

llPI (26) were sdl1 tUW widl tm 1'llDD'Yticl copper. 

1. All e11ctr1c motor 11o•aiMImClalm5, r"'nsW'n' ta Jbat die 

adlmlvo fllllr matmial. (30) 11 die 111111 dmll forms a laJlf COVldna• tll: upper aflcel ot em 

iili1IUi1iHr 

• 

• 

• 



------ -----·- ----

.. . ......,, ., ... __ _ \ \11\11\ \\\I\\ Ill\\ l\1\11\ \Ill ·. 
THIS SHEET H~~ 8,~~N 

REPLACED . 

. . . 
* C L M S * 8 27.02.19" 

p1aDar coils (28). 
I 

8. An e1ectdc m.oror u cJatnwl in Clatm '· g!tvw;tm:f• Ip tJw t1al 

aehesivc filler 1l'later1a1 fa &. gi.;mibfo 3.dh-OsiVti. 

9. An electric motor u clafmccl In Claim 5 111/JJor 6, ,,,,,,,,,.,..., to OJet • 

5 dis adbelive fU1er maredal ii appUed by lillc-ICRllJl prJndq or roller-madDs· 

io. An e1eatrio motor .. ctatmec1 1n Claim 1. nbnm'n 1n "'• • bmhJa 

meana compdso axially actm, (Sa, 5b) and radlaDy -. (5c) aplnl.pove bearlDp. 
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