.

__EDSt epper motor with-int egr at ed assenbl y This mvé‘“htsﬁbmtﬂaeBam&placm steppe
o

tors, and in particular to .permanent- magnet she t epper '
tors. St eppei,grlggéf)?ml nclude a stator for . groduci mul 11 9‘?'1@92 '

“magnetic field a rmultipole rotor for rotating about a central axis of

the stator in §ﬁ\é§1§?ﬁ&bﬁmtﬁﬂlﬁ gmiggé,ﬁgl ng field. Typically the rotating -

‘magnetic field cted by applying efectrical pulses of continually
~changi ng phase to.respective windings of the stator. Further details of
typi cal stepper nmotor structure; operation and drive circuitry can be
obtained froma publication entitled Al RPAX Stepper Mt or Handbook
publ i shed by Airpax Conpany, 604 West Johnson Avenue, P.O Box 590,
Cheshire, CT, U S. A Because such a notor is capable of converting

el ectrical pulses into discrete nechanical rotational novenents, it is

particularly useful for ontrol e .rotary or line position of an
obj ect .coupled to its r gﬂﬁ&ét‘bf BP%WPW&%@Q%IH%@%#OWH“W“

takes advant aggghét ghgétsmg@_pg}?eldtégefﬁ,dt&gsustrat ed in Figure 1. This Figure
shows a stepper notor 10 wh been nmade by Airpax Company (part number

A95228) for controlling Stenpel'lmMGrs ipcluie actatorf for prodyving acodtilg multipelet r ol
airflow 14 in.a thr roptl.e Rq?F];an tpternal onbusti on éengi ne (not-
shown). The eXi3ep i 2p (,ae Tqlentor rotating %%@WH&E@ the statasfiar m

to a-neck s3I §arRrohlsn?with el otk 'f?eld’of‘%pa tﬂ@troﬁﬂﬁ #ﬁ@ﬁ({ ﬁgﬁfits t%é by

the head regul'ates the nagnitude ra ce betvve WO sur

\;,A\\IIh t hﬁt,gh it sppiy}ngdﬁwmail pulsey of eortinuatip chmgilngtﬁhase tatrt‘,@ebmt thﬁt@hﬁf
ic

has a t nd a |nternal thread of the rotor |nthe
stator contai dﬁ“‘?ﬁ’é dr?&"g &lhgﬂ’s‘gﬂ MG{Er Sruptyre; 9%@%%?@6“@@#“1“7
rotating wthcatm&emedwo f,ma sl
_projecting intor ective | ongi tlfégl nal grooves in 't P#&?%e separ- at e

e
part is attacmidlsbiﬂp by AdrpaxdCompanys 1604 dWestviohnsoni Aseriue, PO Boe$98, CHsshere, of
parts held (;gi. tﬂfsrén two outer shell menbers which are. fastened t oget her .
This arran t tions well, but. is conplicated to assenble. Such .

St o o
iscrete mechanical rotational movements, it is pa.rttcularly useful for controlling the
rotary or lmear position of an object coupled to its rotor. An example of one linear
apphcmon which takes advantage of this capability is ﬂlustrated in Flgure 1. This
15 Figure shows a stepper motor 10 which has been made by Airpax Company (part
number A95228) for controlling the linear position of a shaped head 12 to control
- airflow 14ina thxottle'body-'16 of an internal combustion engine (not shown). The
~ external surface of the head 12'is pfecisely shaped to conform to a neck surface 18 ef
the throttle body so that the linear posmon of the- head regulates the magnitude of a
20 clearance between the two surfaces. o
_ Although it is not shown in Figure 1, the head 12 is attached toa shaft
‘which has a threaded end engagmg an internal thread of the rotor in the stator contamed
in the motor housing 20 The shaft i is prevented from rotatmg with the rotor by means
| of a separate part which has fingers projecting into respecttve 10ng1tudma.1 grooves in
2_5 the shaft. The separate patt is attached to an end of the stator, whtch itself includes a
number of -parts held together in two outer shell members which are fastened together.
Th15 arrangement: functions well, but is comphcated to assemb]e Such comphcated -
assembly of numbers of mdmdual parts typlﬁes the motor., |

R Y .
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LY
modul ar construction mhlch may be easily and rellably assenbled. In
,accordance with a first feature of the invention the stator has a central

axis and co noI i thically-nblded gssenbly including a pI u§ akit
Iﬂwgiés enbedded in a nolding gf i nsul ating material. g‘ﬂﬂ 1892

| S?LSLSdeSLLE?StE‘L 2 R ok 5 RSB ke e Bl v g

at |east a p%{ddm&hsﬁuiuﬁohqmennn fuer&tsu%halresm hay¢éribleear i ng- hol di ng

- means; and a second axial end conpfising a bearing portion having a bearing .

surface with a circul arlncacoerdaseewithra ﬁrsdfeammqf € inveption the=stator has aceatral

Preder 1 ned sAds@nd aitrisstp ompiitaly OB Aster g incihEiaE A EliBl of mute-pole

suppor ti ngs agi&a& eRBeddtdUh ¥mbMingd 6f {MRatatin miiennl THe fRGMing efihEatTeddt e

-nol di ng; cond end having a bearing surface .di sposed for rotation
agai nst t he bircurnfeyential winding+holding channel disposed rabvoutthe amgannnner; axialy-

di sposed for rotagtion wt e, St and,.a. t ad ce. The, shaft -
conprises an€ atfniinsmn@gfyaeeegs Aot oA of i foi Sk SR e nivine
-~ for cooperat %"& 0 t bd'ﬂ%aﬁ,d I '
novenment of 'P ot o Ir?gnéad;{sa d| Spl age%%t&gfé#ne shhaft. Sdc rgggrt]lgvmga :
include a fi beanng)surfaca with & lcirculantrosh sedtiog andt dm adjatedt shaff antiratatiquopartion n

300 b R e RS R o i Rl 6 e
di s&gegr?ﬁstcﬁﬁ Fl&ftbadryt | -ro?%?ﬁgggpﬁwg e st gt or nol H Xﬁ.rmg-

accor dance wholing meansof theatamremol‘dmg;en secondiend having arbearing csurfpco disposad for |

-‘generally cyllndrlcal rreallc barr.ier, a hub forned of a first plagtic
“material  nol G¥AHEMaganst {RRrEon of e Stgtory 3 prrmancat Magngy portion, meef
a second pl a tz[% rihx%Ha ‘Ma laxi

accor dancg V\n?étirlh&a %ddﬁ?etg?t%?gﬂo e |nvé;dn?| on tgg eritﬁ%r |ﬁﬂfé§dﬁs

housi ng d1% pdsplaceabdel end extending from ﬂtezlstatot:andemans forcooperating rwith the rotor and )
aact "one”w 6 Sopts ek ARtenaly ngmaéﬁoq (i oot do el plspBseris B b et
o spoged. ST HRAnERRADE SALPUBICD (ohhin th0E ¢ ifealtd AR AUDM TR
stator, has rotpebodydn aotatahietengagemmh with ﬂteathteaderbsurfacetofahe poteribody anded
o Geval | TheSCoD FOERGH Shbe 1A HAIVILE Sn e sclege MHG 4 MSHOD Pa e
‘the term gal ﬁredEﬁﬁ&i Sﬁap& fid 'being' sﬁﬁaﬁly dlsposed in the shaft anti-rotation pomon of the |
' stator moldmg _ o - |
) In accordance with a second feature of the invention the rotor compnses |
._ a generally cyhndncol metallic barrier; a hub formed ofa first plastic matenal molded
| ‘ininiér surface of the barrier; and a magnet formed of a second plasuc material
25_ moIde&fo;'an outer surface of the barner
In accordance with a thud feature of the mvenuon the motor includes a '

" housmg dxsposed around the stator and a connector means havmg extemally-accessxble
' 'termmals which are electrically connected to at least one wmdmg of the stator. The
sta_tor includes at least one bobbin mcludmg first and secon_d sxdewalls between which _
30 the at least one winding is di'sposed. The first sidewall is located toward a ﬁrst axial end
- Of the stator has a penpheral portion with-at least one notch of predetenmned depth
.and the housmg extends over the peripheral pomon of the first sidewall. The connector

: m&ns comprxscs an msulaung body molded around the termmals Each of the terminals

Thls Sheet Has Been Rep laced
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"3 has a fi rst part which is accessible external 1 y rmtor and
~a second part extending t hrough the at |east one n Iy of -the
first sidewall. Each ternminal is electrical I conne

_ e form n?992
~the at |east Bﬂéﬂ\lﬂﬂﬂng The predet-er ni ned pth of the notch is . _
sufficiently large to ensure that a clearance exi'sts between the second

. p]arthof t he tkasmﬁa!tpandwhichmamsh?e :xneraaibbeﬂ&ncséemﬁrmammm secondiparte
Stator and a COFAIRE SRER R et fnd BERN TatSUAY o1 B0 SRE S BNRI Bt rmingt
are el ect ri CalefetABIRCdtebEd & alvins forfiieg Wieali 184kt Ohe WiAdia ATRE prellBrmined

stator. conprises at. ast one bobbin having first and second si dewal S
i ncl uding resgepth nfehq)hetchss sifficiegp large to gngyse thaiia clearancer exists betwgenthe

whi ch the t | eas i n | sed. The housrng conprrses

magnet.i cal Py-{&P Wi?ﬁaepf% gerpgnal gt!?%@ a plurality of portions which -
are deformed into respeqhigdgorifiteatith h%wrmrte dfi the linvention EfomBtop iational | s
~.of the at | east one bobbin to force the. housing into contact with the S

pl ates and pringludes a ltbusmgahspdsedeamundtﬂmsmgm aocqnaeatonnpmsrhavmg qctemaliy- .
magnetic field oro uced by s ' Y] accordan -

~ fifth featurASPSEHE t?mgk ‘%qu n‘fﬂ"ﬂﬂ&gd égﬁbtféf‘n‘a"d‘“é‘aﬁ@&f% ound

the stator and@rSHaf ygf‘dsilhs&fattl%ﬁrdﬂk%bﬁﬂq{hﬁﬂ?ﬁrdt%atse&ﬂd%idewaﬁs rotor -

effects |inear rrotron of t e shaft -extends axially out of an-

openi'ng i nl0a including respettive plats of mmemuwmw&mtﬂml betwgen adighdthealis.

The first end is coup| ed to and, t he. second en attached t

oper @i ve meni§ast one, PQFREP (t#‘ hqusing cogp %Wﬁ%@rﬁmﬂi‘% %n%p
der i ned

predetine Craﬁ,@ape e;)?tmggaaﬁ riohs RHich arB RGN 2&8ons between

Cross-sectio aI 'y fromthe operative nber and around
the tubul ar pihetfirshand sécdond sidewalls of the atleast ane bobbiartp fpmo thQr bousing istel corftact

t he stator -and opening, in ul a define pat h.
that i nhi bit W%‘héﬁ szoIP wﬁ@aﬁﬁcnaﬁ?é relp & 1Pé %‘?’BF‘ magngtic
th((jé1 rlotnolr Icfle?] g i QG Dy d‘aﬁ ivdnk Wina ;ﬁgre of the |nvent|on t he not or

also.inclu s a housing dispose around t st-at-or and includes. neans for
mounting the notor. The Inaccordancermeitng fifthnfeature of the investion: the motar jnstudesa

attached 10 1 “av'ﬂﬂavseée”tuﬁom%ia?qr% st sRundt B TPt B Bl fogaton of

sequence, a f ﬂhg%ﬂﬁ" éfféég cﬁonro? Gheé thd;l‘[‘ %ﬁe&ﬁ n%%t%@slagm;g%ui f aw 'b?ifgf‘é]g

agai-nst a rigid surface o ject to : be moun
Second cir cumhen euttular endengﬁ tbe stator! andi ingludescfirst and aecondrends.cThenfirst endrisan

S:Jtste ;nigr ]]: M%@p%&iiﬁn&%e £ nd & & '1.'9 Qttac?tec? 5 ES%%%%%% rrln%gnbrer di‘ﬁe tubular
end of the stator has an outer surface of predeﬁned cross-sectional shape A tubular

_member having the same cross-secnona! shape extends axially from the operative
member and around the tubular portion of the stator. The tubular member, the tubular
| :stator and the opening in the tubular end define a labyrinthal path that
25 mhrlﬁ”tsrthe passage. of contaminants from outside of the motor into the rotor..
~ In accordance with a sixth feature of the inveation the motor also

mcludes a housmg dxsposed around the stator and mcludes means for mounung the
motor. The mounting means compnse a cylmdncal end portton of the housmg havinga
central axis and a mounting flange rotatably attached to the cylindrical end portion. The = |
30 end norﬁon. includ_es,' in sequence, a first circumferential region including first means
for pressing against a rigid surface of an 'obj'ect to which the motor. is to be mounted; a .
second_circumferentiai region including second means projecting from an.Outer surface |
. of the cylindrical end portion to a pr_edeténnine,d radial distance from the central axis; - -



o,

: T _ ' = “This Sheet Has Been Re lace
and a third circunferenti al regi on havi ng a prede I anet er.
-~ The -mounting flange has a circul ar opening define I nner

Surface whic es in.diameter .fromth thlr |
" region. The %&Q&ﬁ%ﬁll nner surface engages ?he second rreans and Ioc@sfﬁlg&j
fl ange agai nst _rotati on when the flange, is axia rced towar e first
‘region. The MMWmfermmemee vmsédpqeﬁetﬁﬂf{@e@ep ter di q,\ﬂ’é,l'leomountlng

Shou 5 typi DaEE BEFY Shpiihs bl UMY EocaRN R niflpt Wch FERUSE B

shaft, Fi gurdza?t’neta- ﬁameﬂtaluﬁd&degiommwadrthé yecondceglew 'slee:beuuetbﬁmtersutfaceer |
not or constructed in accordance w ih the inventipn, Figure 3 eOg si de-

| ‘view, |argel 9"8%%%%@4:!‘1?@&33@}1 qoks the, fangs against eatatian WB?’th angeddre 2,
Figure 4i ion, of a stator mcorporated |nthe ,
st epper no orgﬂipggl gure gﬁﬁﬁﬁ%ﬁ?‘gts gfa&‘and 5b are end and side views, _

respectively, of a statTHe invbstion wilbnowbe describedcini motehdetal, a:pwapbfsxeuple
4, Figures 6a through 6d are side views, in cross,section, show ng

successi ve sithsreferencectorthe @ccampanying: drawingsoin #hichhear i ng asserrbl y

chart ¥ heor por at ed i . (B Lahbs Rl 4pBitaioh ot ok mctoP hilind pefies,

of a port|0nnﬁ§vlabjeesn§ftppper notor of Figure 3, Figure 9 is a Sl de vi‘ew of
end portions of electrical termnals shown in Fi gure 8, Figure 10 is. a
cross-sect® onal VI ew of Fighwe %ﬂ%ﬂ)é’iplﬁ‘iﬁdowe% pﬁtb'u\necrgss segn@hogp@t@pem@otor

section A-A ure s-sectional view of ‘a a housi ng_-'
and ’I ange p8? i ?'i"u ﬁ?@rﬂ%ﬁ%waﬁ%ﬂﬁ S Figure 2 illustrates the .

conponent parts of a SUFipeR 3 04 eide (AW Targdly th mmmeﬂ,aemevussémma@s
i nvention. The parts, which are assenbled along a central "axis x-x of t

mot or, incl uﬂ@t@f%ﬁmig a flange 24, a housing 26, a stator 28, a rotor

30, a ball" bearing 32, @loaptofise Qb fh W se%éona&daaﬂmﬁ'f&hsarﬁedmme

.connector 36. The
15 stepper motor of Figure 2,

Frgures Sa and Sb are end and sxde wews, respecnvely, of a stator pole .
piece incorporated in the stator of Fxgure 4, N
Flgures 6a through 6d are side v1ews, in cross section, showmg |
successive steps in the manufacture of a rotor and beanng assembly incorporated in the _
20 stepper motor of Flgure 2, , ' : :
Figure 7 is a side v1ew of a shaft mcorporated in the stepper motor cf
Figure 2, .. _ o _ , o
" ' 'Fig'ure_ 8isa top view of a portion of the stepper motor of Figure_ 3,

' Figure9isa side view of end portions of electrical terminals shown in

5 | Figure 10 i isa cross-sectxonal view of the stepper motor of Flgure 3,
taken along the secuon A-A, and | N

Figure 11 is a bottom, cross-sectlonal view of aa housmg and ﬂange
. poruon of the motor of Figure 3. _ o

30 L Flgure 2 illustrates the component parts ofa stepper motor constructed in
aceordance thh the invention, The parts which are assembled along a central axis x-x
of the motor, mclude a shaft 22, a ﬂange 24, a housmg 26, a stator 28, 2 rotor 30, a
bail bearing 32, a elastomer O-ring seal 34, and an electncal conne_ctO? 36. The
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5 assenﬁl ed stepper motor is illustrated in Figu 5‘28 V\:hl ch
~serves as a central  building bl ock of the stepper rately .
“llustrated in Flggr 4. One of four identical pol porated i n

the stator isPH#be end view in Fi gure 5a5and|nfront view i n Fildddel992
5b. Each’ pol e plate i ncludes a number of integral poles (six in this
_exenpl ary not ¥sgmbledcstenpsr motorcis dllustratad inFigure 3.- mol ded assenbl y which i s

Lo e P o bond B diflo g s TBRE 42l 3l e M by B eper
plates are armonrgpis sepatarély Mhistratedtin, Figtie arcnésﬁfo&&denﬁ&lﬁdl e Pldtes

overnol ded to formtwo, respective nol ded bobbins 40 and 42.  The two pol e"
pi eces are aringerpemied imthecstatoris showadinrend: view mtl’cmrﬁatamdhmfmmcwmm Figure

ol di g1 ottt Risee inelites § sl OP BMiplal pOieE (it i 1S Ereinla mgron
at a first eﬂljhé ﬂﬁt&'x@ﬁ%ﬁhdﬁﬂh&llﬁmbl&d%ﬁmlﬂ? which #& ﬁﬂﬁbd %5' lﬁiﬁéﬁbﬂﬂoﬂﬁlg a

wi thin the pol e pieces for receiving a centr magneti c pofrtion of the

rotor 30, andplasticsmatenial suchasdpol !h\'@! @Irenhqﬂtalmgmmﬂ the: fowrcpole plates38a,138b,

o nner sur T4 St Ené BEBAERe B Vbl R By i e 0 B SHL o™

form a j our nadvepmaldeddo foRR W6 rsswﬁ\rwmémealwaﬁﬂswﬁﬁmfem p
t he shaft 22 and has a non-circular shape (when viewed al ong the axfs Xx-X

whi ch cor rl@s psmngediwith raspect 4o eacheothemsuchyshat their poles imermest ut domet toneh, as
. non-circular to vent ﬁ'ﬁ on of the shaft with-the rotor, and in the
prefe”red er‘rblng O‘Hbgh g""*so and shaft portion 54 are substantially

are. The rotor I tafdrad tle ré?eéd%b?éah{ ﬁ%? G
:ﬂgw successi ve stlassI | nmlé:ss rrangldgﬁjﬁrt?“o%iehs{hg%ﬁggi e descri gie he
fol | ow ng, cmneemogﬂatrgﬁystleadtfer closely holding the banngﬂeamealralyopeyingm&wnhin
barrier nenb foromed fromag netal .such as umi nu The. use :
the barrier ﬁéﬁ‘gg} @ﬁe réf REALY 8,8 °F’5l?%r maggetic, ppftion Qﬁh 59‘8‘?15611%{&9@? to
be - ei t her 1gi wﬁwmﬁbﬁmwﬁawwhhelsbmwee&m&m UHifse -

surfaces of the nmenber. barrier nember includes an i Egengat i on SeSaf or
preventing rdk)’hﬂ;‘ﬂearlcmdﬁmf the rotoe 30 and has|ani inger susface which caoperatesevitinanl

Eﬁﬁffef“héﬁ%eoﬁﬂeﬂ%@%? et o oLk St SRiing SERnd Soetine 03 Bondly
receivingt h&e&éﬁésl #Portidn 54 of the shaft 22 and has a non-circular shape (when viewed along
~ the axis x-x) wh1ch corresponds w1th that of the shaft portion 54, This shape must be
20 -non-circular to prevent rotation of the shaft with the rotor, and i in the preferred
| embodiment opening 50 and shaft portlon 54 are substanhally square '
| " The rotor s illustrated i in detai in Figures 6a through 64, which show
: succeesxve. steps in its manufacture. These steps are described in the followmg, _
e gly-lettered parigraphs:
| 7. generally-cyhndnca.l barrier member 56 is cold formed from a metal such as
| alu_mmum. ‘The use o_f t_he. barrier member strengthens the rotor and enables_dxfferent '
- - materials to be either simultaneeusly or seqixenﬁélly molded to the inner and outer'
surfaces of the member. The bamer member mcludes an indentation 58 for preventmg
rotary and axial movement of moldmgs formed on its inner and outer surfaces. _
30 Altematwe1y, a perforanon may be forced through the barrier member It also mcludes
a reduced-dxametet end poruon 60 for receiving the bea.nng 32. _ -
) b. A hub 62 is mjecuon molded within the barrier 56 from a plasuc such as
.-POlybmy_lene texephﬂl_alare, with a protruding cylindrical end portion 52 (which i is

25




such
as pol ybutyl ene terephthalate, with a protruding nd portion 52
“ftwhich is _ 6 received in the stator open| ng 48 urnﬂy11 1992
bearing). ARHAZIT®H i's nolded into a cenral portion o e hub |
_rotatably -engage a corresponding thread 66 on an end f_.the S
.22. These errm?v in thecmtator opening 48,tq foraythejp g@ﬂé&g bfigma @H&F‘Eia?‘g

“axi-s x-x when the rot.o t Fapal |
e e e el Sefi Horkdh 1B B 2o Toplinly Eﬁ%pﬂ%‘?&@ﬁag REOhaAE Hig S5 bR

~ i njection Mahdesdra6R eRthd SRADY. Thessltrgn mgoeuememcnﬁnwmmﬁﬁmofﬂmrm"

a cylindrical £ermanent magnet 68. The ma IS magneti zed ei ther during
or after theshafoialongyaxis scxewhen thestotor is rofa as to permanently inpress a

ai rs. InSEhi S o RpRRy-peERRr it ALy sEHAES Rl oF Bty kO Ba B! ¢
bearing 32 'tﬁe@mg el tn?i&%ﬁ@ﬁ&&ﬁdndﬁdﬂﬁ gfound dhéButef sirfacelvfthée barrier

menber. It is arrier menber .by bending the edge of end 60
away from t membersS& to forma oylmlﬂcnbmnmnemmam@ The jmagnet isdnagnetized

o' "o S e oS S 55 g B e,
shaft has an%n“g,htdf f disposed i(] & t60form polepairs. tIhos.e-

alé
figures. The head used.in thr ottle ﬂl;gody appl i caI?l ons and the actual -
‘cont our: d@edhnaxenmﬂaryrembodlm&!mﬂ}ﬁﬁ@!e $iXPOl@PRIrY.i c throttle body in which

| .'pér o on o ana dEi b B E3 B 80 e pb BARU AR sIC00 BEUR slbkiEr ' "e

i al Sucrne.fi Serd yp&&meuqa%éuhhefimenf&ewwnummeteugaotsemaw awa Cfrom
ded 'as a sin

70(a b) are gle unit, as-is bést shown in Figure 2
‘shaft al so ithehxisaexa t ubul ar rret al shield 72 which has a funnel - shaped end

Dbt anti a1y cont or s A SrARBRACIA Y a2 Rl 1S B AOERLALY. his
‘the out erss wnitre®meht kfﬁbha&ﬁnyqaeﬂm thaOshoWt inKigufesP/and)8, mpu thgt of

the nol ding.. End portion 74 al So includes a nunber g., three) of tabs 76

which are plhcaduéﬂa disposed gt onecend: ofctheshaft hasa slightly dtff@fﬂﬁ quéaricontour than a
10U WY Gl LSS, b, S D it e e
o . actual contour used depends on the deslgn of the speclﬁc throttle body in which 1t is
p.| The shaft includes a central threaded metal rod onto'whi'ch' the por_tion i
. 54 and the head 70(a,b) are mjecnon molded from a plastic material such as _
polyphenylene sulfide. Preferably pomon 54 and head 70(a,b) are molded as a single
unit, as is best shown in Figure 2. The shaft also mcludes a tubular metal shield 72
_ _'whlch has,a funnel-shaped end portion 74 embedded in the head 70(a,b) Preferably the
25_ end pomom 74 subslanhany conforms to the shape of the head, to prevent deformation
- of the outer surface of the head resulting from shrinkage during cooling of the molding.
" End portxon 74 also includes a number (e g., three) of tabs 76 whlch are punched |
B mwardly from the metal shield, leavmg perforatmns through whlch the plastic matenal |
: fonmng the head flows during molding. The tabs strengthen the rigid connection L
30 between the head and the shleld and the perforauons ensure continuity of the molding o
material on opposlte su!es of the funnel-shaped portion 74 _
The pnmary functlon of the shield 72 is to oooperate with the stator 28 |
in prcvalﬁng comaxmnams such as du't and gnme from entenng the motor. As can best o

"b. Ahub 62 is i nj e.ct-i on ol ded within the bar rﬂeﬁhssﬁﬂsmml‘ﬁ;és




bet ween t he head and the shield, and t he perforamlsﬂheetﬁa@mehpbwﬂl nuity of
the nol ding material on opposite sides of the fun

m Hm |on 74 The

grimary function of the shield 72 is to cooperate r 28 in Z
preventing coPHA2h@0Ts such as dirt and grite fromenterin notlde11.1992
can best - -7 ‘be seen in Figure 3, .the stator nol di ng has at one end an .

outwardl y extm\sbengnrmgunedh the smrrmoldm§hasmtmapadaa autwardly exténdingiportions
o circular int eferred. rrbodl he Lti.on:78 (Ol -
G et or i cTE oBbShE s shabe ot (R Shieid, R it %ot B8 offrefil Ueitogiment e
shiéld, in -Co?ﬂﬁ{:@frt]i'oﬂ 9/\? ?ts}t;h,{ t(ﬁ’é]ﬂétéigw \ Rhas
| abyrinthal path“that i nhibits t‘ﬁg entrancgﬁgfmcont amynant'él-i‘ékltt??tegnit1 Exra{)n[egerr
The end: of thﬁ'thmshielﬂ (Thepshield, lmcodperdmn ﬂleeextemimglpomdﬂdlpyesemalong
i.-ncrease the of t hal path,and tp |ncre ren '
the shield? deﬁx&mﬂam%%dﬁ% !reL' mraﬁm f7 "c‘ﬂ@lﬂéﬂ‘éf‘{‘” &Hﬁ ﬁ}aeg 9 e
circular plas m‘?" ﬂhf* aded
.rod with the %%él?l E%pugortmn §d§ I nc es a tvvard ;'/{é;;lreg c‘%tf}ﬁg :
integral stoplaBgrnthil pdth and pe indrease \the ktrengdnof&mmhmiﬂ ng stop 82 mol ded onto .

an inner surface of the_raqtaor hu%\%ﬂ{ gh t st.0 aye ax y- ext ndi ng -
faces which are positio res gdﬁ‘\é\g'? ¢ UG eFGtCAch’ ¢
Lhe shatl |5 Bofish e mgﬁ*?@u{%gn m&edrmg&ﬁeows&ﬁog R ihd mapﬁwﬁo{uhﬁ

shield woul d erw se aga| nst e proxi.nmal stator
surface. TH s8(himncludes enmsmrdly—pmung integrahstop®0awhith coopenates with 2 equi r ed

| t: @0, F ouinEEsaonding apis) moLed o, HTRE SHERRE f e G910 b o HOCHIRSY
ol cctri cal | rieqF SRty iy Floff wRit S8 poRBAREheh thft Bef Mt iy op roer,

four electri aataﬂonnﬁth&imﬂ&éaimﬁ#h;m&ﬂemmdowpbmw whmohﬂecﬂaréa"uend of the
term nal s pa rou t he pol di ng from-an, access port 86, .for ceiying a-
mating el ect r’i%bé‘l? gtheryise bepulled Against; the proximal stator imalding a G&cHs 5

Sriedges, s SR eNoing Ui ol Bhic oo bt W9l By or

of ' the termi nhesmmmmtmgﬁeﬁmdsmmsstdeMdl&ngj the two bobbins, in
whi ch the pole plates 38b and_38c are_enbedded, are also notched in :
region 90 to provide a Fb&‘gﬁb% @“@MM#WWSW@P‘%MH@B‘%mhofWSt

Second w nai g e 36 o G or 15, Tpf Sl i dncily f dekuich it *

- second w ndi

matenal ‘such as polyethylene terephthalate in which four electrical terminals 84a, 84b,
20 84c, and 84d are embedded. The tenmnals pass through the moldmg from an access
| 'port 86, for receiving a mating electrical connector (not shown), to a face which lies
_adjacent a sidewall of stator bobbin 42. This s1dewall in which the pole plate 38dis
embeddedj is notched' in a region 88 to provxde a rec..mng space for ends of the |
:"f The mtegrally—molded sidewalls of the two bobbins, in which the pole plates
2 38bandi-38c are embedded, are also notched in a region 90 to provide a passage to the
temnnal ends for the ends of a first winding 92 of msulated magnet wire wound on the
bobbin 40. Slmﬂarly, a seoond winding 94 is prov1ded on bobbin 42,
' The method of attaclnng the connector and mahng the electrical ,
~ connections will be made clear by referring to Figures 2, 8 and 9. The facing surfaces
30 of the connector 36 and the stator 28 are affixed to each other, preferably by ultrasonic ) _
Weldmg Imhally, the ends of the termmals are onented substantxally parallel to the . |
facing surfaces extending away from the axis x-x, to facilitate electncal connection of
. the windings. As is fllustrated in Figure 9, the termma_l ends have respective thickened




The net hod. of attachi ng the connector and nmaki ng thﬁnsshe@ﬁftag g qonnectlons
wi |1 be made clear by referring to Figures.2, 8 and ] %41 f aces
of the connect dPHAG2RTQ7t he stator 28 are affl -ed tjmm referably
by ul trasonic. vveI di ng I nitially, the ends of he t ienteqg, 1992

substantial ly sur f aces, ext endi ng away from t he aX| s
x-x, to facili tat e el ect’rl ch?&{ }ﬁﬂ?@ féﬁpmet:m therwire gads mmw&hg

in Figure 9, twbmgmfﬂefﬂmrwmhme respective thickened 8 porti
96b, 96c¢, and 96d .for preﬁentl &at he wire -ends of the Wi nd| ngs from

slipping off of the terni (era)éndshsﬁmr rea’h%vréaggw |
around a porti esrmimaltds ww%t er m nal d| sposed fesnegtive
body and the t hi ckened “portion h&pbﬂleahmkmbdt portion, Sing is Sikh

of t'he terms amlimdaromdtheldmﬂcﬁ, ad}qh j‘gagﬂg res are then ip
?%'BP‘B?i #ad therattaghed wires

void contact WEuHed AP SkIPA gr Aellercaryirbent dowsing 8o ubichah Wkgéa&qnﬁgl ati ng

cl ear ance bet agyid E&ﬁa&e\%h en s and t he housi-ng, ,fgrenoughto
attached to the stator ?‘g% W ieallyoinsilating Qesglsn@y the

end Wires of vhetweenthebend teirmixial 38c or 38d,
respectively, Qecau g 5@?@5’ }v e%?‘l‘émedrtotthmstaa‘oa,t Where .

se, gach_of these pole
mol ding with & M éi‘?ﬁ\%" f the: tewmiaal ﬂldStOrQﬁe%ﬁ(ﬂ Hﬂﬁr t he rgglég’r‘;ls '
where the. mthjm Figure 5a) AS 6
Figure 3, the hous?shtg %r%ggoggﬁﬁ@é'g? ltsn@aeh afdleseﬂobrphta/gr e?de%dwg

' Stator molding:
gf ch ngl e::t]rﬁg#ﬁr mt he e‘tvg!s’t oner Oérll ng%%%%ﬂ" pg” tedinde et girc}mwm itife

secured by be -O(See(mgmaa} he peripheral portlon It has

been found that. the ope | CJ y of the notor is 5|gn|f|cantly _ N

i nproved by deforning sima MBBM'QG@G mgmﬁs&fnl&d %“Pﬁ .
e

23 androw
T s e i B R e ot
@ G %‘F&? ‘ﬁ%’é"‘ggﬁ’ QQ!E"B i§ure

f d entsegh .th h
E(r);a :; reef o(ramad |lﬁat ebcﬁloug# é@r&m r I)Q";;ﬁmllnylphéhl ngﬁgg,@gnéow
i el ds produce

rovi des | ow Ithetopelaan @ e. net i
' %effgﬁer@ﬁg@‘ %mlg gmpﬁ"ﬁﬂ rdeforhﬁn gisfhafla,

t he: w ndi ngs n t

‘the housing P:g?f r 9%&8 cmadesefsd netal of pden %084 infignefic M@n%}m is | ocat ed

to engage al icarbod. st&?rﬁ;ﬁf%% i ndent ati ons. 108 suc as low-

S ve Wmdmgs to ensure that the housing contacts each of _.
20 the pole plates. Only two of these |

mdentanons 102 104 are vxsxble in Figure 3, but in

return paths for the magneuc fields Produced. by the wmdmgs when they are energized.

one. 4 Asi 1s best seen m Flgures 10 and 5a, the housing further includes at Imt |

- th“'lm:lentatmn 106. which i is located to engage ahgned con'espondmg mdentauons 108
embedded pole plates 38b and 38¢ to secure the housmg against rotation with |

' respect to the stator It is not nwes
reus sary that .all of the mdentahons 108 i in the pole pIates
tactnd Flgure 11 xllustrates mounlmg means by wluch the stepper motor is

to a body, such as the throttle body of Figure 1, at any desired rotational -
Position around the axis x-x. The mountmg means dincludes the ﬂange 24 and a |

. y
t:hndrml end portion of the housing 26, which are both shaped 10 secure the motor to
- EbOdyatﬂtedemedmtatmnalposmon '

30



in the enbedded pol e plates 38b and 38c to secur@hl et "691 nst
rotation with respect to the stator. It is not ne of the
‘I'ndent ati ons . gg% b\% pol e pl-ates be util |

trat
nounti ng nean h the stepper motor ‘i s attached to a body sucﬁf% 1992
the. throttle body of. Fi delred rotatlo JoF ar.ou
the axis x-x. -The m)unt%’Ef?"X]e"g’h@"‘t ?h‘éd eﬁﬁgﬁ“ﬁﬁ“‘é mFa fp B\png
end portion Of rifbedof &@ma&tﬁﬁb@rﬁdoatm%ntm feionRavilg 8" 1O

the body at the desired rotat) onal posi t'i on. The cylindrical en

portion incl uaember Ofmeoﬁnsm 142, %awmmcmfmomﬂu having a
rojecting in t s ‘110 L ent,i on havi,n

D et 9 HBROA GRS ke of o3 9 ThierG0GRtoRs 1 iapg Heckte SV Spliston
114 havi ng s mahneuymtdrwéﬁcpﬁoﬁbnre %M%ﬂﬁﬁg%@f&?”s 110 and 112

are. evenly spaced around the cylTndrical end portion, at intervals-of -
sixty degrees. The fl angﬂxezﬂanggszhhaslacmﬂar omnmg#ﬁmﬂlbyeﬂbb\jeMmesthdce

et er ' han RS S Gt R o B B Y Bl &w&u to
a rqdius sli getdﬂcwmm éxfb%ihf&iéﬁuﬂ' RACA4D Yo Wil sgﬁﬂglfﬁe £t fhe 112

profrude fromthe axis x- The. |ndent t1ons
posijti oned t odistanee bagdnnktheamdentamﬂmm&hds fnoima the axiSxix Tlteanﬂemguonhdrl()

~thelfl ange24.is ores.sed |ns outer surface, of e b nd, Jpun
by feans s L hag difsp ﬁ?ﬂeﬁ g&ﬂ'ﬂﬁ'&# “fgéx‘ﬁ‘ff £4§2) ﬁls

al so  peciEwh uit ﬂﬂt W&gﬂ ﬂcé@drmeecff'tﬁew&f&ﬁd‘moﬂhtedby |

e 118 of t'he body and the projecting. |ndent ations 112 to
st the bmeand whsasrbodue(noﬂsxom) tpassirg thoough ilés120 aﬁrblﬁmdﬁmatmamalsdlz '

_'.fr'ee éLg ?(r)teazgced into, the. r%ﬁgmgtlvgliurfaces 16 A g\g,é‘acpoll@';ofé'

adj usted. to a the
Mﬁaﬂhﬁé intehtatiohf 11216 nﬂr%gllg%sor A{ter the |n ent

connector 36 accessible to a nmating co atlons 512
and 110 arls fflanged |nto the respective surfaces 116 and 118, nor further

Gyl indr i car end: por i on Hegredte ulenont iz al 4 are ebchini hersospectius
Lﬁﬁﬁ??%@“ﬁfﬁﬂ%%%ﬁ&"‘éftﬂ%&?' Ty i 7 At 6 i 5
: flange to be readily ad;usted to any angular posmon wluch will make the access port 86
of the connector 36 accesmble to a mating connector. After the indentations 112 and 110 _
20 are forced into the respective surfaces 116 and 118, nor further rotauon is possible. The
-indentations 112 and 110 pro;ectmg from the cylmdncal end pomon act as spring
} : 'members when forced against the respective surfaces of the flange and the body, thus

al_lowmg repetitive r_nountmg to the body without losmg the locking ability.




10{CLAI M5 1. A stepper notor jncluding a stator having a central é
~axils and w ndi ng means di sposed about the.axis for producing a plurali ty of :

rmadnetic poles_in_t stator, a permanent net rotor having a plur
‘of 'magnetic p8fdk &H&bEI ng mount ed f or - ro{rg ion about the axis, cﬁzetfl ¥992

shaft coupled to-the rotor such that rotation of the rotor effects | i near
notion of theCEAIMS: characterized in that: a. the stator comeﬁ—ses——a—————-

monol i t hical | y-nol ded assenbly including a plurality of rTLI|tI - oI

- enbedded | ma MOt dig of TAsuUlati ng material, said nolding defl “’ °p1““d
| east one cir i ng- hol di ng charmel di'sposed a'bou ll l II
~(2) an inner H“ME muﬁmmg opening for receiving at | east

- the rotor; _(3)* a %i st "axfal *end havi ng beari ng-hol di ng neans; and (4) a

- second axi-al end conprising a bearing portion having a bearing surface w th

a circular cross section and an adjacent shaft anti-rotation porti-on having

~an inner surfagce with ammpperrmubnﬂnmmgaMnMamfaxmmtS%mgb
t he: rotor conprlses a bod |nclud|n a first end supportlng a bearlng

‘secured by thmeprsed Fﬂﬂjﬂh cing plumlityof maggetic pyles in

end;haV|ng a _
por Il on of - thgwém%@?gﬁra g@ﬁ%‘aﬁmgﬂﬂﬁﬁbﬁgﬁaspogw for =
rotdtion w t higlatidhcabdufther axis;rund (aishat éoupleddodhes rotbrsuch that totstionof the rotor
prises an axially di spI aceabl e end extending fromthe stator and neans

for |cooper a¥ i eidecks liRear motion of; the shaft, chasaciarized i thathver t rot at i onal

o (1) abri i e s FAAEHER-Rloldei 3 e iy of

di spbsed in thm&—pélerpnaeﬁembeddatmtabiommgleﬁﬁsm& g \thatéridl} gaifl el defining:
. surfiace of said rotor body; and (2) .a second portion of the shaft. i ncluding
‘an outer surface(biat Qﬂﬂ)@ﬁc‘lﬂéﬂﬂbﬂ windingshalding ohanapldisposed; ahaus the-axis;

being s1i dabl y i)k call§exlkBling Wein YoP eVl it ek aoﬁoxhgﬁ of i thor, |
S () (3) a first anal end havmg banng-holdmg means; and
(4) a second axial end comprising a bearmg portion having a beenng surface with a
circular cross section and an adjacent shaft ann-rotauon pornon having an mner surface
‘with a non-clrcular cross section of predeﬁned shape, |
" b. the rotor compnsee a body mcludmg
15 (1) afirstend supporting a bennng secured by the bwnng-holdmg means of the
_ stator molding; :
| ) | (2)aseeondendhavmgabemngsurfacedlsposedforrotanonagmnstthebanng
pomon of the stator; and
@ 'i)_'ennanent ‘magnét portion dlsposed for rotation within the stator; and '_
20 (4} -threadedsurfaee _ o :
| c. the shaft compnses an axxally dlsplaceeble end extendmg from the stator and
- means for eooperanng with the rotor and the stator to convert rotational movement of |
- the rotor to axial dlsplacement of the shaft, satd means including: .
(1) a first portion of the shaft havmg a thrended surface dlsposed in the rotor body
" 25 in rotatable engagement with the threaded surface of said rotor body; and |
' @) a second pomon of the shaft mcludmg an outer surface wnth a cross secnon
- having said predefined shape and bemg slidably dxsposed in the shaft anti-rotation
poruon of the staﬁor moldmg




2. \ ' A st epper rmt Lllllllﬂﬂl"jmgllﬂiﬁlﬁtor haiﬂ“ﬁ‘ ﬁ % 's and

W ndl ng means di sposed ab roduci n f magnet e
poles in the ?}g&%@ per manent - magnet r ot or haV|

magnetic pole b®/ng mounted for rotatiohlabout the axis, and a 30411992
coupled to thezzrotor such that rotatjon of the rotor effects li-near notion

~of the shaft har.act er i Acgtepper meter ingluding-a statorthavin gci eqntrak dxislandgvinding

Ly 0 A 6 L A TR o oG e e,

material, sai d pepman “?, efitdar hdving atpl
wi ndi ng- hol di n channel | sposed abo%t tlhl(?ﬁ x?fs) 2)d n 1nner, mounted for
axi bl | y- ext endPAUOMBRONt the xS, audaishafk goupled ¢ she migrosuch diat rbtatibe of thetotor

(3)la firstga ff@éts g"h@ ﬂ%e hol di.n ng; and (4) a second =
axi al end conprl SI ﬁg ég&gﬂs O%h%?ﬁﬁ%Hpﬁ’ﬁLer bearing surface with
a circular crossasthetshaft isdisposedoslong 8 afifal t anti-rotation portion having
“an }nner surface with a.rectangul ar cross sectlon .c. the rotor conprises a

. L ubdl ar daX| al %ﬁemwgomam ﬁ?‘c?mhwmom! a:sﬁmbl?mtchldingoal gluaﬂ;@ ozf)
ealli ng |sp0ﬁl -_hgl W@ in grg 0 esaqrrm in

a sdcond end havi Skt ‘@HP é’ sg‘hgﬂgﬂﬂlm\‘ﬂf s3id moldipg )
t he |beari ng port {19rat déast 66e erenfti&ﬂ élra&ﬁ '@P@&d

portli on dis osed(?or rot atlgirll'éﬁvl\?{ hin- the st o?ﬂl?é9 M%ﬁﬁﬁsu)
a’n(‘ji nner é _ eage@ flrinpese ; mHYtqwabMMOp?mlpformmgaﬂakﬂ whp&rfieﬂlmﬁé%@&

‘end lextending fr nd_means .for, erating with the rotor an
th ator to co erﬁ?%%& 3?@#[‘ &Pf‘ﬁﬁl@ Q"gn axial

di spf acement of «oeabaidaxﬁmaeaﬁ g%‘ﬁ&ihﬂgpoﬁﬂ%nh vfﬂ(% ug.efd[,e&ﬁ, Ofurkdds

In the r ody

shaf} havi ng. ap outer threaded surface i spose
r ot af abl e ‘eng¥ih A:gircular cross-sectiom and anadjadent shaftfanha'otahon?od: gf)ﬂﬂihner
ace

and (2) a sec e shaft havi ng an outer: sur witha .

rectangul ar Cr oSS se@*?g%% offes %ed in the shaft anti-rotation

portion ofi5t he Sd&h@&otﬁ?bdh@ﬁseﬁa tubular, axiall g_éhﬁa&gr HR%I Judl ng a
ns seg

stator having a central axis and w ndi hg nme ‘the aX|s for

prodycing .a pl ur@) atfirsbendrsupporting pbiwmg disposed in sheobearing: ing of the
per menent - nags%% g,% having a plurality of magnetic poI es and ei ng
nmount;ed for ro 3 out the axis, characterized in that the rotor

conpri ses: (2) a second end havmg an outer, beanng surface disposed for rotation wxﬂnn the.
R bearing portion of the stator; and | .
20 (3) an outer permanent magnet pomon dxsposed for rotauon within the stator field- -
. pole plates; and - - o
. ) ' ' (4)anmnerthreadedsurface, o .
| d. the shaft compnses an axxally dlsplaoeable end extendmg from the stator and
means for cooperanng with the rotor and the stator to convert rotauonal movement of

25 the rotr:-to axial displacement of the shaft, said means mcludmg

(l) a ﬁrst porhon of the shaft havmg an outer threaded surface disposed in the rotor
~ body in rotatable engagement with the inner threaded surface of said rotor body, and
(2) a second portion of the. shaft havmg an outer surface thh a rectangular cross

| section slidably disposed i in the shaft ann-rotauon portion of the stator molding.

30 3. A stepper motor including a stator having a central axis and wmdmz
means dlsposed about the axis for producing a plurality of magnetic poles in the stator,
and a permanent-magnet rotor havmg a plurahty of magnetic poles and being mounted
forrotat:on about the axis, cha.ractenzed in that the rotor compnsw |




e T SRR,
_ 'barrl er. 4. A st epper notor as |n c al m 3 mwml EE“EMl er o -

Isﬂﬂ‘ ;ggs. 2; 3.lea).![ or |§%‘Hﬂ$n§&na§earl dnbce)'ltj\t/veen sai d nting ' -
RSt epper ! grgaz’*rﬂ“?tmf*zmm ?ﬁ‘éﬁii“.’é‘f‘f’? “Z‘i’?‘é“ﬁﬁ‘fﬁgi"é‘%???%ﬁ‘a‘?‘?fmﬂ' -
di stal end V\/nléﬁ is bent radially away fromthe axis for secur1 ng the .

Phe bacr! or has ot pUlned formed ot  pepo BASRE Hast ShofBBt i of obler scrie of e

cooper at i ng S\ barre( r espondi ng def ormations nol ded in the f| rst and second
plastic materials to prevent sl i ppage of the.hub and magnet relative to the

barrier. 7. 4 sf\cstenper motor as; inwlaim 3 gwhere the barrieninchuyles an axiaily
T R W@W@%@Oﬁt A MR et R du@tg‘?clmras Ag

rality of Wmmwlmwmm f Suirfab® aid a%ﬁh‘% surface

axi s} a housing _disposed around the stator, and a connector neahs havi
extefnally- accOf theystatorer i nal s el ectri cal I y connected to t he at Ieast one

wi nding, chgyagterized in t.or cl ude Ie st one bob
i ncl §di ng Pﬁs “and secorfd Mq‘g}ddﬁ ‘\‘/\N ﬂﬁ 3\%5

osed, Sdis&l@nﬂ&bh&h@@b&it'mdiﬂnﬁﬁwh?‘fﬁrﬁﬂtéwﬂ&écﬁﬁﬁ negt%%ﬂh%wa&f

_ tor and hayi ng a peripheral portion with at |east o
pr edeg er.m ned m;— . the housing extends over the peri pheral portion of

the f t d d | at b .
ol deb ar ound tne i m ndh SebBeE HORF adh S whErL e e ”SH St ope radall-
whi ch xdefd codRrating Ptk caﬁé?b W .
exltgn :flgatcﬁreggg the at r:i?aﬂso%t fgfne not-ch-"transversel ai&gf&tf I st de8ewaq'“?

arid béi ng dPecfirstaad spcond plasticematerials twpmtenbshppagenﬁdmahub and: tagmet relative to
wi ndi ng, the pﬁﬁw ned dept h of said notch being sufficiently large to '
ensur g that a

7. A shepper motor mcludmg a stator havmg a central axls and atleastone
: wmdmg dlsposed about the axis for producing a plurality of magneuc poles in the '
' stator, a permanent-magnet rotor having a plurality of magnetic polas and being
| 20 mounted for rotation about the axis, a housing disposed around the stator, and a
~ connector means having extemally-acoesslble termmals elecmcally connected to the at
»' ' 'lastonewmdmg,charactenzedmthat. ' . o
' a. the stator includes at least one bobbin mcludmg first and second sidewalls
. _.'between'whxch the at least one winding is dlsposed ‘said first sidewall being located
25 toward'a first axial end of the stator and havmg a penpheral poruon with at least one
notch of predetemmed depth' '
b. the housmg extends over the penpheral pomon of the first sidewall; and )
c. the connector means comprises an insulating body molded around the temunals, o
each of said terminals having a first part which is accessible externally of the stepper .
- motor and a second part extendmg through the at least one notch transversely of the
.ﬁrst sidewall and being electrically oonnected to a wire forming the at least one _
Wmdmg, the predetermined depth of said notch being sufficiently large 10 ensure that a
.' ciemoeenstsbetmensald secondpartofthe terminal and thehousmg |
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o eonce st e AR, < ] ﬂmﬁm[ o
i

\adj acent firspgangl.gevond 1nt%egral "boBbi fis, 19ach i nqllqm
ifirst and second sidewalls bet vveen which a respective winding is di sposed

~the first sidgwall of the {mBRP '3k in CRIMY Whér!the statitthéluddiCadjident fifk afd |

end of the stator and havin sald peripheral part-with the at |east one

" hotch, the sesecond integrabbobbiss, each f said bobbios including ficst iand secondcsidewallsof
the second b i-n_being adjacent gach nd I v
peri pher al %Wmm% @%ﬁfﬁ%&%ﬁﬁ%mﬁhﬁs :
for -connecti gp Keralpart with
A stepper notor as in claim 8 vvhere the ectrl caI conduc ors-cohpri se:

fiirst and Sectbsdtdeastons notoh, thersacond Meﬂmmmmmmmma
.~ A stepper not r as | |, ai ere the . ec .0f the at |east

termnal incl W‘%&Q&%’P@P‘m’ P&g[’% mi‘ﬁiagm?ga
" thi ckness arww u&ﬂﬁ f&nﬂécdn? s&idRd '
“wihding is wapped, and aggcond portlon o? kness greate eui%an sai d

predet er mi nemmmmdmmmsal d end and said first portion-of
thg term nal,,said second portion preven ed.. | ength of vmre
fremsliding %’ff of sa.g\é‘ﬁwﬁ P cltalmi F@E%W?@
“stdtor havongsi SRS SR BALS of Bt WindiPEipaiRs R eBsd battAR.C 0 about the
-axiys for producing aplurallty of .magnetic poles in the stator, a

nent - maghht rot or Hastepperamotonasin claim(7 whc;nehc cccpnd@anaofdhoat legst one

D et ortShBisaC e n 23 ot s ofnihit Sy ORRR A pebichsBladd iy

ected to draen@bﬁaﬁimgt}ﬁoﬂh@w&lﬁhﬂi &l f'leskPbné Wﬁ is Wuﬁ‘g

rises at |east one bobbin having first and second si dewal |

ective p|mmm@femmmommmmmmmm .
one ndi e _hoys conpr i
oot Pre 8! i Gad 3o B Bt DBl of e Remiiet S SO PER mpevenriog e o
ef-or med"*',mpgd r qj;gm?e‘; f| rst -and second si dewal |'s
~of the at |east”™ ne%?ﬂ%?&hce t Ne ug?ﬁtgéﬁl nto contact with the -
s and prldm de a de&ﬁMm&anmhmmmmmMratmone ]
_ tic field ptoduced I d at. I ast ne tepper' .
moto as i n orimtiin e Sk e i loraitof Fiagnetic poles i ™77
stator, a permanent-magnet rotor havmg a pluxahty of magnetic poles and being. C
20 mounted for rotation about the axis, a housmg disposed around the stator, and connector
means havmg externally-accessible tctmmals electrically connected to the at least one -
»‘ | wmdmg,characwnzedmthat ' .
a.thestamrcompnmatlcastonebobbmhavmgﬁxstandseconds:dcwalls
ir -rcspccuve platol of magnencally-pennablc material between wluch the at

iocl

- b the housmg compnscn magnewally-pennable matenal and includes a plurahty
, of pomons wluch are deformed into mpecnve regions betwwn the first and second |
sidewalls of the at least one bobbin to force the housing into contact with the plates and
. . Pprovide a decrcosed-reluctance magneuc return path for a magneuc field produced by
- % saldatlastoncwmdmg _ ' : A : '
12, : Astcppcrmotorasmclmm llwhereatlcostoncofwdstdewalls
“includes a circular peripheral portion having a radially eandmg deformauon, said
hﬁusmg is cyhndrml and includes a maung deformation to prcvent rotauon of the



def ormati on, sai d hOUSI n

_ ndlnc.hlu et J ti Sfornatlon '
- to prevent rmaﬁn eI -Aative ace 13.

A stepper no cI aimi1l or 12 where 14e co s ‘atL.4t4892
to an axial end of-the stator and where -the hou5| axi al end
portion def ohousing relative ﬂﬂdﬁt@hdl ng portion of sal d connector nmeans to

' t t the h t | 13
vhere the hod3rng has. < hbuor as in, claigh 1T of 19, R i odtebibr isdtdls .
~cor r espondi ngactied oranQixidlad ofthe statcr dACWhere ithe Hbisitig hds A usial end pém

A stepper notor including.a stator having a central axis and at | east one

wi:ndi ng_di spmwﬂfﬁmdeMOuwlwd conpectoraineans wfsemgntamthlmthb_es' '

i the st ermanent - mnagnet rotor having a plurality of magnetic

rncl udes a circul ar. peri B ﬂﬂuﬂi‘w n h Vi ng ﬁﬁdt—&l—l—y—@et—&ﬂd

es and unted for rotation about the axis, .a housing disposed

pund the stutor and Ae@&mmeﬁétﬂxﬂmmmewsn hﬂ&armig C&ﬁ B

rotor effects |inear notion of the shaft, characterized in

bft ext endportionawhich tdefﬁmadospeamgecpondmgmm oéﬂlemtothmseeummmdnm _ |

| udes fi rﬁi&ﬁﬁg ﬁecond ends, said first end being coupled to the rotar;
an operati ris attached ‘to the second end of the shaft; c. the_

ular end gf.the statgrs fiototUinEhuding' iﬁﬁﬁr%wﬂ%%d&hw?&m at least one
Ss- sectlonal sha e; and ‘a tubul ar menber havi hg sai d predefine

ss-sectQ sod ahowt theaxis fqrpmdummephpahm»ﬁ/magmqmlmnthcound
t ubul ar n of the stator. said tub sal t uyl ar end of

t at or, gﬁyrsg ?Mmm T‘E%:Erm &3 5 al path |
“i nhi bl tmdhﬁ@miéﬁﬁo@ib&ﬁrth@maﬂ‘h% c?l _
thelirotor. 16. A st.epper not.or as In cI 1 c aractel’lze

a. thecwmleﬁtothﬂmw§ Maemmp&mweffmmmmmofnhemﬁ,
4l ar end Of . ) o¢@ﬂas a ‘predefined non-circular shape; c. the.shaft
i s di sposed 4 i’? iged and includesalong its length: (1) -a threaded

portion a5 the g e shaftCextéhids faxiatly ut BF ¥n VPERAS In tGbULEY ERFSFIHR Sddhd
includes first and second ends, said first end bemg coupled to the rotor;
b. anoperatwememberxsauachedmtheseeondendoftheshaft
A thetubularend ofthestatorhasanouter surfaeeofpredeﬁned cross-secuonal
| shape and
20 d.a tubular member havxng saxd predeﬁned cross-sechonal shape extends ax:ally
* - from theoperauve memberandaroundthembularporuon ofthe stator, said tubular

member, said tubular ead of the stator, and said opemng in the tubular end deﬁmng a
labynnthal path that mhibxts the passage of eontammants from outslde of the motor into -
%5 16. A stepper motor as in claun 15, characterized in that
' a.theromrmcludeeathreededpomon, ,
b. the opening in the tubular end of the stator has a predeﬁned non-eucular shape,
| | c. the shaft is dxsposed along the aJus and mcludes along its length: '
_ ‘, _ M) a threaded portion at the ﬁrst end Wthh rotatably engages the threeded pomon '
.1 30 oftherotor'and - . )
" (2) an anti-rotation poruon extendmg through the openmg in n the tubular end of the o
stator and having a eross-secnonal shape eorreepondmg to said predefined non-circular
shape, said anti-rotation portion being dimensioned to prohibit rotation of the shaft but




- of Ithe rotor; ~and (2) -an a on ext .ct‘fhe - '
St T R I o
¢orr espondi ng m&ldmedef*l néd hon®citcul arlshap tatlp%‘lu 1992
“portion being di nmensi oned to prohibit rotation of the shaft but” .

permt |inear wopermitilinehr inoverniiftidf thé sKaft) g’ t@iekﬂibn W 'said
onprising axia .

rotor and-said shafi, including respectlve stops _
.ext endi ng sur f acedaighrater mb@ngmemeb alallqexﬁendmg

-predet er.ni ned haf n revent 'rot ary rmverrent of
the:rotor, theriieiigyﬁhp'revgﬁﬂﬁﬁéﬁéﬁ WH{R&E&?& pxial position of

"A stlepper ' ot otheashafnamd 0 prevént wbﬁi;enﬁ)%ﬁxeﬁ mﬁkéliygﬁﬁé’aﬁﬂ
“movdnent of the shaft ipto the stator toalocatlon revan axiap en
ubul ar’ mhi’ﬁgles‘haﬁsurface of the stator.. A stepper

Sos ?m}x. ATy oxt ehaemet ploe o e, B o ﬂi%%%%&&ﬁ&%%m
b operat v "‘ne”“nbﬁ‘r’“é’%ﬁ’g??é‘é‘?r‘%“ﬁt“*. SRR VA el e el

d ar ound member contacts @ surface of theastator.nd around an outer and inner
surffpce of t he nd -portio f the tubular,ne A st epper
‘noto§ as in cl a?m 18 vvhel’g #’5 %ﬂg&? predefl ned

shapg, and 10here ahthecfirdt & 6f the ﬁxgﬁd&l % vent
shri gkage of the rml din as It cosglifsttcgf er 1t 1s }Q%doffnp

st not or as wan gientber includes armetallict enid portio disposedeattéide of the

su ntially %}_éﬁ to said predefined shape of the operative nenber.

21. Pp motor-as in claim18 or 19 where the end portlon of -

the dhorat ve monpene e mz*maaws%fmw "VhiEh i p0iceq
E nd port | Gifouad thesfirsy eadiof thershaftrapdatrotrd an dates and fner surface ofpthéwper
@ spobed” S, efioR pRMBE wblsE Mehefrg 1701 (el £y o mmgneti ¢ ol s i nthe
“statof, a perrgment- mgnﬂwrm&aywm mqﬁ%ﬁﬂtﬂom&gmwﬁsm&aedm
_ apredeﬁnedshape,andwheretheendpomon of the tubular member is shaped to
preventshnnkageofthemoldmgasntcoolsaﬂeruxsmolded .
o 20. ' Asteppermotorasmclaxmwwhereﬂxeshapeoftbetubularmember
_20 subslantlally conforms to said predeﬁned shape of the operauve member.
4 21. ' AsheppermotorasmclmmlSOtwwhetethemdpomonofthe

B | tubularmembenncludeuplurahty of punched portions forming tabs, the operative |
_ member bemg molded around said tabs and thmugh openings in the end portion formed.
S Asﬁeppermotormcludmgastatorhavmgacentral axlsandatleastone -
| ' wmdingdxsposed about the axis for producing a plurality of magnetic poles in the
stator, apennanemmagnetrotorhavmgaplurahtyofmagneuepoleeandbemg
. -mounted for rotation about the axls, and a housing disposed around the stator,
- _charactenzed in that said motor mcludes mountmg means compnsmg o
30 a. a cylindrical end pomon of the housmg havmg a central axis, said end pomon
including, in sequence _ .
(1) a first circumferential reglon mcludmg first means for pressmg agamst a rigid
| sur&eeofmobjeetbwlndnhe motor:stobemounﬁed

AR ¢ i sbunst R et A o




- rr%nt ed for rotation abo housiThi Sbke mmmmd the
st:ator char acteri zed in w r ﬂl’ancl udesg gﬁi m
¢aenpri si ng: ndrrea ¢ end po of, .t he h a ce
~axis, said n i ncluding, in sequeljrée fl rs Clf umc éa

regi on including first ans for essi. ng a ai nst a rigid surface of an
“okj ect to whi ct‘%ﬂmfge g Secopd megns; projecting from an

U e et e SRR LGAP WW?}@%@MM@%&%M

~friomthe cerdentral anis;s; (3) athird circunferential region having a :
Fdet er mi ned éter di,apeter; and b a mount i ng flange rot at abl y attached

the cylindri a#m%ﬂfm

Irge?egl o(rjt1 Pomrhﬁqﬂﬁﬂg% T egi gn san a‘%@fﬁ'@#@%‘f i fr 3‘?8 EGi ng |

§ d second hawingsa eisculam mawammwmmm inl ange
axially fgrced iovvard t he flrst regi on A stepper notor as

cl ai m 22 dipraster Mmaﬁldmcu e surfase s |n. )

o 2o GRAER e o man%ﬁﬁﬁﬁhﬁﬂggﬁ@fmm%iwmﬁgﬁ” 8"

plyrality o gWuowd ﬂaermpegﬁme regions of the cylindrical end
poftion %tgg ousi ng. .25 . A step Eer notor as-in claim?22, 23 or
24} wher e rount i ng 4\IWMM€F&§|§M & Svhese, thersegond | means,camprises a

3 Xig”?hZPPPJr% % indkieificHs 8, Py Ricte), bR o Ygihe nifne, ", i 1Y

cing the2devel | ed samq:permﬂsumenmwmwxndhewe -

gai nst rotation. er rmtor as in claim?22 where the

_cerat ral axi megns & Q‘W‘P‘Fﬁﬁﬂ BM Memgionmithneeulmmwu s
~of ‘the Stat%dpomonofﬂ)ehousmg : .
' 15 25, .' Asteppermomrasmclmmn 230:24wherethemounungﬂange o

-mcludes at last one mountmg hole for recemng a bolt for attaching the motor to the

objectandforamaﬂyfomngﬂteﬁrstmeansagamstﬂxengldsurfaoewhﬂealsomally

forcmgthebevelledsurfaceagmstthesecondmanstolocktheﬂangeagmnstrotauon _

. 26. ' Asteppermotorasmclmmnwhereﬂlecenu'alamofthecyhndncal _
20 endpomoncomcndeathhmecenualamofthestator
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