| NJECTI ON MOLDED MOTOR ASSEMBLY AND ' METHOD OF

FABRI CATI ON The present invention relates.to electric
ot oTS; and nmore particularly to a fabrication nmethod and rel ated
assenbly of potted electrical nntons-~w1mv—m~~-{}seu33|on of the Rel ated
Art 10 United States Patents 419226049 BvaNghal | e%dﬂu nd
5,008, 572WQ%MP¥nhal |l et al., both asmgn@b%hﬁ an assi gnee 0 7#
pr-esent i nvention and hereby |ncorporated by reference, describe an
el ectrical nmotor and fabrication nmethod {or achieving precise bearing
15 registration of an internally disposed rotor assenbly. As descri bed
nore fully in the aforenmentiineeTIOR SROLOED , MOTOR SRSSEMBLY | AND 11Dt OF
conprising stator and rotor: - asKBTHOD coF i BABRDCATIONd by utilizing a
potting conpound .  .to both unitize the stator assenbly and provide
i nproved 20 thermal characteristics. "United States Patent

4,015,154 to TanBagkground of the<IR¥EBEiSDnet hod f or maki ng a nol ded not or
having a first |lagiaggederene Akgte and a second | aminated ring
' The present invention relates to electric motors,
and more particularly to a fabrication method and
5 related assembly of potted electrical motors.
. . . _ .

. United States Patents 4,922,604 to Marshall et al.
and 5,008,572 to Marshall et al., both assigned to an
assignee of the present invention and hereby

10 incorporated by reference, describe an electrical motor
" and fabrication method for achieving precise bearing
registration of an internally disposed rotor assembly.
As described more fully in the aforementioned
references, an electrical motor comprising stator and
1s rotor assemblies is fabricated by utilizing a potting
" compound to both unitize the stator assembly and provide
improved thermal characteristics.
More particularly, the stator assembly is formed
from a stack of stator laminations having inwardly
20 projecting poles that define the walls of an unfinished
internal chamber for housing a rotor assembly. Through-
bolts attach front and rear aluminum end caps to the
lamination stack, and this entire stator assembly is
potted to unitize the lamination stack and £ill voids
25 between the stator poles with potting compound. The
jinternal chamber is then finished by machining a
ccntinuots, cyiindrical bore substantially coincident
with the sidewalls defined by the inwardly projecting
stator poles. Precision registration of the rotor
30 assembly is achieved by aligning end bearings on the
rotor shaft with jnternal receiving surfaces machined in
the stator end caps; the recexv;ng surfaces being part
of the cyl;ndrxcal bore.
'While the motor and fabrication method described in
35 the '604 and '572 references achieve substantial



plate mol ded into a notor body with a resin conposition 25 conposed of a
m xture of thernosetting resin and N thernnplastlc resin. It is noted

that a nol ded body -of thernDpIastlc resin arbne is apt to be deforned
due to the | ack of its heat re and—hemce such a resin i s not
suited as a mol di ng naterlal for a ﬁbhoﬁfé#‘fﬁ@d%ﬁ@'wer. 30 Pat ent
Abstracts OVOIEBWAS vol. 8, no. 225 (E-F72AVED and| IP- A- SRCHIEEER4T23
describes a | ead wire draw ng net hod For & ol ded notor to prevent a

nol ding material from | eaki ng externally ggon1a nol ding die. A sheath
S depl oyed around the wire and interposed between the 35 opposite

peri pheral edges qf vtahﬁ: th Sat o],m@g,t v 5,
no. 167 (E-79), an é%&%% eSana_es r| es a metho&ﬁ;f or re ucﬁ %ret he
anount of resin n&&ddd ﬁ#%ﬁﬂl & {pricous feafunes Qf 5h& ng
pins in holes aromdmﬂmamq)mgmm démctm':hamectm ate&4 @nce.'shee fi xing
pins are made of 3 JdMBrdAUdAStd er é&{y_zi/ dd IS rﬁﬁiéﬁéﬁ@erature whi ch

is lower than the tenperature 0 re5|n The fixin ins fuse
the opposed énhds of t h@MbtaFe %lts‘?‘l‘%ht tthehe need
to apply nDIdlng petitri reh tﬁ!estatnrﬁaasnmhixﬁ tSnBctiindlly, it has

been determined empirically that a double cure cycle is
desired for the potting compound; the second cure cycle
improves the rigidity of the stator assembly, thereby

10 yielding more efficient operation over the life of the
motor. When ohly a single cure cycle is employed it has
been found that, after a peribd of use, the rotor
assembly occasionally locks within the stator assembly,
thereby limiting the useful life of the motor. Adding a

15 second cure cycle, however, undesirably increases ’
manufacturing costs.

A related aspect sought to be improved is the
removal of air pockets formed within the potting
compound. As discussed in the '572 and '604 references,

20 air is a poor thermal conductor. Filling the otherwise
open space between the stator poles with potting
compound, improves thermal conductivity and,
accordingly, improves dissipation of the heat developed
within the motor. The process used in potting the

25 stator assembly, however, is known to leave an air
pocket under the rear end cap. This impedes the flow of
heat from the rear end cap. Therefore, further
improvements in the thermal characteristics of the motor
assembly are sought by eliminating the air pocket.

30 Another area sought to be further imbroved relates
to providing external electrical connections to the
stator windings within the motor assembly. As described
in the '572 and '604 references, an insulator having
connectors is seated against the rear end of the stator

35 lamination stack. The terminating ends of the stator
windings are brought out to the connectors, and a
printed circuit board is configured to plug into

1s Sheet Has Been Reﬂlaced
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In short, inprovenents are Sought which will nore efficiently address

t he aspects descri bed above, while mai_ntaining the benefits and————
—advant ages 1 n the notor assenbly and met hod as described in the '572
and '604 5 references. m-9P mE ¢ | nvention - I n view of
the foregoingd, i%és a 5|Ii'n=ar' cal m‘@fBEEN the present invenpepiisseosdsto! ify
and, thereﬁ{'},9 R eve a ACEBst nojor assenbly and fabrication

‘met hod, than 10 that presently KNnown. 3 Anot her obj ect of the
present invention is to provide an electrical notor assenbly having

i npr oved t her rePNRERERXES i 88FaR1lishing electricpl Conkinyity tbetwesn
obj ect of the pregip@tstdtor eithd Dilgs Cand | coNdicCtive tridds dri G PE{NeSd

the potted w”&f“éﬁ?t and tQSbQF&aéoﬁﬁeé€§%fﬂ&%&ﬂ&”@éﬂ&ké%%be pins
electrically connected to the conductive traces on the
5 .printed circuit, is provided in conjunction with-the
printed circuit board to accommodate remote access to
the stator windings by way of a complementary external
~connector. In this way, external signals are readily
connected to the stator windings for controlling the
10 motor operation. |
- This second connector is nested within the rear
stator end cap. As previously described, both end: caps
-are attached to the lamination stack by means of several
through bolts, before the potting compound is applied.
15 To prevent any“potting'compound from leaking between the
rear end cap and the second cdnnector,'a sealing means
is provided around the second connector. Although the
aforementioned structure provides an effective means for
connecting external motor drive signals to the stator
20 windings, a simpler and therefore more cost-ettective
solution is desired.

In short, improvements are sought which will more
efficiently address the aspects described above, while
maintaining the benefits and advantages in the motor

- 25 assembly and method as described in the '572 and '604
' references.
' In view of the foregoing, it is a primary aim of
the present invention to 51mp11fy and, thereby, achieve
30 a lower cost motor assembly and fabrication method, than
that presently known.

Another object of the present invention is to
prov1de an electrical motor assembly hav1ng improved
thermal characteristics. , ”

35 . " In more detail, it is an object of the present -
invention to eliminate the small air gap between the
potted wihdings'and the metal of the aluminum end cap.
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4 In even greater detail, an object of the present I nventi on

is to provide high dielectric paths of good——- t hermal conductivity =
bet ween the el ectrical conductor and pole structure and the exterior

of the notor, in 5 order to increase the capacity of the nmotor to

di ssi pat e wg ss/3198€at . Anot her object of the pregemtuspenser i on i s

to provide an electrical motor fabrication nethod that

sinmplifies the nmethod previously known and ysed by 10 elimnating the

cost and tinme denmanded by a second potting conpound cure cycle, while;

mai nt ai ni ng the In everntgneatem|dataidgr iany oifjedte dff rthle prtememtssenbl y.
Still another objpfdntfor Nes HE L BvidY PR dtric paowsowfd

Pl A e i Roewaii o

ext ernal connectand pole structmlamd)rtdie ehitentior S Sinea gextaand et her

novel = sf eatdﬁ&% Qo tiifer B O cligdcity T thid Wbt RY laigdipate
the description t ék?folloms and in part wll beconme 20 apparent to
those skilled i art upon exam nation of -~ ‘the follow ng or may be

| earned with the pradnathesf glject of the present invention is to
provide an electrical'notor-:abricatien_method that

simplifies the method previously known and used by

10 eliminating the cost and time demanded by a second

potting compound cure cycle, while maintaining the

structural integrity of the final motor assembly.

Still_another object of the present invention is to

'provide an.eleetrieal motor assembly having a simplified
15 and thus improved electrical eennection-betweenlthe '
internal stator windings and an external connector.

Additional objects, advantages and other novel
features of the invention will be set forth in part in
the description that follows and in part will become

20 apparent to those skilled in the art upon examination of
the following or may be learned with the practice of the
invention. The'ebjects and advantages of the invention
may be realized and obtained by means of the
instrumentalities and combinations particularly pointed

25 out in the appended claims.

To achieve the foregoing and other objects, one
aspect of the present invention is directed to a method
of producing an electrical motor, wherein an
intermediate or unfinished stator'assembly is formed by

30 cenpiling a stack of stator laninations and stator
windings. The intermediate stator ‘assembly is then
placed into a mold, and molten plastic is injected under
pressure into the mold, whereby the molten plastic is
forced into and fills interior v01ds between poles of

35 the intermediate stator assembly The molten plastic
also forms a rear end cap for the stator assembly. The

" plastic used in this invention may be any



I nvention. The objects and advantages of the invention may be

real i zed and obtai ned by neans of the instrunmentalities and
—combiTarions partrcularly pointed 25 out in the appended cl ai ns.

To achi eve the foregoing and ot her objects, one aspect of the present
I nvention is dlrected to a met hod of producing an ele h%

wher ei n anWO9%6/31936,t oy nedi ate or unfini shed stator assenbly 1's Torne by 30
conmpiling a stack of stator |am nations and stator wi ndi ngs. The

i nternmedi ate stator assenbly is then pl &ced into a nold, and nolten

pl-astic is inject %Mlasticaﬁf?ﬂi&éé‘iﬂé hee <1 d,om%s tde ﬁ{érg
plastic is %r%%;jslnt andsf erJor l\é&dizncbletg\e Ies 0
thelntermadlate &K IKF A AN PR e
rear end cap for1!!3%%&!%nrqgnnﬂﬁnssaTh&inforceq#nﬁau(nqknnhdrpiguents,
i nvention may be @illers, plaéﬂié%ié?éxﬂheat or light stabilizers. Next,
PCT/U896/047%§ a continuous bore is machined through the center of the
ndided stator assembly to produce a concentric bore for
houéing a rotor assembly; the bore also providing
mounting surfaces for receiving rotor assembly bearings.
Finally, the rotor assembly is mounted into the stator
10 assembly by inse:ting'the rotor assembly into the
' continuous bore and engaging the rotor bearings with the
mounting surfaces.
A related aspect of the present invention is
directed to the injection molded electrical motor
15 assembly, which includes a rotor assembly having a
 central rotor portion on a rotor shaft, and a rotor
hearing disposed near each end of the rotor shaft. A
unitary stator assembly includes a stator lamination
stack which forms stator poles that carry stator
20 windings, and front and rear end caps. The stator poles
and windings are substantially encapsulated by an '
injection molded plastic mass, which fills the space
betwéen:the stator poles. The molded plastic also
iﬁtégrally forms the rear end cap. A continuous bore
25 fqrmed in the stator assembly through the front end cap,
the stator lamination stack, and the rear end cap, forms
mounting surfaces in the end caps for receiving the
rotor bearings; the rotor assembly being carried within
the bore by an engagement between the rotor bearings and
30  the mounting surfaces in the end caps. |
' Having summarized the present invention above, the
discussion will now be directed to a preferred _
‘embodiment of the invention. As an intermediate step of

, the fabrication process of a preferred embodiment, a

35 - matrix of conductive pins is fusion welded to the stator
windings. The rear end cap is formed by the injection
molded molten plastic to surround the matrix of pins and



t hernopl astically processible resin, or blends of such resins. The

resin may optionally include additives such as flanme retardants,

rei nforcenents, col ered—p+gients, fiHers, plasticizers, reat or ——
i ght stabilizers. Next, 5 a continuous bore is machi ned t hr ough the
center of the nDIded stator assenbly to produce a concentric bore

for Womssi93g a rotor assenbly; the bore al so provi di RGTUSIEN4723

npunting surfaces for receiving rotor assenbly bearings. Finally,

t he rotor assenbly IS nDunted into the staI%r 10 assenbly by inserting
the rotor asse ¥mlnt nuous hore and engaging the rotor -
bearings with th8& c°“ﬂﬁﬁﬁ?Fnﬂ°§ﬁf?3c%§°ut the conductivepinsd aIpect of

the present invthisoways the motdrrasseunbly providésa iconnedtded tgaect rical .
notor 15 aSﬁn?Laa;w' saa?asaUéﬁ aléeepicﬂs%dmle)eél%w 3 An

central rotor por% 8 % aP bearlng di sposed
near each end of¥ ﬁﬁn? t8F ERAPEe gource °{nﬁ?%ﬁﬂp¥ikﬂﬂ) hes JOkOry i ncl udes
a stator |8m naTheninjectiontmekdedi ehdfcaprsistant exterision bt therry stator

20 windings, fAfeétobh BOTAE&hasE Uil %ERe stitDrS! A i ?{e%“ and
wi ndi ngs are supsta ap Y €052 ul at ed QX a |njec nﬁF&gd
pl astic mass, wWhi'cH ##?#g tneor gggous pa htéhﬂmﬂ%?% tion ©f berss. The
nol ded plastlc QQBQrated in|nhegwbndgnqsxns the rear end cap A conti nuous
bore 25 form ~ Dy the front ‘'end cap,

[ car forms -mount i ng

gnffZEggoi%lﬁﬂéngnh ﬁéﬁs‘?ﬁﬁ‘?@%ﬁ 9$rEF awings inéar #EAtSa4NNgva t he rot or
assenbly being terming aipdrt of thetspedificdtionm dngagerate keveean the
rotor bearings iﬁﬁbcts of the present invention, and together with the
description serve to explain’ the princzples of the
invention. 1In the drawings: '
15 - Figure 1 is a perspective view illustfating a
completely assembled motor constructed in accordance
with one embodiment of the’ present invention,
FIG. 2 is a partially exploded view showinq a motor
:accord1ng to the invention with the rotor assembly
20 removed from the stator assembly;
.FIG. 3 is a process flow chart 111ustrat1nq the
steps of constructing a motor in accordance with the
preferred embodiment of the present 1nventxon.'
FIG. 4 is an elevational view ilthtrating a
25 partially assembled rotor. lncludxng a part1a1 cut-away
view; ' '

FIG. 5 is an elevational view: illustratinq a rotor
assembly with bearings and bushing in place and ready
for insertion into a stator assembly;

30 FIG. 6 is an elevational view of an'individual
stator lamination,-Lllustratxng ‘the anardly directed
stator poles and pole teeth; '

FIG. 7 is a perspective view showing an assembled
stator lamination stack made up of individual

35 laminations as illustrated in FIG. 6;

RPPPTI. s m—————. .
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30 the nounting surfaces in the end caps. Havi ng summari zed

the present invention above, the di scussion will now be directed to a
preferred enbodi ment of the invention. As an internediate step of

the fabrication process of a preferred enmbodinent, a 35 mat ri x of

conducti ve ‘p'ggg o3¢ f Usion wel ded to the stator Wi ndi NGy ,‘E}g r end
cap is forne y t %e I nj ection nol ded nolten plastic to'su t he

matri x of pins and WO 96/31936

PCT/ US96/ 04723 7 6 form a connect or

housi ng about the con t|ve pin this way, the notor assenbly
provi des a connect or % is g ?etrégﬁclt}"&dé(ﬁé’d"%l’m@l fEontc and of
connection to anthe sta&n&ednuxnutuuuﬂHMactoumb@Iﬁor7caﬂthouh5ﬁ1dﬁﬁtémnor.

5 The |nject|ogngth§¢°§nq ﬂd§ qg ?ﬁ @esion of the ~ ~ injection
nol ded nmass in the stator, an efficient continuous

path for dissipation ELGhe t P&P@d“‘ﬁ"tﬁ? wilddstyated by
5 arrows in FIG. 6, illustrgting a wound stator assembly

within the caps and connector in place;
PIG. 10 is a'perspective view of the rear end of
'_ the unfinished stator assembly, showing the insulators,
stator windings, and matrix of connector pins. in place;
10 . FIG. 11 is a partial view illustrating the matrix
of connector pins as disposed in relation to the stator
lamination stack; |
FIG. 12 is a partial view illustrating the
partially completed stator assembly of FIG..S after
18 injection molding;
FIG. 13 is a view similar to FIG. 12 illustrating
the Lnjection molded assembly after it has been machined
and is thus ready for insertion of the rotor assembly;
. FIG. 14 is a side elevational view showing a mold
20 fixture used in fabricating the motor assembly of the
present invention;
"FIG. 15 is a perspective view uith a partial cut-
away of the mold fixture shown in FIG. 14;
FIG. 16 is a partly broken away side view, and
25  FIG. 17 is an axial section taken along the line 17-17
.of FIG. 16, respectively, showing an alternative
construction of motor adapted for practice of the
present invention; : :
_ FIG. 18 is an elevational view of a rotor assembly
30 for the motor of FIGS. 16 and 17; and
FIGS. 19 and 20 are an elevational cross section
~and an axial cross section taken along the line 20-~20 at
FIG. 19, respectively, showing a permanent magnet motor
~ adapted for practice of the present invention.
35 Reference will now be made in detail to various
presently preferred embodiments of the invention,

1 | ' Y
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Bri ef Description of the Draw ngs 10 The acconpanyi ng draw ngs

I ncorporated in and formng a part of the specification, illustrate
sever al aspects of the present invention, and together with the
description serve to explain the principles of the i nvention. 1In the
drawi ngs: 15 Figure 1 is a perspective view illustrating a
conpletelyvﬂ%gﬁﬂﬁﬁbd not or constructed i n accordance PETrissangT2s

enmbodi ment of the present invention; FIG 2 is a partially

expl oded vi ew showi ng a not or ' according to the invention with the
rotor assenbly 20 removed fromthe stator assenbly; FIG 3is -

a process flow cemampiebustrwhicl aba illustfices oh EﬂésiéHﬁﬁ%QQY gntor
i n accordance W f ~preferred enbodi nent of the preseht ntion;

FIG 4 is an eleva?lgﬁg? V|em1|llustrat|ng a 25 partlally assenbl ed
rotor, includ ngRekRs i o Prefe

el evati onal V|em/|Ilugﬁfﬂih@gnawrggbfhe draw 7 nb*ycmﬁih? L gﬁb?nd 20
or asse Y,

Pla 6% o ol cRAPFBREFEYe viey aﬂ"?nﬁser%%gé‘e%‘éﬁenmwt Sstepoiam,
illustrating themphwar dand (F¥Get 2da partlytexplodexd ceiewdsipowtng catid);
FIG 7 is a perspetétVvendi Pot6H Oret8iAing Se ek nls removédafdi’ '%ﬂat'on
stack mde ub Of e 0gb! Shihmiy. EETWIEL EHonie & IS a
- however, that while" the invention will be described in
10 connection with a hybrid stepping motor, it is also
applicable to other motor types. For exanple, the
invention is applioable to brushless variable reluotance

- stepping motors, permanent nagnet brushless motor
designs, switched reluctance motors, enhanoed variable

15 reluctance motors, as well as enhanced and unenhanced
stepping motors of the hybrid stepping type. Finally,

- induction motors could also utilize the present
invention as could Sther motor types as will be apparent
to those skilled in the art upon reading the following

20 detailed description.
Referring to FIGS. 1 and 2, there is”shown a hybrid
stepping motor generally designated by reference numeral
20 comprised of a stator assembly 21 and a rotor
_ assembly 22. The rotor assembly is fitted with bearings
25 23, 24 whioh in turn mount in end oaps 25, 26 that
support the rotor ‘assembly 22 for ‘rotation in the stator

-assembly 21. The end caps 25, 26, sandwich” a central

stator lamination stack 27 that forms stator poles which
_ . carry stator windings (not shown in FIGS. 1 and 2). In
30 the presently preferred embodiment, the stator
' laminations are aligned in registry and initially
secured by weld joints 70 (See FIG. 7) alang the corners
of the lamination stack. 2s will be described in
greater detail below, the lamination stack is further
35 secured by means of a high-strength injection molded
plastic which completely encapsulates the interior of
the lamination stack and preferably projects partly into




WO 96/ 31936 ' ~ PCT/ US96/ 04723

7 FIG 8 is a perspective vi V|eM/QL_Lhe_Lront end of —+the—
Stator Tamnation stack of FIG 7 with insulators and stator w ndi ngs
in place; IIFIG. 9 is the cut-away view as illustrated by 5
arrows in FlG ustrating a wound stator assenbl e
caps and c&ﬁﬂgg?g?sln pl ace; FIG 10 is a %erspectlvéﬂepg%?o

the rear end of t he unfinished stator assenbly, show ng the

i nsul at ors, stator w ndings, and matri»® of connector pins in place;
10 - FIG 11 is a partial viewillustrating the matrix

connector pins as GeEAk Bore dhiakiey d‘“ﬂ-fil%'iat othe bore I%Qnﬁ'ﬁ;lt?)lﬁf‘

st ack; n&&ganééiag By (181 118g uoeMormlhearingrsprfsnes 31, 32

part 11 corel g gighar G i hnd e 75! g v i flkm o

nol di ng;
the injection mlMﬁS%y3%f¥%¥°¢§h hehke bb@h’-%%ﬁ‘he%“ck 27,
5 contiguous with the bearing surfaces 31, 32.

In the illustrated embodiment of FIG. 2, retaining
rings 36 secure the rotor assembly 22 in the stator
assembly 21. In another emhodiment, the rotor assembly
22 is retained in the stator assembly by a press-fit

10 engagement between bearings 23, 24 and recezvxng
surfaces 31, 32. The front end cap 26 has a flange 37

'which in turn has a machined surface 38 with a mounting
boss 39 to locate the motor in a mounting bracket.

_ Mounting holes 40 provide means for mounting the motor

1s to its bracket (not shown) The rear end cap 25
includes an integral electrical connector 41 for
supplying power to the stator windings.

As shown in FIG. 2, the rotor assembly 22 includes
a rotor shaft 50 which supports a rotor section 51,

20 (i.e., the portion:ot the rotor which is magnetically
active) and outboard bearings 23, 24. In the
111ustrated emhodiment, the rotor comprises toothed
‘lamination sections 52, 53 separated by a permanent
magnet 54. The magnet is positioned to provide the

25 -lamination sections 52, 53 with opposite magnetic .
polarities making, for example, lamination section 52 a
north pole and lamination section 53 a south pole. 1In
one embodiment, the laminations are formed with external
teeth, of the same pitch as the teeth associated with

30 the stator poles of the stator assembly. other ratios
of stator/rotor pitch can also be used such as 52/50 or
48/50. As is known in the art, the teeth of section 53
are offset by about one half pitch with respect to the
teeth ‘of the section 52 in order to form a hybrid _

35 permanent magnet rotor. Thus, when the stator windings

"are energized by a drive current coupled through the
pins of connector 41, the rotating magnetic field which



and is thus ready for insertion of the rotor assenbly; FIG 14

Is a side elevational view showing a nold 20 fixture used in fabricating
the notor assenbly of the—- present iavertton; FI-&- 15 is a—a&a™
perspective viewwth a partial cut- away of the nold fixture shown

in FIG 14; FIG 16 is a partly broken away side view, and 25

FIG 17 i swawesmdel section taken along the line 17-17 PCT/OS9%6/04723 16,
respectively, showing an alternative construction of notor adapted

for practice of the present invention; FIG 18 is an

el evati onal ViEM/Of a rotor assenbly 30 2Qor the motor of FIGS. 16 and

17; and 20 are ‘a elev tional crgss_section

and an axi al critﬁs"rs‘é’d'f‘?  ARRRPT l"Idis %"23"5593?‘“2“’ al:i@ 19,

respectively, smmmtepthrn#rnatnn Jexgimaxt ot sections &@apsa¢ withpthetice
of the present #fuRitd®NheBtator tedtd ermmgl h:haowoésrneaeswpdfﬁa' |
to various sé)qri?esxscnet.l y é)oneér?orf ec% %:q;% ro'teaitiona,; E I nvent% ection
WO 96/ 31936 8oBngq9snecti
s of the stator field thus allows control of the rate and
direction of rotor rotation._.

Turning now to FIG. 3, there is illustrated the
process for fabricating a motor in accordance with the
present invention. Concentrating first on the rotor

10 assembly, it is seen that the primary rav materials
which go to make up the rotor are brought together at
process step 100, and include rotor shafts, rotor
laminations (or prestacks) and magnets. Those items are
assembled at a step 101 and the assembled rotor which

15 results is best_illustrated_in FIG. 4. ‘There is shown a
rotor shaft 50 haring"a pair'of lamination stacks 52, 53
disposed thereon, with a permanent magnet 54 interposed
between the lamination stacks forming a rotor section 51
intended to be driven by the rotating magnetic field

20 produced by the stator. In a hybrid permanent magnet
stepping motor, the rotor laminations 52 and 53 have
alternate teeth and valleys of a given pitch related to
(as described above) the pitch of the teeth on the
stator poles. Horeover, the teeth in the seetions 52

25 and 53 are ottset with respeet to each other by one-half

' pitch. The magnet 54 serves to magnetically polarize
the stacks ‘52, 53 with, for example, the stack 52 being
a north pole and the stack 53 being a south pole. _

" The shaft 50 has a pair of machined sections 60, 61
30 adapted to receive the inner race of bearings 23, 24
' "~ (FIG. S5) for support of the rotor within the stator
assembly. The shaft 50 can have its'output end keyed as
illustrated, unkeyed if desired, or with any other
adaptor configuration. The motor can also be configured
3s with an’ output shaft on the rear end to form a double-
' ended motor. Such oonstructional details form no part



8 exanmpl es of which are illustrated in the acconpanying

dr awi ngs.

Detail ed Description O The Preferred Enbodi nents

‘Turnrng now to the drawings, FIG 1 shows a 5 perspective view of a

hybri'd permanent magnet stepping notor, and FIG 2 a partly expl oded
vi ew show t9h 193
stator asse I??_ $t will be noted at the out set, however, that while

t he i nventi on w

rotor and rotor retaining elenents rqERdebdsadn t he

ent i |1 be described in 10 connection with a hybrid stepping
motor, it is also

applicabl e to other 1aotor types. For exanple, the

i nvention is applicable to brushless variable reluctance st eppi ng
motors, per manencf nelyecprésent| thvenbion and wilbspghsbe sopphasized| uct ance
not or's, enhancedh¥€5iﬂple 15 rel uctance notors, as.well as enhanced and
unenhanced "step

I nducti on nDtérs coul Ag Egnég;g?gieéEgh€¥€é€%fs£gpgkngﬁéégf?bnfg£BLL§Pd

ot her notor typeshesrotbtr bs thearpassed to aogrindingkstationnwhereart

upon reading t he
to FIGS. 1 and 2

stép

| 94 NP’ Barrofpd t80gHEAG" tRE! PBtor outer diaketerling
ere,is,s d ally

own a hybr t t
desi gnated by rePurB gEingipg,Fends x°2%’88ﬁﬁ?i§§ﬂ€8P5§g§£§t3$ng§S§%BPy 21
stacksnbly 82. whibh haverrelatiwelyi sharpt edrmers. bedni ngs

gﬁ?%?ﬂ:ﬂr ntﬂBUai'-ihta%gadsgtagfpgédugﬁst Rafotor whieRPest the

and a rotor
25 23, 24 whi
rotor assenbly 2

15

30

rofation’in

t
, substantially concentric and therefore can operate in a
10 carefully machined stator bore with a relatively small
air gap.

'Having thus configured the rotor magnetic section

51, and after machining debris is cleaned from the
rotor, a step 103 is then performed in which bearings
22, 23 are assembled onto the bearing support surfaces
60, 61 of the rotor. In the exemplary embodiment,
spacer bushings 62, 63 are interposed between the
bearings 23, 24 and the lamination stacks 52, 53
respectively. The bushings ride between the lamination
stack and the inner race of the bearings to form a
spacer element to properly locate the bearings on the
shaft. The bearings are press fit on the shaft,
preferably in an appropriate fixture, in the step 103.

. Referring to FIG. 5, there is shown the rotor

assembly including bearings 23, 24 and the spacing
bushings 62, 63, providing a rotor assembly which is
ready for insertion into a stator assembly. FIG. 5
illustrates, in somewhat exaggerated fashion, the fact
. that the outer diameter of the bearings 23, 24 is

slightly greater than the outer diameter of the rotor
section S1. It was previously noted that the stator
bore is a continuous straight through bore formed in a
single operation after assembly of the stator. Thus,

providing the bearings 23, 24 with a slightly greater

35

outer diameter than the rotor section 51 allows the
entire rotor assembly to be inserted into the bore, with
the outer race of the bearing 23, 24 seating in the



assenbly 21. The end caps 25, 26, sandwi ch a central st at or

| am nation stack 27 that forns stator poles which carry stator )

wi ndi ngs (not shown in-H&5—%+=and 2). In 30 the presently preferred —-
enbodi nent, the stator | am nations are aligned in registry and

initially . secured by weld joints 70 (See FIG 7) along the corners

of the | aWMewNOI$ stack. As will be described in gr ep¢ USRI

below, the |lam nation stack is further 35 secured by nmeans of a

hi gh-strength injection nol ded pl astj£ which conpletely encapsul ates

the interior of the | am nation stack and preferably projects partly

into Maa¥dmgl SWrfaces of the end caps while the rotor section
PCT/ US96/ 04723 a,central bore 30.

after nDIding.5%h§‘€b?éﬁ§§%%§%ﬁ¥§ﬁ alth?#&?hfnggrggsga;ﬁan&GaFSWHE'm
bearing surfacf®r3yotarion. [The: priegisjpn thexebynachigvedsallidwanthal so
to forma moteet td®es citifliuredh with harenatiivelyt 8ak137airdgap,
conti guoug Wi t Rylae BeR1dI%eS Wiljhe®S tdbqua’and efficient operation.
As illustrated in FIG. 3, the initial raw material
component for the stator aséeﬁblyfprchdure:is“
individual stator laminations which are assembled in a
step 105. An individual lamination 27a is illustrated
10 in FIG. 6. it is seen that each lamination, which can
be formed by stamping, has a series of poles 66a with a
‘Plurality of teeth 67a formed on each of the poles. Thé
poles 66a are separated by gaps 68a which provide an
.- area for receiving the stator windings. The laminations
is also have punched clearance holes -69a through which
alignment bolts can pass for initially registering the
stator assembly. - Preferably a clearance hole 69a is
associated with each pole 66a such that the stator
laminations are symmetrical and can be installed in any
20 of eight orientations. Thus, it is possible in assembly
to turn the stator laminations with respect to each
other such that the grain of the steel from which the
laninations are made is not in a single direction,
allowing the magnetic properties of the lamination stack
25 due to grain to be averaged. : : L
As illustrated in FIG. 7, the step 105 (FIG. 3) is
implemented by assembling a stack of laminations of a
predetermined height and affixing the laminations
together, in the illustrated embodiment by means of
30 welds 70. Alternatively, prestacks (i.e., groups of
laninations joined by stamped dimples formed during the
. laminations stamping operation) may be used. Using the
welding technique, preferably a stack of laminations is
placed under pressure, ‘and automatic machinery gauges
35 that the laminations stack is of the appropriate height
before the welds are made. If it is not. laminations are
either added or removed until the desired height is



In the illustrated enbodi ment of FIG 2, ret ai ni ng rings 36 secure

the rotor assenbly 22 in the stator assenbly 21. In another .
—enbodiment, the rotor assenbly 22 is retained in the stator assenbly

by ? presg fit 10 engagenment between bearings 23, 24 and receiving
surfaces 31, 32. ~The front end cap 26 has a flange 37 G turn
has a machlw&? @Wface 38 with a nounting boss 39 to Il(,)cate t he notor

in a nmounting bracket. Mounting hol es 40 provide neans for nounting
the notor 15 to its bracket (not shown). 13he rear end cap 25

includes an integral electrical connector 41 for supplying power to
the stator wi ndi ngtnined at Whi%mm gutamatic; welddnohegiuiphenty| y 22
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ol arities makl n
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a south pole. | n axially Hispdmnsti Mthtcﬂe dfard atedeternined pidichyi t It

ext er nal S At '

the stator poles g%r*he S%J%I‘ asse fmﬁ&;&;h%c;% .rkd’;‘ Iﬁﬁ?’ﬂ 'such
stator/rotor pi t@%#&l%%%%&%&ﬁ%s‘@ﬁ%% m°1d1“91é7°§?1° 8% s
known in tho art pddee tmsdgnitisecianindtion stack etofttestappropriatene

Pgl;}glhsgr?hth|ﬁg¥§¥xiﬂ(*ﬁémissenbl§e$§gbé§sthe section 52 in order to
After the lamination stack is assembled, and in the
optional case where an "enhanced"” motor is to be
_produced, in a step 105 elongate magnetic strips 85 are
15 inserted in each gap between stator teeth 67 (See FIG.
12). As will be described below, the magnets which are
inserted between stator teeth tend to enhance the
magnetic properties of certain classes of motor. The
n#gnetic-strips have sufficient frictional engagement
20 with and magnetic attraction for the gaps into which
they are inserted to temporarily maintain the strips in
place during subsequent manufacturing steps until they
are firmly secured in their gaps by means of injection
molded plastic material. '
25 . Following the magnet insertion step 105 if
' performed, or the simple welding of the lamination stack
105 for a non-enhanced motor, as shown in FIG. 3
subsequent operations are performed on the assembled
lamination stack to associate the stator electrical
30 components with the stack and to magnetize the stator
poles. In this regard, the stack is insulated, wound,
and the windings are terminated. In FIG. 3 the
insulation step is indicated at 106. Preferably,
discrete insulators are supplied along with the welded
35 stator lamination stack in order to provide appropriate
insulation between the stator windings and the
lamination stack. Turning briefly to FIG. 8, one end of




35 per manent magnet rotor. Thus, when the stator w ndings are
energi zed by a drive current coupled t hrough the pi ns of connecto
41, the rotating maghretie—H-eld—which S WO 96/ 31936 —
PCT/ US96/ 04723 10 " is produced
the stator tends to successively align the teeth of rotor |am nat
sections 5WO09%31936i t h t he field of the stator teeth, Pcmsmmmt he
nptor to step in sequence. Control of the rotational rate and
direction 5 of the stator field thus allgws control of the rate and
direction of rotor rotation. Turning nowto FIG 3, there is
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fage 72 of each pole 66§. Upstanding insulator sections
71' help retain the stator windings, and will interface
with the end cap when they are juxtaposed. Bolt '
protectors 71" insulate the fasteners 28 and prevent
contact batween the fasteners and the windings. A
mating end for the insulator is illustrated in FIG. 10
at 90. It is seen that the ingulator 90 is similar to
the insulator 71 in that it provides a ‘face 92 for .
insulating the end of the pole, channels 93 which
completely line the inter-pole slots, and upstanding
projections 90' for retaining the stator windings. FIG.
10 illustrates bolt protectors 90" on the rear facing
insulator section. Since the rear endICap 25 is formed
from molded plastic and bolts are not used to secure it
to the lamination stack 27, it should be appreciated
that the bolt protectors 90" are not necessary.

However, in a preferred embodiment they are maintained
so that insulator sections 71 and 90 ‘are 'interchangeable
and only one type needs to be stocked. Moreover, the
bolt protectors 90" provide an irregﬁlar face that
enhances the bond formed between the molded rear end cap
25 and the lamination stack 27.

‘Having thus insulated the pole structure, windings
schematically illustrated at 73 are applied (FIG. 12),
preferably automatically, to each of the poles in a step
107 (FIG. 3). The windings serve as means for
magnetizing the poles on which they are wound. It will
hé'appreciated that in the typical case, a winding of
significant dimension (more significant than illustrated
in the FIGS.) will build up in order ‘to get the
necessary turns on each pole. It is seen, however, that
the turns are insulated from the magnetic structure by
means of the insulator sections 71, 90. Having wound
the coils in step 107, the coil ends are then terminated
in step 108. 1In this step, conductive pins 94 are

r

in
i on

t he

are



process step 100, and include rotor shafts, rotor | am nati ons (or

prestacks) and magnets. Those itens are _____assenabled at a step—10l—ahnd—
The assenbl ed rotor which 15 results is best illustrated in FIG 4.

There is shown a rotor shaft 50 having a pair of |am nation stacks

52, 53 w?G'é,ﬁBsted thereon, with a pernanent magnet 54 i pEgResicaths
between the Tam nation stacks formng a rotor section 51 I ntended to

be driven by the rotating magnetic field 20 produced by the stator. In a
hybrid per manent magnet st eppi ng mot o3 the rotor |am nations 52 and

53 have al t ernat el h d | g t t

(as descri bed ab5££?nf§e£§i§gﬁggt°¥ﬁ%$?%£¥gﬂ%ﬁsé%%?¥|i% Qgtgﬁgsbggfeg
Moreover, the tehawing ahprejecting epdosa! and A ckerpinaking; end: R4T espect
to each other bygge-pesf 11). pitch. The magnet 54 serves to

52 being. " a nor (ARpERE inRushEStRq gords thich ek EEGHE forbhe Stack
The shaft 58 hasstrpatures ﬁuchiHéﬁhsacvinﬂénso;eEHhBOPinsagépFQG to
otor wi thin (nePEpetaed! capathindgingdone ool L boe s M ave Lo urpul
‘end keyed as sta |8§tFBFeH?“§ﬁR8§¥aai?igsgiséé,égrgaﬁ?ﬂigﬁg'g§g§§5p“t
adapt or confi gurwelded tdhtheoterminatingoend 86hfP§upecpins94, wPundan
output shaft on Lbsufaaa?dﬁildpbaewr PhandeuBien weldedectdetnavtaimindtshg
constructional detalls formno rt

10 end of another gin. It should be appreciated that a
larger matrix of conductive pins 94 may be desired if,
for example, the coils are bifilar wound, if a separate
_cdil is desired for each pole, or alternatively, if a
larger number of stator poles are provided.

15 ' Having thus configured the stator electrical
caﬁponents inclu&ing the magnetic stator lamination
stack and the associated electrical coﬂponents; a step
110 (FIG. 3) is performed to assemble the stator. 1In
the_p:e:erred.emhodinent, this step is performgd by

20 aiigningfand securing a front end cap 26 with the
lamination stack. Preferably, four self tapping screws
28 secure the end cap 26 to the lamination stack 27, in
a fashion sufficient to maintain alignment during motor

" fabrication, and subsequently during motor operation.
25 As will be described in more detail in connection with
| FiGS. 14 and 15, the mold fixture is adapted to maintain
prgcile.rcgistrntion1between the front end cap 26 and
the lamination stack 21. Preferably, the front end cap
. 26 is cast aluminum, and has pilot holes 80 that align
30 with anchor holes 69 of the lamination stack.
~ .8ince, in practicing the invention, the motor is to
be pressure filled with a molten plastic, the practice
of the invention further contemplates the sealing of the
stator elements to prevent leakage of the molten plastic
3s during the injection step. This sealing is accomplished
in the present invention during the injection molding
process. For example, as will be described below, a
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the present invention and will not be enphasized her ein. -
Havi ng assenbl ed the roter.--22-in step 101 (FIG 3), the rotor is then
passed to a grinding station where 5 step 102 is perfornmed to grind the
rotor outer dianeter. Such grinding tends to produce teeth in _the

| ani nat i Qfg eemie3et aCks 52, 53 which have rel atively shar pPEEPRWYSS)

addi tion, tﬁﬂsgrlndlng step produces a rotor which is substantial ly
concentric and therefore can operate |n a 16 careful ly machi ned stator

bore with a relatively snal| g& - Having thus
confi gured the ¥YOk&®riseifilized 9 |Q#P1 eakage appung tthe fxsmtniengt debri s
is cleaned frongdge and préﬁ\ﬁ‘e sp;s:ﬂmlw tive NETY (ALY g Rohd n whi ch

00, 61°0f the rHHIgEISH E LAY et MR EGH dNASIP Svag 0T o 6o,
63 are i nterposl-ﬁﬂm‘wé%!#’é% th in{ﬁ,‘éﬁ' iopBtep. 24 and the | anination
stacks 52,553 nesgmﬁn-dahqb with WImﬂﬁmpﬁqu}éﬂ]&J_m’nat i on
20 st ack andsd Oy dd" K s dellSy 0T rdd s fiUd 4 Aade" ¢ % molding

fixture (shown in FIGS. 14 and 15), is permanently

secured in position by injection nplding of the stator

‘assembly, following which concurrent machining of the

10 bearing surfaces in the end caps and the stator bore
provides a registered, fixed stator assembly ready to
receive its associated rotor assembly. 'The molding step
111 (FIG. 3) is better understood by reference to FIGS.
24 and 15 which illustrate the molding step, and FIG. 9

15 which shows the stator assembly after molding, and after
removal of the molded stator from the fixture of FIGS.
14 and 15. Also shown in theése figures is the matrix of
conductive pins 94 which terminate the stator windings
and brings them to the external connector a1.

20 : . Preferably, molding is accomplished with a central
mandrel inserted through the bore of the stator
providing a small clearance between the stator
laminations and the mandrel. As a result, a thin layer
of plastic 98 covers the stator pole teeth 67 and lines

25 the center bore that houses the rotor. The plastic
further surrounds the stator windings, and fills the
anchor holes 69. Indeed, during the molding step,
‘molten plastic is forced into and flows through the
anchor holes 69 and into aligned pilot holes 80,

30  provided in the front end cap. Once the assembly cools.
and the plastic has solidified, a plastic mass is
integrally formed within the pilot and anchor holes.
Preferably, the pilot holes 80 include'a chamfered
counterbore 80' that cooperates with the plastic'mass to

s securely hold the front end cap in: registry with the
stator lamination stack.



spacer elenent to properly locate the bearings on the - shaft. The
bearings are press fit on the shaft, - preferably in_a '
Tixture, 1n the step 103. Referring to FIG 5, there is shown
the rotor 25 assenbly including bearings 23, 24 and the spacing

bushi ngs 6 roviding a rotor assenbly which is r for
I nsertion ?‘Hpgéglggfat or assenbly. FIG 5 i1 lustrates, Ws&a@%t
exaggerated fashion, the fact ~ that the outer dianeter of the bearings

23, 24 is 30 slightly greater than the outldr dianmeter of the rotor
section 51. It was previously noted that th tat or '

€ bore is a
continuous straight thfbud® BEREeFpefplo; Reintorce tha,plaghic,fasheners,
assenbly of the swithrselfivtapping sprewsdRag t lin bomei embodimeRdsyi thea

DLl Y et dgyafibthedtSTEECk! e iEnk hlrEELLOin ing LELSOL
race of the beari®Bd24n thesend gapj Faphfornm plastigrrivetsowhich will
PCT/ US96/ 04783 secure the end cap in place, at l@ast for low loads. 1In
' other cases, where'opefating temperatures can be more
severe, or the loads driven by the motor higher, it is
preferred to use metal screws to enhance the attachment
between the end cap 26 and the stator. It will be
10 appreciated that it is the end cap 26 which is typically
used to mount the motor to the apparatus which it
drives. | _ '
' Thus, in the embodiment using screws for enhancing
the attachment of the front end cap to the stator
15 assembly, self-tapping screws 28, having a slightly
smaller diameter than the end cap holes 80, are self-
tappingly screwed into the anchor holes 69 to firmly
affix the end cap 26 to the stator housing.
Subsequently, during the injection molding step, molten
20 plastic flows through the anchor holes, and into the end
) cap, to surround_the exposed portions of the screws 28.
When the motor is then mounted in place by securing the
front énd cap 26 to the apparatus whxch'it_is intended
to drive, the affixation provided by the combination of
25 injection molding and self~tapping screws provides a
rigid assembly which maintains the integrity of the
motor, and resists relative movement between the
components of the stator, even in the presence of
significant temperature excursions encountered during
30 operation. The steel-to-steel contact between the
screws and the stator assembly also serves to eliminate
creep during temperature cycling of the motor.
As shown in FIG. 9, the rear end cap 25 is entirely
formed by the molded plastic in step 111 (FIG. 3). The
35 plastic of end cap 25 surrounds the conductive pins 94
‘and spacer 95, to support the pins 94 in a fixed
relation, and to form a connector body. Before step

poonan.




bearing surfaces of the end caps while the rotor section 51 has a
sufficient, although a very small, clearance for rotation. The
preci si on thereby ach+eved—atd-ows the —etor t-o—be configured with a
relatively small air gap, 5 t hus providing higher torque and efficient
oper ati on. As illustrated in FIG 3, the initial raw materia
conponent WwomeBivse st at or assenbly procedure is i ndi vpcitresosmiyRBOr

| am nati ons which are assenbled in a step 105. An i ndividual

| am nation 27a is illustrated 10 in FIG 6. it is seen that each

| am nati on, which can be fornmed by stl#nping, has a series of poles

ol s 66a are sdddvarld i She. BEbleRfRa SpPRdiREnEn the plag L0 ¢
recei ving the stsPasernididargs helde inaplagei Barely by nhea-romimmmd
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orientations. Tigulatior 90Pq¥IGR! 20h) ‘AELEBY YD Figidd or
| am nations wt h res %ct %'I%Rgiﬁ'gt ¥ ot heragtchetlﬂ%t ﬁ]e g*r1a|irﬁ)‘fgﬁe
m

steel from whick ions.are made is not in.a single
direction, al | O\ﬁtng'itlﬁeb#agnssdcapr Shéstpeintfthae fusiomtwaldiviack 25

due to grain to jke théeeiprere rred means oéseleoﬁﬁiééifF aﬁHFﬂééhiniéifﬁ tep
105 (FI G IS I d by a sta | am nat1ons of a
pr edet er nimed h@ﬂﬁﬂ?ﬁ%ﬁﬂa ﬁ& tﬁé ?3 ﬁtgg natfng ends of the

" coil wires. Not only is a secure mechanical and
electrical connection provided, but that connection can
be achieved without the need for stripping the
insulating varnish from the wires. The fusion velding

1s step is acconplished without stripping of the
insulation, and serves to burn through the insulation at
the fusion welded point in order to achieve the
aforementioned secure mechanical and electrical bond.
A connector housinq 41 is disposed about the
20  conductive pins 94, and is integrally formed as part of
~ the rear end cap 25. Beneficially, this connector 41
configures the motor for ready electrical connection to
a cable that is ultimately connected to a motor driver
for'controllinq the motor. It can be appreciated that,
25 " in this way, an external controller can ‘be conveniently
connected to the stator windings of the motor, and
thereby placed in direct control of the motor operation.
In a alternative embodiment, not shown in the
FIGS., a motor may be manufactured wherein both the
30 front and rear end caps 26, 25 are formed by high-

' strength injection molded plastic. It is preferred,
however and as illustrated, to retain an aluminum front
end cap, due primarily to the heat transfer
characteristics of aluminun.' More specifically, since

35 aluminum is a better thermal conductor than plastic,
maintaining an aluminum front end cap 26 provides better
thermal transfer, and therefor better heat dissipation,




together, in the illustrated enbodi nent by neans of 30 welds 70.

Al ternatively, prestacks (i.e., groups of | am nati ons | oi-hed—by—m—
stamped di npl es Torned during the | am nati ons stanpi ng operation) may
Fe yse?. Using the I mgldigg techni que, preferably a stack of

am nations is aced under pressure, and autonmatic NRSf
35 t hat WOPERIR; na!tol ons stack i g of the appropriate height W)"%Z:‘Jg?:
the welds are made. If it is not |lam nations are ei t her added or
renoved until the desired height is 19D 96/ 31936

PCT/ US96/ 04723 13 obt ai ned at which

poi nt automatic mxdingmequmrmtor.  Ipreiiis abegardpl heat (Qissipayiono at

corners of the i 0 h
As seen in FIG ’7’ ¥+1e asse ?ﬁ 3£ ERe A86€0 S 1£‘9&6\ﬁ€§e¢ir Gafhog er.

m natjon_stack 5 t her.e vides a
pol e structure GRPURGERG(RRL 40 (FIGnh &} oI ﬁf?ﬁﬁ?ﬂfﬁ é&ag Eggh pol e
structure haV|ngeffectxﬁﬁlgl#grdespssadheeetalﬁﬁ.of a predetern1ned pitch.

't S After melding is completed and the stator assembly
' removed from the mold fixture, the stator appears as
éuggested in FIG. 12. The molded plastic material 82
completely covers all of the pole teeth 67, fills all of
‘the voids around the windings as shown in FIGS. 12 and
10 13, as well as all voids in the end caps, to form a
| cohtin@ou; surface extending through the center of the
stator assembly. Furthermore, the molded plastic
material is selected to have a thermal heat transfer
' constant which is substantially better than that of air,
15 and thus the motor is better able to conduct heat
| générated in the stator to the ambient. As a result,
temperature buildup in the motor is effectively
dissipated, particularly as compared to a motor having a
conventional case. Thermal transfer, and thus heat
20 dissipation, is also improved as compared to motors of
the type described in the '572 and '604 patents having a
potted stator assembly, insofar as the injection molded
 motors. have fewer and smaller pockets of air.
Having thus molded the stator assenmbly, including
25 end cap 25 in the step 111 (FIG. 3), a step 112 is
performed to machine the central bore. Any number of
" machining techniques can be utilized to form the central
bore including boring,; grinding, broaching, honing or
lapping. In the presently preferred embodiment of the
30 invention, a form of honing, sometimes called diamond-
bore finishing, is used, preferably with multiple
stations. Lapping can also be used. In very high
volume manufacture broaching may be preferable. In the
currently preferred practice of the invention, multiple
35 diamond finishing stations are used, and are arranged to
assure that some material is removed at each station.
The initial cuts remove primarily plastic material from



Is al so seen that the anchor holes 69 are aligned such that an
alignment bolt or injection nolding needle can 10 pass through the

| am nati on stack at the—apptopriate point in the assenbly-process. —

After the lam nation stack is assenbled, and in the optional case
where an "enhanced" notor is to be produced, in a step 105 el ongate
magneti ¢ swoiop31986 are 15 inserted in each gap between scatuspstegih 67
(See FIG 12). As will be described bel ow, the magnets which are

i nserted between stator teeth tend to enhapnge the magneti c properties
of certain classes of notor. The ﬁBtlc strips have sufficient ’

frictional engaggpiepfaeSr and'diud Ienh@t £ S %&% {?I heagaps into

whi ch they_ are |nserted to_tenmporar)ly, nalntaln
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conponent s wtmén&algggfgﬂojwmu%; phd Ene pore RA) 65 dikd i S

regard, the stac ngs . are
terninated. | n Epe teolscontactthe skater s’c%‘h‘-ﬂ%ﬁ-?féﬁcat'@a‘%-t agcche

Prefer ab.I y, successiveé chombng aopetations unme i cairrd e gowt | ndter il ded 35
stator nati Q tﬁéf%a jrgﬁ?ﬁ&l PELoh EhERPUAH ' 74 o the dfiddAl! O

betmeen the sta
assenbly and at the same time from the bearing surtaces

31, 32 of the end caps to machine a smooth and
. continuous bore 33 through the entire stator assembly.
The machining in the end caps forms bearing surfaces for
15 slip £it of the rotor bearings while the machining of
the lamination stack sharpens the corners of the stator
pole teeth 67 to. produce a uniform bore- to: nininnm air
gap and enhanced- magnétic coupling.
It will be appreciated that in practicing the
20 invention no machining was needed on ‘either of the end
caps 25, 26 prior to the finishing operation which forms
the bearing surfaces. Typically, motors have machined
flanges for accurate mounting of the'mbtof in its end
use apparatus. Thus, having completed the honing
25 operation and thus formed a central bore in the motor
which will define the center line of rotation of the
rotor, the bore is used as a registration pilot for
- machining a modnting-flange 38 on the face of the motor.
Typically, the flange is machined on a lathe, and
30 subsequent to machining of the mounﬁing'flnnge. the tool
is changed and grooves 83 are machined in the bearing
surfaces 31, 32 for accepting the retaining rings 35,
36. PFollowing the performance of the step 113 for such
finish machining, the stator assembly is prepared to
as ' receive a rotor and thus produce‘anfassembledfmbtor.'
More particularly, a step 115 is_pérformed in which
the rotor assembly produced in the step 103 is joined
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14 the insulator assenbly is illustrated at 71 and is shown to
corplg%ely line the slot 68 as well as to cover the face 72 of each
pol e .U ' I nsul at or sections 71" hel p retai fpdrAgsoshatad’

wi ndi ngs, anég\gm'gH;gi nterface 5 with the end cap \a/nen th(rai;/ arg

j uxt aposed. Bol't protectors 71" insulate the fasteners 28 and

pr event contact between the fasteners Znd the wi ndings. A

mating end for the insulator is illustrated in

at 90 It

FIG, 1
seen that the inydktht $heostatox Assgmbly 19 3tePhé1?ngﬁLRF89“?f.Pn t hat
provi des a face 23mpleted motiorsul atti g isimpdyd netesisaryoke, instalddl sné3

e ons 5IPHE D i iy o5 e and
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cap 26,' then slide the rotor as%embly with bearings into

the bore 33. Thrust means 36a such as a wave washer and
spaéeré'asb, if neéessary, are instailed above the
bearing to load the bearings in one direction.

Fdllowing insertion of the rotor, the rear clip 36 is
put'in'place pgoducing a completed motor. A step 116
(FIG. 3) is then performed to magnetize the rotor in a

~ conventional fashion.

~one of the significant advantgges which is achieved
by the assembly tééhniqugs of the present invention is

is, motors having magnetic inserts between the stator
teeth for enhancing the flux paths and producing
correspondingly enhanced performance. Reference is made
to the following U.S. patents for a description of the
structure and function of enhancement achieved by
insertion of hégnets in the slots between the teeth of
the pole structure: Horber U.S. Patent No. 4,712,028,
Magtromattei U.S. Patent No. 4,713,570 and Gamble U.S.
Patent No. 4,763,034. FIGS. 12 and 13 of the present
applicatioh reflect the techniques of the aforementioned
patents applied to the instant motor structure.

| FIGS. 12 also illustrates the thin runner of
material 98 formed over the stator teeth 67 during the
molding operation and later machined away. More

~ particularly, referring to FIG. 12, it is seen that

molded plastic material completely fills the inter-tooth

. gap including all interstices between the magnets 85 and

the teeth 67, covering all of the magnets and teeth to
form a thin layer of plastic material comprising a
continuous surface throughout the bore of the motor.
FIG. 12 illustrates the motor after molding and prior to
honing of the bore. As described in connection with
FIG. 9, it is desired, in one embodiment, to leave a

i's
it

' the ability to produce "enhanced" stepping motors, that



10 illustrates bolt protectors 90" on the rear facing 15 I nsul at or

section. Since the rear end cap 25 is forned from nol ded plastic and
bolts are not used to—seTure it to the—tamination stack 27, it shoul d—
be appreci at ed that the bolt protectors 90" are not necessary.

However, in a preferred enbodiment they are nmaintained 20  so that

I nsul ator WOR6B3:6 71 and 90 are interchangeabl e andpefusscalaast Ype
needs to be stocked. Moreover, the - bolt protectors 90" provide an
irregul ar face that enhances the bond,_formed . bet ween the nol ded rear

end cap 25 and the | amnation stack . 25 Havi ng thus

I dth tyr, S | Iy il Justrated at
i nsul ated the p@xﬁﬁl rUloE: Ma%‘t'i’&ﬂ%vg theSER&FRE! ﬁ?t teeEN L of the

73 are applied (FIG aut omatr ca
poles in a step Aitdrns YQ@ﬁPG;tgFaYTH@ ﬂPﬁ&Fﬁgst§e¢96t Buecths Haning

magnet i zi ng t he qmv@s:im Mtd.rll they sacoropolle tebth atre 3exp os&fklf‘car;xt'
o]

i hensi Sheiré?itté‘*“nﬁﬂ?gt E?ﬁg:cﬁﬁag?fﬁ“% 8o Copgip 1o 4tkes Gie | bui | g
up in order to é’ e$BOWNg AnSoBRinuens peurtace tfors thaen,
however, that intermhd bores suehgnentanadusrsﬁrfﬂeen@ﬂﬂ@itfefeﬂ fhgrgoPYS
'n step 107, 1 h""‘;’;;;@gm“%gée h“d‘*fﬂ“dté?aatf@ “alleifaf, pampsed | (1 ¢
st ep, conductlv 4 g c @Xpose magnets 85 (when present)

' In keeping with the description of FIGS. 12 and 13,

10 no attempt was made to illustrate the inserts.in the
other smaller scale figures in order to avoid confusing
those drawings. However, from the illustration of FIGS.
12 and 13, it will now be apparent to those skilled in

~ this ‘art how the enhancement magnets ‘are utilized in

1s practicing the present invention. As shown in FIGS. 12
and 13, nagnetic segments 85 are inserted in gaps
between the stator teeth 67. While in the past it had
been necessary to glue the’ segments in place then vacuum
inpregnate the pole faces, or to varnish ‘the stator,

20 such steps can be avoided._ More particularly, the
magnetic segments 85 preferably are relatively strong
maghets such as samarium cobalt. Since the internal
diameter of the stator may be honed prior to insertion

_ of the rotor, it will be appreciated that magnetic

25 = debris is generated as the magnetic segments are honed.
This debris is highly magnetic and tends to adhere to
the laminations. -

In practicing the present in@ention;'howeVer, the
molded plastic material is allowed to enter the internal

30  bore and thus entirely encompasses the magnetic segments
85. A completely smooth bore is provided which remains
smooth as it is lapped or honed. Thus, even though
highly adherent magnet debris may:be'generatediin the
honing operation, since the internal bore 33 is _

35 completely smooth, it is a relatively easy matter to -
mechanically clean the bore, and’ provxde a clean and
unobstructed bore in which the rotor can rotate.
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15 aligned in a row or nmatrix hy spacer 95 -- the pins having a

projecting end 94' and a termnating end 94" (See FIG 11).
In the illustrated notor .ch _has eight pole 5 structures each with a

wi ndi ng, ei
Thus, at thgm

Eﬂﬁ 94 arkeTHl; 5—provrg§ﬁ:h r term nating theP

start o thepmpgg ‘affirst end of a coll TS Eﬁgéon

wel'ded to the t er m nat i ng—erre—94~ ﬁ ni94, wound around four
pol es, then fusion welded to the tern1natin9210 end of another pin. It
shoul d be appreciated that a | arger matrix of conductive pins 94 may

be desired if,
separate
| ar ger nunber

configured the st
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honing of the molded stator produces a smooth bore in
which the stator teeth and magnets may be exposed,
molded piastic material also forms a part of that smooth
bore and assures the holding of the enhancement magnets
in place in the inter-tooth gaps.

.The plastic material between the teeth also serves
an important purpose for non-enhanced motors as well.
In most machining operations, including the preferred
diamond finishing operation, material is removed from
the stator teeth'by a tool which is constantly moving in
the same direction, often at a relatively high rate. It
is noted that using the preferred diamond finishing
technique, it is preferred to utilize a toocl speed of
about 650 rpm and an advance rate of about 20" per
minute. With no backing material between the teeth,
particularly with high speed cutting, the shearing
effact of the tool against the unsupported tooth would

. tend to distort the tooth trailing edges as material is

sheared from the tooth face. Injection molding of the
stator in such a way that all of the inter-tooth gaps
are filled with high-strength plastic prior to machining
puts a layer of backing material between the teeth such
that as the tool removes material from the tooth it is
supported by the backing material in the gap and does
not distort or shear in such a way as to deform the edge
as the tooth is machined. The result is very sharp
edges on the teeth substantially free of distortion, and
such sharp teeth-contribute,to the uniformity of

. magnetic paths through the motor.

Having been briefly referenced previously, more
detailed reference will now be made collectively to

This Sheet Has Been Replaced -

L Il




28 secure the and cap 26 to the |l am nation stack 27, in a fashion

sufficient to maintain alignment during notor fabrication, and
subsequent |y during notor operation. 25 As—wi || be described in nore —_—
detail in connection with FIGS. 14 and 15, the nold fixture is
adapted to nmaintain preci se registration between the front end cap 26
and WoS636 nat i on stack 21. Preferably, the front ermtTs9snd?2s 26
is cast alum num and has pil ot holes 80 that align 30 with anchor holes -
69 of the |am nation stack. : Since, in practicing the invention,
the notor is to be pressure filled wt a nol ten plastic, the
practice g 3 (5 Imvsahl 98 fghbmhgceﬂbemahat Q&xkhﬁeseahsng gh thfh

urin e

stator el enents %ﬁFgrevenF %aka ﬁﬁt ol {,e ol@eastlc .
i nj ection step. 104, CPRGTRIBECCR §ﬁed m PhPLASt Fesenpighventlon
during the |nJecBmunngmhdnngten plapmdcéss“mﬁddeéxa&pheicanatethahe and
gg;fbégg?022gg“bé 6/§fécgmater1a1" are defined as any thermop stically
ce331 le resin. Examples of suitable thermoplastic
resins include, but are not limited to, ‘thermoplastic
resins such as 6,6-polyamide, 6-polyamide, 4,6~
polyamide, 12,12-polyamide, 6,12-polyamide, and
polyamides containing aromatic monomers, polybutylene

10 terephthalate, polyethylene terephthalate, polyethylene
napththalate, polybutylene napththalate, aromatic
polyesters, liquid cryStal-polYmers,'pﬁiycyclohexane
dimethylol terephthalate, copolyetheresters,
polyphenylene sulfide, polyacylics, poiipropylene,

1% polyethylene, polyacetals, polynethylpentene,

' polyetherimides, polycarbonate, polysulfone, ,
polyethersulfone, polyphenylene oxide, polystyrene,
styrene copolymer, mixtures and graft copolymers of

' gtyrene and rubber, and glass reinforced or impact

20 modified versions of such resins. Blends of these
resins such as polyphenylene oxide and polyamide blends,
and polycarboriate and polybutylene terephthalate, may
also be used in this invention. -
_ A preferred thermoplastic resin is a glass

25 reinforced polyethylene terephthalate tnermoplastic
molding resin such as that sold by E.I. du Pont de
Nemours and Company of Wilmington, Delaware. under the
trade name Rynite 530. '

Optionally, the thermoplastic resins may contain

30 - flame retardant additives. The thermoplastic resins may
also contain various types of reinforcements or fillers.
Fiberglass or carbon fiber may be used to provide
reinforced plastics. Various colored pigments may be
added to the resin, such as titanium dioxide. Clays,

35 calcium phosphate, calcium carbonate may be used as bulk
fillers, and many other fillers such as talc and mica
may be used to reinforce the material, to add strength



yoke is utilized to seal |eakage around the front end cap, and

pressure applied to the nold during the Iniection of high pressuyre
TiofTen plastic prevents | eakage duri ng the i njection step. 5

I n accordance with the invention, the prelimnary - secured assenbly,

regi stered ‘8?‘9%99% of a nol ding fixture (shown in Fl G, sﬁgﬁgw),

I S permanen secured in position by injection nolding o tator
assenbly, follow ng which concurrent nachining of the 10 beari ng
surfaces in the end caps and the stator bore25 provi des a regi-stered,
fi-xed stator assenbly ready t receive its associated rotor assenbly.
The nol di ng stepor to mPﬂﬂfUFP&hQE BECRARYIAS Afudhe JddhiRhedmrduct t o

FI GS. 14 apghehb adhigthi fifilesd  AtThe esinislimxy Alan caml:ﬂrﬁ 9 15

whi ch shows the stat nbl rs val of
the nol ded statoP %&%ﬁ% |x¥ﬁgg %?%ﬁ?'¥igﬁ¥“§€?ﬁfi §ﬁ§s7us shown in
these figures isameuntaof x&#ﬂforcﬂ\mﬁjm ifid kA NsRd BAY vary finem e t he
stator w ndighgS apout ANEPHi0 e iNEer dent Qi@tﬁdﬁ&n cmmfd tof e

Preferably, nolding is acc hed wi th I nserted
t hrough the boreP (?fg' ﬁ‘ﬁ%"'% T PIRafR m% ?rﬁaﬁﬁercq°£ a‘(?c‘e bet ween
t he stator redmfiexicdementaris tfidenginas, and 4t & prefenned, thater
of plastic 98 coygyes ﬁ%ﬁﬁa wl prdé@it) &Y thy dudifft 3 abddt® LRS!

bore that. houses the rotQr. - as furt er s r.r.ou t he stator
wi ndi ngs, and -fi¥% 33" ‘:ﬂ:‘ﬁ 7ﬁffe%“ age |t rgi e?ml di ng

step, 100l t onlmm iand < ifloexe prenentnd THQ\MQWF% resins
may be prepared by methods well known in the art. When
_:einto:cénénfs or fillers are used, they may be added to
the thermoplastic polymers during the preparation of the
rebins or compounded in a separate step according to
15 convent;onal methods known in the art. Preferably, the
| ' mold tfixture includes a front portion comprising a
split-frame 104 having portions 104a and 104b which
unite to enclose the front end cap 26. A yoke member
120 is_gssociated“with'the frame 104a, 104b to assist in
20 holdihg'the apparatus together when a high pressure is
applied to the'dies in the injection molding process.
Typically, pressures are applied during injection
molding which correspond to about 4,000 psi and without
_ the ybke surrounding the end cap, the material of the
25 end cap would likeiy rupture. The high pressure applied
to the gie; in conjunction with the yoke 120, also tends
to seal the line formed at the junction of the front end
cap 28 and the stator assembly, so that the molten
plastic injected under pressure will be retained within
30 the motor and not flow fhrough the potential leakage
path between the end cap and stator assembly. Frame 104
also includes a recess 105 (FIG. 14) that conforms to
front end cap 26, whereby the face of end cap 26 abuts
the frame recess 105, advantageously providing a backing
35 surface which prevents molten plastic from flowing out
of pilot holes 80.




anchor holes 69 and into aligned pilot holes 80, 30 provided in the

front end cap. Once the assenbly cool s. and the plastic has

solidified, a plastirc—mass—ts-—— integrally—formed within the pilot and ___
anchor hol es. Preferably, the pilot holes 80 include a chanfered
counterbore 80" that cooperates with the plastic mass to 35 = securely

hold the fYWOR6/38936 cap in registry with the stator | ptirdédaaiast ack
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17 It is preferred to reinforce_the plastic fasteners _

with self-tapping screws 28. In sone enbodi #8nts, the nDIten pl astic

forced into the apert t o) p can form
pF;StIC rivets thch *ﬁf5m6£P E¥%§%ﬂ%é£%$ﬁ;%ﬂﬁ;§§%§:%?ﬁ&%ﬁ% gP‘FE&sﬂoﬁor
| ow | oads. I n 2nd reamportion 1Q7er Thyaiany rPg’!tfé-lm\erwﬂunasluaesbe mor e

severe, or the Ichnhnenllnzlwniehmﬂem&nesfu(jrﬁldIdaddage throlbh| GhigH 1O
use netal Scre“Bméftéﬁwﬁiafti@erﬁ&ﬁ?QQW?Each ‘the stator assembly. The
5 rear portion 107 also 1ncludes a cavity 109 that defines
the space for the rear end cap 28, which is tormed from
the injected plastic. The connector xnsert 106 is
disposed alonqside the rear portion 107 eo as to form a
connector 41 (FIG. 1) that is 1ntegra11y formed with the
10 rear end cap 25.

" The mold fixture further includes a mandrel 110
that is inserted through the center of the stator
assembly to form the central cylindricel bore. The
mandrel 110 hes a slightly smaller diameter than the

15  sidewalls of the stator assembly 27, as detined by the
inwardly projecting stator poles 67, thereby providing a
small cylindrical gap in which molten plastic flows to
cover the pole teeth. (See Also FIG. 9) The mandrel 110
is secured in registry between the front and rear end

20 portions 104 and 107 of the mold fzxture, and, in this

' way, insures proper alignment of the central bore within
the stator assembly.
Once the stator assembly 27 is seeured'kithin the
mold fixture, pressure is applied to. the”fixture, and

25 molten plastic is injected under pressure into channel
108. The channel directs the molten’ plastic to the
chamber 109, which it fills to define the rear end cap
25. The molten plastic flows under pressure thronghout
other parts of the stator assembly, includinq the space

30 68 between stator poles (FIG. 6), the anchor holes 69
and pilot holes 80, the annular chamber 112 defined by
the front end cap, and the cylindrical gap between the
stator poles 67 and the'mandrel 110 to form runner 98
(FIG. 15). Once the assembly cools and the plastic has

35  solidifieq, then the mold fixture is removed, and the
honing process and rotor assembly previously described
are carried out.



bet ween the end cap 26 and the stator. It will be 10 appreciated that it

Is the end cap 26 which is typically ~used to nount the—notor—to—the—
apparatus which it dri ves. Thus, in the enbodi nent using
Screws for enhancing the attachnent of the front end cap to the

stat or ly, self-tapping screws 28, having a sli

smal | er d| ame?% an the end cap holes 80, are sel f?] QFZ}SS??\%‘IT?
screwed into the anchor holes 69 to firmy affix the end cap 26 to

t he stator housing. Subsequently, duri®@g the i njection nolding step,
mol ten 20 plastic flows through the anchor hal es, and, i to t he end

cap, to surround the &%okeMRrRYRILe %o MpEe Fhak the injectign meiding
nmotor is then nowpachtibrplmea hyekatively ramid manufactur imgl pepcéss | 0

t he appar at us mhl Sgh f t ded
by the conbination ofbﬁ% Infectl 0%0011'%#) %‘éfl&léﬁelé Jié@ ! ggrg\r/\gw °
provi des a FoEFesRRRA NI LY RS- nnﬁ?n%ﬁ?ﬁ??ﬁk'Fﬂt%ﬁﬁg tdedc

notor, and resi stﬁotd-atwuﬁcmmmebmd\m twe cure cycheenimtanobvehp

stator even in th C e S
encountered durin ééé#&fggﬂgf §h°ﬁ9”°ﬁ% %ﬁgifstrgﬁz #Eéﬁfxéfﬁﬁggﬁ t he
screws and the stwhighats %h@@oi%@v%%et@'é‘l’# AfaAevery higheep during
tenmperature cycliggm riﬂ@rﬂ%ﬂéins to cool aPﬁoﬁhOﬂ!ﬁh&dﬁlﬂﬁ 9, Shertrar

o cop 25 'Spfzz!#ﬁe%fem;gﬁggg B PLgELY . 48 03t huk
and spacer 38, tocecebedrsuffitchentlpitesalidify. Oncer%n%ﬁlempuﬁﬁd the
forma connector ppg¥sulelonhcthibcliold is released, and the motor can be
brought to the next station for a subsequent operation,
and will cool in the interim. There is no need for oven
_ curing of the internal material, simply adequate time to

15 cool the plastic mass after solidification, so that
subsequent operations can be performed. A typical 2
hour process time for the potted motor (pot and cure
cycle) is reduced to under a minute with the injection
molding process taught herein.

20 The nature of the connections between the
terminating ends of the coil and the pins of the
connector are also worth noting. The injection molding
process operates at a temperature which is incompatible
with many common forms of printed circuit boards, and

25 thus the printed circuit boards which had been used in
the past would require special adaptations in order to
render them compatible with injection molding
temperatures. Thus, special printed circuit boards with
foils adequately adhered to the substrate to withstand

3o injection molding temperatures would be needed.

In the practice of the present invention, those
difficulties are avoided by the use of metal pins which
are fusion welded directly to the terminating ends of
the coils. This not only eliminates the need for and

35 . cost of the printed circuit board, but also provides a
‘secure mechanical and electrical connection which is
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18 111, and in the preferred enbodi nent, the pins 94 and

spacer 95 are hel d—+rA—ptace—rerely by the rigidity of t he stator o

wi ndi ngs that are fusion welded to the pins 94 (See FIG 11).

Al ternatively, however, the spacer 95 5 and conductive pi.ns coul d be
integral | woasrsassd Wi th the insulator 90 (FIG 10), (R¢I/A3¢/04723 ng
rigidly disposed prior to step 111. It will be noted at
this point that fusion welding - is the8preferred neans of electrically.
and nmechanically 10 connecting th ins 94 to the term nating ends of .
t he coi | MF&§91NOF°BHP§“inea"§§8uFBenﬁﬁﬂ&ﬂ?ﬁ'&!‘rﬁﬁdand pressuresical
connecti on provitetdhebihjebtiononotdingnprecess. be achi eved w t hout the -

nefaine 15! PELDO L HE winy pABBULG, RERSATERLE bEATBAL A E61 of End T "
advantages may be achieved in certain modified
$§  constructions of the invention. ' For example, in low

cost motors and referring to FIGS. 16-18, the bearing
surface 31 in the rear end cap 35 can be made to
accommodate a much smaller bearing than the bearing
surface 32 of the front end cap. It is appreciated that

10 the primary bearing wear in a motor is on the front
bearing, and thus economies of production can be
achieved by utilizing a smaller bearing at the rear of
the shaft. That arrangemeﬁt is readily adapted to the
invention, except that the formation of the central bore

15 of the stator is modified. A further alternative
illustrated in these figures, as will be described in
greater detail below, is the application of the
invention to different motor types. The motor of FIGS.
16-18 is configured as an inexpensive universal motor,

20 rather than as the stepper of the preferred embodiments.

The stator assembly is shown in FIGS. 16 and 17 as
including a cylindrical stator body 150 having a pole
structure 151, 152. The pole structure is either formed

| ‘as a part of the body 150, or alternatively, can be
25 attached to the body. Windings 153, 154 serve to
magnetize the poles 151, 152. ' :

In the low-cost motor of FIGS. 16-18 ‘it .is
pre:érred to form both of the end caps by injection
molding. Thus, a front end cap 155, having mounting

30 holes 156 formed to serve the purpose of a mounting
flange, is formed at one end of the stator body 150. A
rear end cap 157, preferably having an electrical
connector 158 formed therein, is positioned at the other
end of the cylindricai body 150. As best seen in FIG.

3s 17, a plastic mass 160 £ills the stator, with the
exception of a cylindrical aperture 161 which is adapted
to receive the rotor. The plastic mass extends to both



I nsul ation, and serves to burn through the insulation at the fusion
wel ded point in order to achi eve_the —aforenent i oned-seeu+re—reehanteal
and el ectrical bond. A connector housing 41 is disposed about

t he 20 ; conductive pins 94, and is integrally fornmed as part of t he
rear end c eneficially, this connector 41 conf j SFs/04

not or for aagﬁgngTECtrlcal connection to a cabl e that Fgﬁglting?ely
connected to a notor driver for controlling the notor. It can be
appreci ated that, 25 in this way, an exteegsal controller can be
conveniently connected to the stator w ndings_of the notor, and

t her eby placedllthbrtnﬂ caps r156 of15heandt b Bperillustrated embodipeny

al ternative enmbocy i Ofoﬁﬁ'QV!S'otm éficsuch end! &&ps. 2 DOIwillbebgeen

?‘Sr”?réﬁcwrﬁf’gﬁ“ereﬂ” bé’amﬂeeﬁg’?m%%#ﬁ# o ichERiLPee B8 ¢ihnafiel fag

however and as ildandtfiilsl ald efithe %ﬁaalﬂhiﬁuﬁ9¥¢§nvlthln tbﬂdsbﬁﬁprdue

prlna;!lylfcgthe 1g@nsfer characteristics of aluninum Mre
specifically, since al u bet er ther nd han
pl asti c, mai nt al?ﬁ'ﬁgr%fn‘”élg r’Bﬁ End® cﬁgg‘z% g?ogﬂa étt%r

thermal transfer cemtkahecplbndbbcabrphehiou|SZOpavhéﬂh is illnstrated in
the drawing only schematically, forms the magnetically
active portion of the rotor. It is positioned on a
10 central shaft 171 intermediate a pair of bearings or
bearing surfaces. As in the prior embodiment, a
relatively large diameter bearing 172, which is of about
the.sgme_diameter as the rotor portion 170 (preferably
slightly larger than the rotor portion) is positioned on
15  one end of the shaft. The second end of the shaft in '
the FIG. 18 embodiment is simply machined at 173 to
.interface with a bushing positioned in the associated
end cap. When the-nctor_is configured as a universal
: motor, the central portion of the rotor 170 will be
20 formed to include a commutator for interaction with
brushes positioned in the stator assembly. Although not
illustrated in the drawings, the universal motor also
has brushes in the stator to function with a commutator
on the rotor. The brush holder description contained in
25 the DC motor description (FIGS. 19-20) also applies to
the motor described in FIGS. 16, 17 and 18. This is not
shown in order to preserve clarity, and to focus on the
potting aspect of the invention.
. Turning attention again to the stator, it will be
30 seen that the bore 161, as best seen in FIG. 16, is
. continuous from the front end cap 156 through the
central portion of the rotor, but stops short of the
rear end cap 157. A bearing mounting surface 174 is
formed in the front end cap 156 for supporting the
35 bearing 172. The rear end cap 157 has a smaller
aperture 175 to - also serve as a bearing support.
Positioned in the aperture 175 is a bushing 176 which
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19 away fromthe notor. In this regard, heat dissipation S
further inproved if theTotor is nmounted by way of nount i ng hol es 40 ——
(FIG. 2) to a structure that would effectively serve as a heat sink.
After nolding is conpleted and the stator assenbly . renoved
fromthe MO @6/81936 ure, the stator appears as suggest RPOT/USHERKTA3 12.
The nol ded plastic material 82 conpl etely covers all of the pole
teeth 67, fills all of t he voids aroqnp t he wi ndi ngs as shown in
FIGS. 12 and 10 13, as well as all voids in the end caps, to forn1a

conti nuous S“rfiﬁ%oﬁfieﬂg QﬁtﬁhEOHQEhEHﬁdCQBEQECQf1?@90n the f+

assenbly. Furthernore ected to

S
have a thermal RBALY: F&n EF‘ 2 %eag&BﬁsfgﬁPcﬁHFﬁgg?g gﬁ%sf%??fl%'l"hf"[)etter
than that of ai thelTotorasdafhus Whdleotbe rtenbraleboxmel istthusnduct heat

generated in th t o r '
bui l dup in the ste 8’?". ! g.g B%t@?i’bﬁ-ﬁ’indé.% £hk! aabsgtageous £ g;sgf

ective | SSi rti cul ar
conpared t8 a n&h8r ipYenkdon. i“CIKQQHQeﬁFléﬁSF coee i Rﬁ%?ﬁﬁ?nt?
t hus heat 20 dnﬂscppnlvd;hlthatsendnpnpvhdvéagcanpaneﬂnqosmpparﬁ of
the type descri Qadeag t?%znﬁaztﬁﬁéezﬁoioﬁakﬁ SrEa¥fn9hé-rotor iﬁﬂf d

oo Y rper aiator: 1 ShcaPsaiated With'an injectEss molded nase’
B - ) prqvide_a smooth bore, goocd heat’ transfer and
10  dissipation, and a sturdily unitized structure.
Electrical connections can be made as 1n the prxor
embodiment. '

A number of alternatives are alsoc available with
this motor configuration. Among them is the possibility
15 of eliminating the honing or: lapping of ‘the central
portion of the bore 161, and in some cases, the
" machining of the bearing support surfaces. Thus, in
some applications, particularly such as a universal
motor where the size of the air gap between the rotor
20 and the poles of the stator is not so critical, the
internal surface 179 of the central portion of the
'~ stator can be left in its "as molded" configuration
without additional lapping or honing. Thus, the only
machining operations which might be performed are those
25  which form the bearing support surfaces 174, 176 in the
respective end caps 155, 157. The use of a bushing 175
also illustrates a further alternative in which the
bearing support surfaces need not be machined. Thus,
the surfaces 174, 175, in a particularly inexpensive
30 motor, can simply be molded to an appropriate size, and
bearing members press fit into the molded apertures.
Bushings such as the metallic bushing 175 illustrated in
FIG. 16 can be used or polymeric bushings can also be
used in the same way. This structure is particularly
35 advantageous for a very low cost motor such as a motor
" which might be used in automotive applications for seat
positioners or the like. That form of motor is also



Havi ng thus nol ded the stator assenbly, including 25 end cap 25 in the
step 111 (FIG 3), a step 112 is perfarmed to machi ne.the central—

“bore.” Any nunber of ~machi ning techni ques can be utilized to formthe
fentral bore including boring, grinding, broaching, honing or

appi ng. sently preferred enbodi nent of the 30 ' a9y 2
form of ho&r‘h&&“@% times called di anond- bore fini ship'ﬁg),(ﬂi S %ed,
preferably with nultiple stations. Lapping can al so be used. In very
hi gh vol ume manuf acture broachi ng may ¥e preferable In the '

currently preferred practice of .t Lt LRl
finishing statioR@tkeE &é&HStJH&egséhg¥§§ﬁngg gnd 28 SgigﬂrEePﬁgfeESRea
material is rermwmaﬂ:oeadf itmxpcmsz.ve congtguctiipnawhighs capnpake use

primarily plasti rj.al 31

al uni num f r om t h®cRyReric Peazingsyto reduce ﬁ&§rP§P&5‘Fﬁ“ﬁﬁEﬁ §°3¥F Pg nd
desired to fsormtd‘nxa:mwwr

FIGS. 19 and 20 show an alternative configuration
which is like the earlier alternative in the provision
of bearing surfaces in the respective end daps of
different size, but which differs from that embodiment

10  in the électrical and magnetic form of the motor. The
motor of FIGS. 19 and 20 is a permanent magnet motor.
As such, the poles rdquire no windings, and the
permanently magnetized polarization of those motors
provides the means for magnetiz;ng the poles.

15 Turning to the drawings more specifically, it will
be seen that the stator is based on a stator body 180.
As best shown in FIG. 20, a pair of permanent magnets
181, 182 are attached or affixed to the body 180. The
motor of FIGS. 19 ;nd_zb.can be formed with a metal

20 front end cap or an injection molded front end cap, as
desired. In order to reduce cost in the motor of FIGS.
19 and 20, the front end cap 183 is injection molded, as
is the rear end cap 184. A mounting flange with
mount;ng holes in the front end cap 183 is shown at 185.

25 ‘ASs in the other enbodiments, an injection molded
plastic mass 187 is formed in the stator body which
encapsulates the poles and the magnetic structure 181,
182, f£ills all voids in the body, forms at least the
rear end cap 184, and in this case also the front end

3o cap 187. This embodiment also shows the use of short
locating pins 190 which are affixed to the metallic part
of the stator body and serve as anchors for the plastic
mass after it solidifies.

‘The motor of FIGS. 19 and 20 is a DC motor, and

35 thus the rotor requires a commutator structure
illustrated at 192. Brush holders 193, 194 are
permanently fixed in position in the plastic mass during



bore so as to leave a thin |ayer of nolded plastic 98 bet ween t he
stator pole teeth 67 and the sidewalls of 5 the center bore. .
Alternatively, it may—be—destred—to conti nue the honi ng operati on
until it has opened.the bore 33 so that the tools contact the stator
| ami nations. Thus, as the successi ve honing operations are carried
out, materiWO9%B1936 is ultinatel y renoved fromthe teeth 72pefaish@asiat OF
assenbly and at the sanme tinme fromthe bearing surfaces 31, 32 of the-
end caps to nmachine a snmooth and conti_nuous bore 33 through the

entire stator assenbly. The nachlningﬁzn the end caps forns bearing

surfaces for 15 tn.suhgeEtaoafmbhaiaatgyoasgg'ngﬁsWQL'SoAOsnﬂach'g'”g of

the |am nation s e e corn tato ‘teeth 67
to produce a un| PéQPSrcﬁPﬁlﬂﬁﬁlgFPvngd t9aplif EemeviRbdofagneti c
coupl i ng. brushes 1pBhA, bésappfem abtdrthaintenanee! i CWipih§e189 1

oo Lo the {1 neopwRdsEREnReseadLp ag! Lohelt1hG ehR brasn neTker o
g;pfgalﬁy, %Dtorg Hﬁﬁgtﬁg gﬁed Th us, FP8n§E§1¥%rb%&%%r%%éum@ume|ng of the
notor in its endpermanentdyafpzedt in. podhtison halong @ﬂﬂmlpﬁgdwipfh@onlng 25
operation and ! NagriAgmefleaiA5ELEbn AL Falhy ! HESRL! whi ch W

define the center lin the bore is used as

a registration pilot '?8 "mb8os ﬁgcﬁfﬁﬁng’-% aRd 9 n'g1$¢ ARAWSER: the face
of the notor. — implEmpntation ofecbstingedustive fbylmeais 2ot ad heeaiitih 30

subsequent 150 naghgai pgapf eﬁaec ﬁ%&?ﬂnﬁl anﬁ?us,t Ned Of)ront end '&a chla“ged
and grooves 83 aﬁa nacgearingnsapport surgace 200 formed therein which
is about the same size as the central bore 201. The
rear end oap 184 however, has a smaller diameter
hearing support surface 202 formed therein. Roller
1S bearings could be used as the bearings in the front and
rear end cap. Howeaver, for the low cost version, the
motor of FIG. 19 preferably employs bushings press fit
into the bearing support surfaces 200, 202 and engaging
machined sections of the rotor shaft 206.' mPreterably,
20 the support surfaces are injection molded with
sufficient precision and adequate finish to allow ‘the
' bushings to be press-fit into position without the need
to first machine the hearing support surface. -
In all of these alternative embodiments, the stator
25 of the motor is injection molded as has been described
in detail above to completely encapsulate the peoles,
windings and other materials in the stator,_and to form
a smooth bore through the center of the stator. 1In one
embodiment, the major 1ength of the bore, that in the
30 region of the poles, is simply that which is formed by
the mandrel in the 1njection molding fixture, and only
the bearing surfaces in the front and rear end caps are
machined. In the alternative embodiment,'a'smooth bore
is machined through the front end cap and the pole
35 section of the stator, and a second smaller diameter
bearing surface machined in the rear end cap. In a
further alternative, no machining is required for the



surfaces 31, 32 for accepting the retaining rings 35, 36. Fol |l owi ng
the performance of the step 113 for_such ____ finish mac

assenbly is prepared to 35 receive a rotor and thus produce an assenbl ed
not or . More particularly, a step 115 is performed in which

the rotor produéfa kn rhe-s 3 is joined 1936
bCT Usoa) 04 T9 R 195 ZE1 A B 21 i PETDRbe -

assenbly in step 113 to~pLQdﬂE§2é3:9 |l eted nmotor. It is sinply
necessary to install one of the T nilg rings, say, front ring 36 in
t he end cap 26, then slide the rotor assenbly with bearings into 5

Fhe bore 33. ThrhpreneanthSGhean&hgasuapuatesuaﬁheesandln all sp&es|, s 36D,
I, necessary, arensdeyét| °thaPo¥AtERE bore vRESK! 18 pPek@AtelEoDEAR! N0S I N

one direction. 0 omnna I nsertion of ng r ot or, rear Ip 36 is
put in place prodtRFRE A8 BnPRREEANKARLLY ROBELPUPYE Bss fé#ﬂ&? By £Be hen
performed to magnibjeetién moldedi potting material, and the fact that the

5 stator is filled with such material provides enhanced
properties such as thermal conductivity.

It will now be appreciated that what has been
provided is a new and reliably assembled electrical
motor in which the stator is assembled from

10 substantially unmachined parts. After a lamination
stack is assehbled, insulated, wound and terminated, an
unmachined end cap is disposed at the front end of the
lamination stack and initially secured in register to
form an intermediate assembly. Once the intermediate

15 assenbly is secured, it is then molded to form a rear -
end cap and intagral connector, and permanently locks in
register that which had been initially secured. An
internal bore is then machined to produce a straight,
smooth uninterrupted central bore for receiving the

20 rotor, and forms bearing surfaces in the end caps. A
previously assembled rotor assembly is then inserted
into the smooth bore of the stator assembly, secured in
pPlace, and the motor, after magnetization of the rotor,
is ready for service.

25 The foregoing description of various preferred
embodiments of the invention has been presented for
purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to
the precise forms disclosed. Obvious modifications or

30 variations are possible in light of the ahove teachings.
The embodiments discussed were chosen and described to
provide the best illustration of the principles of the
invention and its practical application to thereby
enable one of ordinary skill in the art to utilize the

3s invention in various embodiments and with various
modifications as are suited to the particular use
contemplated. All such modifications and variations are
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conventional fashion. One of the significant advantages which is
achi eved by the assenbly techni ques of the present invention is

the ability to produce“entranced" stepping ndtors, that 15 is, nmotors
havi ng magnetic inserts between the stator teeth for enhancing the
flux paths and producing correspondi ngly enhanced perfornmance.

Ref er ence WO %&tR36 to the following U S. patents for ®CTEIS6/04323 on of
t he structure and function of enhancenment achi eved by 20 i nsertion
of magnets in the slots between the teeth ofy the pole structure:
Horber U. S. Patent No. 4,712,028, Mastromattei U.-S. Patent No.
4,713,570 and Ganttigin) €he scopeRsfente Nonveint/ish Ofs! ddtiedminkd ayd the of

t he present ty f |oned
25 patents apﬁ?ﬁgd+&a%jhe |n§‘{'ll‘&? l&%@ts ruc?itj‘?\Sa':Q'Ic"!t‘ﬁ%jae Wﬁﬁs

al so il ustrat esPxeadthte (which they are ﬁﬁ& Yal %&?#Rﬁwn&?dmﬁguﬁﬂmbly
stator teeth 67 entitTed e’ mol di ng operation and | ater machi ned away.
Mor e articularly, referring to FIG 12, it is seen that 30 nol ded
plastic material conpletely fills the inter-tooth - gap including al
interstices between the magnets -85 and the teeth 67, covering all of
the magnets and teeth to forma thin.layer of plastlc mat eri al
conprising a continuous surface throughout the bore of the notor. 35
FIG 12 illustrates the motor after nolding and prior to honi ng of
the bore. As described in connection wth 'FIG 9, it is desired, in
one enbodinent, to | eave a : : ' :



YO SOISI0%0 e ot arastic overthe statorpore't cove, T N HININAVAN

Alternatively, it may be desired to continue the honing operation
until the stator pole teebhnaﬁewexpesed—~lgn this end, FIG 13

I 11 ustrat esybbgsfesgdi tion | af"tverWt_he 45 BEEMQre is finished, perasbdiasrss
conti nuous surtface for th REPIAGEDNal bgre, such continuous surface at
di fferent parts |nclud|ng The notded Tl astic material, exposed

teeth 67 and exposed nagnets 85 (when presess). In Keeping with

t he description of FIGS. 12 and 13, 10 no attenpt was made to illustrate
the inserts in tHWBAT IS CLAIMED<I@!|er scale figures in order to avoid
conf usi ng t hose drawi ngs. However, fromthe illustration of FIGS.

3ﬁeaggh;ﬁceh;nrnngzg¥gbgrgpgggp?éeﬁg %Pg 3 EK% 3Et?t?ﬁ§rfﬂ%1d?é§§%{t how
invention. As sbompriaifig(Ehel@teps ofand 13, magnetic segnents 85 are
inserted in gaps  coht¥BEEihGCaSEBLEE 4EELHLEY- ol! Fotdr! bRaPES tnd
rotor assembly having bearings disposed near the ends of
the rotor shaft;
forming an intermediate stator assembly by
assembling a stack of stator laminations having stator
'poles, insulating the stator poles, and wrapping the
stator poles with stator windings; '
placing the intermediate stator assembly into a
mold fixture that includes an internal cavity shaped to
define a rear end cap for the stator assembly and a
mandrel projecting through the center of the
intermediate stator assembly to form a central bore;
unitizing the stator assembly by injecting molten
plastic under préssure into the mold fixture, whereby
the molten plastic is forced into the intermediate
stator assembly to encapsulate the stator windings, f£ill
interior voids, and £ill the mold cavity to form a rear
end cap; : '
cooling the assembly to sclidify the molten plastic
into a plastic mass, the plastic mass extending to and
including the formed end cap;
machining a continuous bore through the center of
the molded stator assembly to produce a concentric bore
for the rotor assembly, the bore also producing mounting
surfaces for receiving the rotor assembly bearings; and
mounting the rotor assembly into the stator
assembly by inserting the rotor assembly into the
continuocus bore and ehgaging the rotor bearings with the
mounting surfaces. -

2. The method of claim 1, wherein the mold
fixture includes a connector forming portion, and the
method further includes the step of disposing the

This Sheet Has Been Re!ilaced




been necessary to gi ue the segrrenmllmmmmﬁmnﬁmvacuum i npregnat e
the pole faces, or to varnish the ch steps can be avoi ded.

More particularly, the =™ magnefic®segnéht$ 85 preferably are relatively
strong magnets such as riumcobalt. Since the interna

di aneter of the stator nmay bdg THDEHRNIRS BRENserti on of the rotor,
it will bAAMEG at ed t hat #:gnet REPEED debnis is genersI&FI88IRHe
magneti c segnments are honed. Fht-s—aebr+s-i s highly nagnetic and tends
to adhere to the | am nations. 36 | N practicing the present

I nvention, however, the nol ded plastic material is allowed to enter

the internal 30conneetéraperilng portichyiRnEeIMEscEsts NendBaER] i GawRYPENt S

85. A conplete b r d wh snmooth as it
is | apped or ho%iegaén?ﬁms %gnkgﬁg 8# Sgp %g%ﬁgmcfg%r%'ﬁt%’g’}%t StRByris

may be generateG°FH5tﬂeplaStichﬁﬁancﬁﬁérEbﬁﬁn S sinkegrak witherthe dear 33
s 35 conpl eefillycapgooth, it is a relatively easy matter to

mechani cal 'y clean the bore, and provide a clean and - unobstructed

bore in which the rotor can rotate. FIGS. 12 and 13
illustrate a further3bencThe Bethad of claim 2, further including the

step of providing a plurality of conductive pins and
electrically connecting the conductive pins to the
stator windings, and further positioning the conductive
pins within the connector forming portion of the mold to
provide proper alignment of the conductive pins thh the
connector.

4. - The method of claim 2 further including the
steps of providing a pluraiity-of conductive pins,
fusion welding the conductive pins to the stator
windings for forming mechanical and electrical
connections therewith, and fixing the pins in position

- by flowing molten plastic under pressure around the pins
in the step of unitizing. ' -

5. The method of claim 1, wherein the forming
step includes stacking stator laminations having aligned
anchor holes, winding the lamination stack with stator
windings, and positioning a front end cap having pilot
holes aligned with the anchor holes in the lamination
stack..

6. The method of claim 5, wherein the molten
plastic in the unitizing step flows through the anchor
holes and into the pilot holes of the end cap.

7. The method of claim 5 including the step of
inserting metal fasteners to secure the front end cap to
the lamination stack prior to the step of unitizing.
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nol di ng and subsegent honi ng procedure when used with Hlmmml!m“ml”“l
enhanced type. It wll be appreciated-that——pl ded pl asti
forced into any crevice in the 5 inter-tooth gaps, serving as a bondi ng

agent to hold the dmhpﬂeenﬁnt qyg@ghs in place. Subsequent honing of

t he o ks 6/ 1 OF roducg5~ ore in which the striTmsgsémndz2seet h

and nagnets may be expgsed,_anﬂgggggLasLLc mat eri al al so forns a part

of that smooth bore and assures the 10 holding of the enhancenent nmagnets

in place in the i nter-tooth gaps. 37 The plastic material between

the teeth al so serves an inportant purpqse _for _non- en nced notors as
“well. In most macBini nﬁhGpEP&hPSn§fp ?ﬁﬂhg% FPTBLNYi anond

finishing operagtep ifcledes inservimecan rimsulator irB:tdatt:)!eteeth by a
Lol hieh 1 cong%gﬁﬂhmw QQ;%;} E'P“ ?% (ysrtigl fterred éﬂarmnd

relatively high } not e Mt Jusing the pr.e

fini shing t e8EAtTc POLes; s ande WEARRING, the STAFCOF MG jé'ﬁ%d’"(ﬁr Xhe
about 650 rpm andngalateance rate of.about 7.87 cm (20") per m nute.
Wth no backing material between the teeth, particul arly wth high

speed cutting, the shearl ng effect - of the t ool _agai nst the unsu ported _
tooth would tend to 9 gtmpqwqaiwhim 18n 'ﬁ%{fé’é‘ ‘JF

sheﬁr ed 25 Lr OﬁbllJ.PQtB.QOtibn ftmeunjjﬁﬂﬂmg Eteplid Mpried s Sdsattw in
such a way that all of S I
hi gh-strength pl S9CRPS %Ft r]' ﬁ[r:)! ﬂa‘?:gxl ‘iqefL er c#a AT ng

mat eri al bet weenwindings.h such t_hat as the tool renoves material from
the tooth it is supported 30 by the backing nmaterial in the gap and does

”9t distort 10. The method of claim 1, wherein the molten
plastic in the unitizing step is formed so as to
encapsulate the stator poles and stator windings and to
form a front end cap opposite the rear end cap.

11. The method ,ofﬂ claim 1, further including the
step of fusion welding a plurality of conductive pins to
the stator windings.

12. The method of claim 11, wherein the plastic is
molded to form a rear end cap having an integral
connector that surrounds the plurality of conductive
pins.

13. The method of claim 1, wherein the stator
laminations have a plurality of inwardly facing stator
poles, each pole having a plurality of pole teeth

. separated by gaps, and in which the molten plastic
encapsulates the stator assembly in such a2 way as to
deposit plastic in the gaps between the statocr teeth.

14. The method of claim 1, further comprising the
step of providing as the plastic a thermoplastically
processible resin 'sele__ct_ed from the group consisting of
' 6,6-polyamide, 6-polyamide, 4,6-polyamide,
12,12~-polyamide, 6,12-polyamide, polyanides containing
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‘?’Lesrgglrjl t ! Pss\egryas\(}\gypaZd;gsdgLO{ hlﬂ“ﬂlﬁﬂwnlﬁlﬁnm;ﬂl ;g?f gl ly f irZemca)ll‘Chi ned .

distortion, and such sharp teeth™ donfribut® t°% t'he uniform ty of
magneti ¢ pat hs through 35 the’gntor Havi ng been briefly

ref erenced 6§%§éﬁ§ly’ nﬁ q, 'deta ference will now be nade.

coll ecti Ve|@ gg til:tl PCT/US96/04723
PCT/ US96/ 04723 24 FIGS. 14 and
15, showing the nold fixture. As used slgerein, the terms "plastic”,
"nolten plastic”", "high strength nolten plastic", "nolded plastic

material" and aronaﬂheSﬁbﬁoﬂﬁrerIﬁbiyﬁﬁ tiené negréphenn1dtier nopl astical Iy

i bl h I t resins
"ol ude, but ar P %?éﬁh%@%”?&ﬁ?ﬁév%ﬁsstvzivfi b e ACe,
6, 6- pol yam de, 6PPYY Bﬁ?kﬁne4nﬁpththalapaly§m¢mhﬁlqucﬂﬁkqténsunIEqud
6, 12- pol yani de, engstal polymers, pelycyclohexane dimethylol

terephthalate, copolyetheresters, polyphenylene sulfide,
polyacylics, polypropylene, polyethylene, polyacetals,
polymethylpentene, polyetherimides, polycarbonate,
polysulfone, polyethersulfone, polyphenylene oxide,
polystyrene, styrene copolymer, mixtures"and'qraft
copolymers of styrene and rubber, and mixtures thereof.

15. The method of claim 14, further comprising the
step of adding to the resin a tiller.

'~ 16. The method of claim 14; further comprising the
step of adding to the resin a reinforcement of
fiberglass or carbon fiber.

17. The method of claim'1,'further'comprising the
step of providing as the plastic a glass reinforced
polyethylene terephthalate thermoplastic molding resin.

18. A method of producing an electrical motor
comprising the steps of:

constructing a rotor assembly on a rotor shaft, the
rotor assembly having bearings adapted for support by
bearings located near the ends of the rotor shaft;

forming an intermediate stator assembly having
stator poles and means for magnetizing the stator poles;

placing the intermediate stator aéSembly into a
mold fixture that includes an internal cavity shaped to
define a rear end cap for the stator assembly and a
mandrel projecting through the center of the
intermediate stator assembly to form a central bore;

unitizing tlie stator assémbly by injecting molten
plastic under pressure into the mold fixture, whereby
the molten plastic is forced into the intermediate

This Sheet Has Been Rep

A0 R




pol yam des contai ni ng aromati ¢ nononmers, polybutylene 10 t ) HJl‘ l |ﬂll “ |II|
p0| yet hyl ene ter pphf hal ate p0| y_e_t_h_yj_ene _____n.a.p{_ht hal at e; : s &

napt ht hal ate, aromatic pol yesters, liquid crystal polyners,

pol ycycl ohexane dlnethylol terephthalate copol yet heresters,

pol ypheny| ¢fgo&itbid de.! propyl ene, 15 POobERUBYRTS
pol yacetal s, polyneth | yet heri m des, pol ycarbonat e,

pol ysul f one, pol pallyphenyl ene oxi de, pol ystyrene,
styrene copol yner, m xtures and graft copol yv®ers of styrene and
rubber, and gl ass reinforced or inpact 20 nodi fi ed versions of such

resins. Blends &tateXsassembly; £ gncapshlatepthepEEalPEnROdRBdcLidd
pal yam de bl ends interiorandiae,y anabgialethadmnpdtybatritgnect eoeahhhebake,

may al so be s%g i.n this invention. A preferred
t hermopl astic re P4 gl ass 25 reinforced polyethylene terephthal ate
t her nopl astic maqgh#yqr@@ﬁnasasnhéy tRasoddifyythe| modtenopladvic

Nemour s and ConpamecPla Phlaweie! eﬁss@eltmabsasuméeﬁasaefomingt h2dental®

Rynite 530. tiqnal tic_resins my_cqntain 30
flame retardant XOF®: ﬂ’%%" % Eg ?8%8 §aﬁa?ng cap 3?‘80 contain
vari ous types of angithies endeap;or flllers Fi bergl ass or carbon

fiber may be used to RoRy RNy bearinbehﬂfpﬁbi-%dsﬁi'iﬁééﬁsinvﬁhéouﬁdCEhﬁéed
pi gnents may be

B o ol o500 hebe 5 smpacas, Beire” oot EACaLVp ERe Hearihds™
fillers, and nmanpdaptead ftia Imppmtcithasrb&br,aaddm ca may be used to
reinforce the materi alpoyn? j3dd tHe ot assembly into the stator
g assembly by inserting the rotor assembly into the
- continuous bore and engaging the rotor bearings with the

mounting surfaces.

19. The method of claim 18 wherein the step of
- forming bearing support surfaces in the end caps
includes machining mounting surfaces in the end caps for
receipt of the bearings adapted to support the rotor.

20. The method of claim 18 in which the step of
forming bearing support surfaces in the end caps
includes pressing bushings into the end caps to serve as
the bearings adapted to support the rotor.

'21. The method of claim 18 wherein the step of
forming an intermediate stator assembly includes winding
the stator poles to provide a magnetic structure serving
as the means for magnetizing the stator poles.

22. ‘The method of claim 18 wherein the step of .
forming an intermediate stator assembly includes
mounting permanent magnets in the stator assembly, the
magnetic polarization of the permanent magnets proviging_
the means for magnetizing the stator poles.
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VO 96/ 31936 u !l”"’ ﬂ 04723
25 or to nodify other properties of duct such as

stiffness. The resins may aLsg_gonLainﬁ__“__plasthlzers and heat and

i ght stabilizers. The THaoaunt ; ofay pEFN ¢r cenents or filler used may
vary from ut 1 to 70 r cen{ based on the weight of the
pol ymer angv???$§$ present< %ﬁﬁggfgﬁgrrcu {ype rei nf of 04723
fiberglass, and it is preferred that the fiberglass be present in the
anount of about 15 to 55 wei ght percengg based on the total weight of
the 10 polymer and filler present. The thernoplastic resins may be -
prepared by nethods @d. Rhevmethahefacllaiwhas whereinethéoseepests or

fill
curi ng the br epai o gy WRbdrt sur fafhgegﬁiﬁ“ph? biE iapaFas, o,
e

according to 15 Pearifia SyWPPSTY SYHIAGEs ionshe £ e&PtcaPPFEFEr&blyhethe
nol d fixture incteadesensd foagnt portion conprising a- :

24. The method of claim 23 in which the step of
forming the bearing support surfaces includes the step
of machining a smooth continuous bore through the front
end cap and the central bore but terminating short of
the rear end cap, and machining a smaller diameter
bearing support surface in the rear end cap.

25. The method of claim 18 further comprising the
step of providing as the plastic a thermoplastically
processible resin selected from the group consisting of
6,6-polyamide, 6-polyamide, 4,6-polyamide, 12,12~
polyamide; 6,12-polyamide, polyamides containing
‘aromatic monomers, polybutylene terephthalate,
polyethylene terephthalate, polyethylene napththalate,
polybutylene napththalate, aromatic polyesters, liquiad
crystal polymers, polycyclohexane dimethylol
terephthalate, copolyetheresters, polyphenylene sulfide,
polyacylics, polypropylene, polyethylene, polyacetals,
polymethylpentene, polyetherimides, polycarbonate,
polysulfone, polyethersulfone, polyphenylene oxide,
polystyrene, styrene copolymer, mixtures and graft
copolymers of styrene and rubber, and mixtures thereof.

'~ 26. The method of claim 18, further comprising the
step of providing as the plastic a glass reinforced
polyethylene terephthalate thermoplastic meolding resin.

2?.  An injection molded electrical motor assembly
comprising; _

a rotor assembly having a central rotor portion'on
a rotor shaft, and a rotor bearing disposed near each
end of the rotor shaft;
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split-frame 104 having portions 104a and 104b which ruml Hm :."! |I||
the front end cap-—26~—~A—yoke nmerper— -+26—s—associ ated *
104a, 104b to assist in 20 hol di ng t he apparatus together when a high

pressure is applled“ro—the des—n—fhe injection nolding process.
Typi cal |y, wio ssavsees arg appFl ‘6d dendi BEEN nj ection nol ACTEISsEI4TR
correspond to about 4,000 psiR&RAORDL hout t he yoke surroundi ng the

end cap, the material of the 25 end cap gggld | i kely rupture. The high
pressure applied to the die, in conju ion with the yoke 120, also

t ends to seal the, Li ) t c f d

cap 28 and the stator® aggéﬁgfg quqo% f%?ﬁmb#% T"&."@Lﬁj'“tgh%I]:';sr,tgi@(:oIEnjected
under pressure viaminationaphagkyformingostateRe PRICS: St nﬁ&“ﬁﬁﬁough
the potential |eakpgted on tha! Bthtorcpaleb; andront and apl @ubsaﬂmﬁw

front end cap 265PuRBPcBDH: RE FRECIARLR %ieéi%*ﬁ api¥a S35 sBreen
recess 105, advapﬂagsogsnpxpnavns'ngm&esa@pnﬁg $ing asﬁmﬁﬁi§lmﬁﬂﬂ¢ﬁ&igménts
nol ten plastic fgparablopiagtie! mass that Bubstaht/iall30 encapsulates the
‘stator poles and windings and £ills interior voids of
the lanination stack, thereby unitizing the stator
assembly, the plastic mass extending to and forming a
rear end cap disposed on the other end of the lamination
stack opposite the front end cap; and
a continuous bore formed in the stator assenbly
through the front end cap, the stator lamination stack,
and the rear end cap, the continuous bore defining
mounting surfaces in the end caps for receiving the
rotor bearings, the rotor assembly being carried within
the bore formed in the stator assembly with the rotor
bearings engaging the mounting surfaces in the end caps,
an air gap being defined between the central rotor
portion and the stator lamination stack.

28. The electrical motor of claim 27, wherein the
~ front end cap is fabricated from metal and has pilot
 holes, the lamination stack having anchor holes, the

plastic mass extending from the anchor holes in the
lamination stack to the pilot holes in the front end cap
to form plastic rivets which secure the front end cap to
the lamination stack.

29. The electrical motor of claim 27, wherein the

. front end cap is fabricated from metal and has pilot
holes which align with anchor holes in the lamination
stack, threaded fasteners inserted through the pilot
holes into the anchor holes for securing the front end
cap to the lamination stack and preventing creep, the
plastic mass surrounding the threaded fasteners and
filling the front end cap.
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26 The nold fixture also inc Wnsert 106
es

and rear portion I0O7. The rear portion 107 inclu ~channel 108

whi ch defines a fluid passage through which: nolten plastic flows to
reach the stator- assenbly. The 5 rear portion 107 al so includes a
cavity 109VOREBIBE! i ndST,- cz.p,.'{”‘hﬁggmﬁ for the rear end cHSTEBYMPLh is
formed from t he |njedte p tic. | The connector insert 106 is

di sposed al ongsi de t he rnnr'nnrf-nn 1H0+so g5 to forma connector 41

(FIG 1) that is integrally formed with the 10  rear end cap 25.
The nold fixture fursier Mhel sdestxicaldmeitorl@f claimt RAL wherasnrthd

through the Centg%n%hetnﬁec%tpatig an_inj e%%&%@h)blhﬁdf P&E&sfz'i‘é fn@ir%

cylindrical bore |aneter

. nan rel, has sl.i.gh e
than the 15 P&Wa&ﬂl a party P&g’é&ﬁﬁ pass, §°d§FPﬁEdeB9 £AR
i nwar dl y prOJecEmmgh&tahmwﬂmq(&;Hihrxmhema@popmosudwageaformed direttly

cylindrical gap;ipg g? il hadastic flows to cover the pole
teeth. (See Alsé Flgg 2 Tﬁé mandrel 110 is secured in registry
bet ween the front and rear end 20 portions 104 and 107 of the nold

fixture, and, in thisai. Themqﬁeatr@mmﬂsnmmmpebfahhgdmenv oWhekeinetheal.
bore within | statst Yeditatiii iabe a plurality dse 1h8ra1gt ehciagem! v

27 is secured wt
stator poles, each of the poles having a plurallty of

inwardly facing teeth separated by gaps, the plastic
mass extending into the gaps. ' R

32. The electrical motor of claim 30 further
including magnetic inserts in the gaﬁs,"the'plastic mass
in the gaps serving to secure the inserts in the gaps.

33. The electrical motor of claim 27, wherein the
molded rear end cap encapsulates an insulator insert
that substantially surrounds the stator poles, the
insulator carrying the stator windings. '

"34. The electrical motor of claim 27, wherein a
matrix of conductive pins are electrically connected to
the stator windings, and the molded rear end cap
"includes a connector housihg integrally fbrﬁed-of
injection molded plastic that is disposed around the
matrix of pins, the housing adapted to receive a mating
connector. : -

35. The electrical motor of claim 34 wherein the
electrical connections between the conductive pins and
the stator windings comprises fusion welds securing the
pins to the windinqs. '

36. The electrical motor of claim 27, wherein the
front end cap is integrally formed of injection molded
plastic. - : :
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nol d fixture,

pressure is applied to the fixture, and 25 IMIH&'I&UB@ME’L
| s_inj ected under—pressure | Nt o—ehramel g T08— The ch i
nolten plastic to the chanber 109, which it fills to define the rear

end cap

25. The nplten.plastic_flows under pressure throughout

ot her partﬁdgéaigbe st at drTiassenl y;is$ @GENcl ng the space 30PCTUSHMIR \cen

annul ar chanber

stator poles (FIG 6), tjhe anghgrﬂhgjes 69 and pilot holes 80, the
112 defiTmed—ty +Re~Hront end cap, and the cylindric
stator poles 67 and th3mandrel 110 to form runner

gap between the

(FIG 15). Once the assenbly cools and the plastic has, 35 solidified,
then the mold fixture3?s rEheySdectricale motor qfy Glaim Leseharainothe
assenbl y pr@w(nplasﬁeeclsbadthermopmusu£BHIXyipndcessible ra¥fh96/ 31936

PCT/ US96/ 04723

It is

worthwhile to note that the injection nolding operation is a
relatlvely rapi d nanu;geturhggegpsggggal motor of claim 27, wherein the

" plastic is a thernoplastically processible resin

selected from the group consisting of 6,6-polyamide,
é-polyamide, 4,6-polyamide, 12,12-polyanmide,
6,12~polyanide, polyamides containing aromatic monomers,
polybutylene terephthalate, polyethylene terephthalate,

' polyethylene napththalate, polybutylene napththalate,

aromatic polyesters, liquid crystal polymers,
polycyclohexane dineﬁhylol tercphthalate,
copolyetheresters, polyphenylene sulfide, polyacylics,
polypropylene, polyethylene, polyacetals,
polymathylpentene, polyetherimides, polycarbonate,
polysulfone, polyethersulfone, polyphenylene oxide,
polystyrene, styrene copolymer, mixtures and graft
copolymers of styrene and rubber, and mixtures thereof.

39. The'electrigal motor of claim 39, wherein the

~ plastic further comprises a filler.

40. The elcctrical motor of claim 39, wherain the
plastic further conprises a reinforcement of fiberglass
or carbon tiber.

41. The electrical motoer of claim 27, wherein the
plastic is a glass reinforced polyethylene terephthalate
thermoplastic molding resin.

42. An injection molded electrical motor assembly
comprising;

a rotor assembly having a central rotor portion on
a rotor shaft, and a r@tot.bearinq disposed near each
end of the rotor shaft;
| a unitary stator assembly including stator poles

al
98

and means for magnetizing the stator poles, a front aend
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and the subsequent cooling operation is Iﬂlmu "Iﬂ MMJ pondingly fast. In
contrast to prior nolded 5 not ors whi tmo cure cycles

in an oven, according to the present i‘nvéntion, the nolten pl astic
which is injected into the—fptef—at-—a—very--high tenperature begins to
cool al nost inmmediately. :ﬁbﬁiﬁy‘”?“wqiﬁﬁﬁbr conpl etion of the in ectlon
cycle, the WP33IP®¥6 has 10| codlsdA8EBficiehtly to solidify®? ’@f?@b‘

occurs, the pressure onm The morda 15 Tel eased, and the notor can be
brought to the next station for a subsequent operatlon and will cool
in the interim There is no need for oven 44 curing of the internal
material, sinmply e =N 0ol ss afte
'solidification, geigt ﬂ’%%ti%ié su sequen%‘gpoeir;?’l‘ongg'ﬁ‘g‘ﬁagg"ﬁePFBF#ed‘“ﬂ a
typical 2 R y%m&am meuher: gompris g oa 'épttaanrdindaetion |

cycle) its reg;mﬁﬁotmw lastid HdLs vurtitt tﬂﬁa?ﬁ%rﬁ@iam encapl gt the
process taug nature o e ctio et ween
terninating ends %?‘?ﬁé<ﬂ%ﬂ‘ ¢¥§ V°£g 18nkke: 8Fa%ex.al so
worth noting. ThShexebw nmimimq@ne staqpmmewryateneapusuepﬁaahure

ﬁgefgslSahgcggpahkhh?ding thdﬂ%a ciycurt boardgﬁlfciﬁlaggggghaﬁggé
the past would r& &b‘l’ !'geap% q‘&i;tﬂ%’l akion BLAck opResite t?‘enGEPthemi
~conpatible with €spgciandg nol d| ng t enperatures. Thus,. special printed

circuit boards mnth f u r
w t hstand 30 ctbl.oarfi te qﬁzﬁluﬁqﬁ%# hbgné QQ& Qgﬁr end
In the practice P gf Qh A Size sutticient to receive

the ccntral rotor portion. the bearing support gsurfaces
defining nounting surfaces in the end. caps_ for receiving

- the rotor bearings, the rotor assenbly being carried in
the bore formed in the stator assanbly with the rotor
bearings angaqing the nounting surtaccs in the end caps,
an air gap being defined batuaen tha eentral rotor
portion and the seator lanination stack.

43. The electrical motor of claim 43 in which the
mounting surfaces are nachinad surfaces adapted to
" receive the rotor bearings.

44. The alactrical motor of claim 43 in which the
mounting surfaces are of a size adapted for interterence
fit with the rotor bearing when the rotor bearings are
pressed into engagement with the mounting surfaces.

. 45. The electrical motor of claim 43 wherein the
unitary stator assembly includes windings on the stator
poles serving as the means £or magnetizing the stator
poles.

'46. The electrical motor of claim 43 wherein the .
unitary stator assembly includes permanent magnets
forming the stator poles, the maghatic polarization of
the permanent magnets providing the means for
magnetizing the stator poles.
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difficulties are avoided by the use of netal pins which
wel-ded—di+ect | y +e—the—term nat i ng—entds—of ——the coils.

WG L

elimnates the need for and 35 cost of the printed circui't boat d," bt

al so provides a secure nechanlcal and el ectrical connection mhlch S
WO 96/ 31936v0 96/31936 | Tiim en - PCT/ US96/ 0#¢aRS96/64723

28, entirely conpaﬁlble“'ﬁth LﬁédF@ eratures and pressures of
the injection nolding précess Forl ASE it will also be noted that sone
but not all of the advant ages nmay be aalsi eved in certain nodified 5

constructions of the *?ventlon For exanple, in | ow
referring to FIGS. 16
35 can be nade tbearing asupportdaiurfacecfiosehecFrbatr aRd

cost nmotors and

RABGERIcal moterafeciaipn 43hwhensin theap

g K pear i ng

surface 32 of thfa%gﬂgthyidéﬂi :44n'§héﬂﬂéf§iﬂ&egu59%%e sur acer¥oén¥ﬂg

tor 1s on th

bearing wear in
rear end cap.

48. The alectrieél_notor of claim 48 in which the

bearing support surface for the front end

cap continues

into a smooth bore formed through the central bore but

terminating short of the rear end cap,

a smaller

diameter bearing support surface being formed in the

rear end cap.

49. The electrical motor of claim 43 wherein the
Plastic is a thermoplastically processible tesin
selected from the group consisting of 6,6-polyamide,
6-polyamide, 4,6-polyamide, 12,12-polyamide,
6,12-polyamide, polyamides containing aromatic monomers,
Polybutylene terephthalate, polyethylene tereﬁhthalatc,
polyethylene napththalate, pPolybutylene napththalate,
aromatic polyosters, liquia crystal pelymers,

polycyclohexane dinethylol terephthalate,

- copolyetheresters, polyphenylene sulfide, pclyacylics,

polypropylene, polyethylene, polyacetals,

Polymethylpentene, polyetherimides, polycarbonate,
Polysulfone, polyethersulfone, polyphenylene oxide,
polyltyrone,jatﬁrene*copélyner, mixtures and graft
copolymers of gtyreﬁe and rubber, and mixtures thereof.

50. The electrical motor of claim 43 wherein the
Plastic is a glass reinforced polyethylene terephthalate

thermoplastic molding resin.
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beari ng, and thus econom es df producti on can be achi eved by

utilizing a smaller bhearing at the rear of the shaft. That —— ..
arrangenent is readily adapted to the i nvention, except that the

formation of the central bore 15 of the stator is nodified. A further
alternatiw@ogﬂggnsiIlustrated in these figures, as will be desgicbdaaths N
I

greater detai elow, is the application of the I nvention to
different notor types. The notor of FI o 16-18 is configured as an
I nexpensi ve universal notor, 20 rat h&r' "t han as the stepper of the
preferred enbodi nents. The stator assenbly is shown in FIGS. 16

and 17 as i ncl udi ng a cylindrical
structure 151, 152. The pole structure j
t he body 150, or alternatively, can b¢
153, 154 serve to magneti ze t h&
I'ow cost notor of FIGS. 16-18 it
caps by injection nol di ng. 79
mounting 30 holes 156 forned tq/ servgjth
flange, is formed at one end of )

157, preferably having an el ectri}

posi ti oned atfgh t her

in FIG 35 ,iz;;l sticéﬁgs ,
exception of a cylindrical aperture
the rotor. The plastic nass extends t

e body, 150 having a pole
érmed 20 as a part of
ached to tr; body. W ndi ngs
Z (59 / In the

i .of t he end
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29 —the—end—eaps—1t56; 157 and—+n—the ilt+ustrated enbodi nent———

actually forns both of such end caps. It will be seen that the plastic
mass 160 encapsul ates the w ndi ngs 154 and fills all of the avail able
voi ds wi t hiwo dérmess at or 5 body 150. The rotor $ermwsdsingraot or
is.shown in FIG 18. A central cylindrical portion 170, which is
illustrated in the drawi ng only sd@fd@atically, forns the nmagnetically
active portion of the rotor. It is positioned on a 10 central shaft 171
I nternmedi ate a pair_of bearings or bearing surfaces. As in the prior

enbodi nent, a beat\ vel y |arge diameter bearing 172, which is of
about gkt er as the rotor po Lan 170 (

slightly | arger~ha e rotor portion) is po 4‘?014%1 o]
t he shaft. The secpnd end of the shaft in t he F

sinply machy interface with a
associ ated Aagggeggggqgf en thzzgptor i's confl uugdgggga
LAY . SAHAK
CMSER7STATOR),. _ _ ppsr | 1 .l
U masners - o5 - - N sy
L~ - _ - | ASSLAMELE
HELUATE w.rwufdmf /02 6.,[,}!;@
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notor, the central portion of the rotor 170 will be 20 formed to include
a comutator for interaction with brushes positioned in the stator
assenbly. Al though not illustrated in the draw ngs, the universal

not or al so has brushes in the stator to function with a conmnut at or

on the rotQr. The brush hol der description contained in 25 - the:.DC notor
descriptio ??ﬂq§§6 19-20) also applies to t he not or FEITESOHE4T23
FI'GS. 16, 17 and 18. This is not 3/¢tvown in order to preserve clarity,
and to focus on the potting aspect of the invention.

Turning attention again to the stator, it will be 30 seen that the bore
161, as best seen in FIG 16, is continuous fromthe front. end cap
156 t hrough the central portion of the rotor, but stops short of the
rear end cap 157. A bearingfBunighg surjgee 174 is 5.2 formed in the
front end cap 156 for suppogting fthe 35 bearing 172* The rear end cap
157 has a snaller 0 serve a bearing support.
Posi tioned in the aper . 176 ch . - WD 96/ 31936
PCT/ US96/ 04723 _ - : : :

! : >,
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30 interfaces with a machi ned surface 173 on the rotor shaft

toformmrabeari ngstructure for TheTear end of—— — . the Totor —shaft=

While the central bore is thus st epped, the notor provides the
advant ageous features of 5 t he i nvention, including at |east one

I nj ecti on MOWOSE31936 end cap, with that end cap having a beiwusysmampor t
surface forned therein for support of t rotor shaft. . The stator is
encapsul ated with an injection nol ded to provide a snooth bore,
good heat transfer and 10 di ssipation, and a sturdily unitized
stfucture. El ectrical connections g;n be nmade as in the prior

enbodi nent . A nunber of alter

ves are al so available with
ity 15 of

portion of the bore

4ihNg support

E ' Wsuch as a

d th t
QEFin _? ro &?%ace

t his notor configuration. Anong s :
elimnating the honing or |appipdiiof the c@h
161, and in sone cases, the mac hi gt '
surfaces. Thus, in sgie. appletath ohs,
uni ver sal not or wher e tﬁr i ze ofl t e g

and the poles of the stgrOr is npN\ SO 4 0
179 of the central porjfon of/ NG t in 'ts "as
nol ded" configuration th\‘; add t Ia- n. .or \honi n§. Thus, the
only . machi ni ng dper atf ons: i ch n1g perfo Jed ake thflse 25
whi ch formthe bearing support surfaces 174, 176 in the #specti ve
end caps 155, 157. Thq use\af_Z¢bushing 1Xk5 _ S\_ P
= — _ B . .‘:”' 42522
- < - é8a
é&a




also illustrates a further
surfaces need not be machi ned. Thus, in a

alternative in which the beari ng support
the surfaces 174, 175,

particularly I nexpensive 30 notor, can sinply be nolded to an
appropriate size, and beari ng nenbers press fit into the nol ded
apertures Bushi ngs such as the netallic bushing 175 illustrated in
FIG 16 c?ﬁ?%@lf@ed or polyneric bushings can al so be P 3t he
same way. This structure is particul arlgf4185 advant ageous for a very | ow
cost notor such as a notor whi ch m ght be used in autonotive
applications for seat positioners or the like. That formof notor is -
al so WD 96/ 31936 '
PCT/ US96/ 04723 31 better

DC not or of

| nexpensi ve construction > of press fit bearing
structures, such as preoe2 BRI C bearings to reduce the
manuf acturing costs of Z Z 2.
' Z——

epresents a
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FIGS. 19 and 20 show an alternative configuration which is like the
eartter—atter nattveTtHe provistomr— —-of—beari ng surfaces—t+n—the -

respective end caps of different size, but which differs fromthat
enbodi nent 10 in the electrical and nagnetic formof the notor. The

not or of FMVB8%96/A193@&nd 20 i s a pernmanent nagnet notor. PETUBIERIRT23t he
pol es require no w ndings, and the Q@Er manent |y nagneti zed

pol ari zati on of those notors provi t he neans for nmagnetizing the
pol es. 15 Turning to the drawings nore specifically, it wll

bé seen that the stator is based on a stator body 180. As best shown
in FIG 20, a pair of permanent nagnets 181, 182 are attached or
affixed to the body 180. The y of FIGS. 19 and 20 can be forned
with a metal 20 front and cap gy 28 | ection nolded front end cap, as
desired. In order to reduce g%%gfy oW 19 and 20, the
front end cap 183 is injectreZzZEE Z e, gaf end cap 184. A
nounting flange with _ Z 7 s end KfAp 183 is shown

at - 185. 25 As in

plastic nmass 187 is forng e

pol es and the magnetic # !//%?/

body, forns at |east t @ gf :
/ 5

st i on nol ded
Y encapsul ates the
voids in the

7
;%//z;"/

front end 30 cap 18] wa/y. & Rfuse of short

| ocating pins 190 whic éZ/%% 2F ! of the

stator body and serve & ,4%7, NN fass éﬁ?er It

solidifies. ‘WQA? L ”\]Eya » tor, and
1L ~




35 thus the rotor requires a commutator structure Il lustrated at

192. Brush holders 193, 194 are permanent|ly fixed in position in the
“plastic mass during WO 96/ 31936 . .
PCT/ US96/ 04723 32 the injection
mol di ng pr As is conventional, brush hol der caps are provi ded
to all ow r‘&?@?)@f”ﬁf brushes 193a, 194a for notor nai HE&’HM?”WH ng ,
195 is shown schematically as co@AHting the brush holders to a 5
connector 196. Thus, the entire brush structure is permanently fixed
in position along with its wring during the injection nolding o
pr ocess. The notor of FIGS. 19 and 20 al so shows the
i pl enentation of cost reduction by neans of a reduced 10 size rear end
cap bearing. Thus, the front end cap 183. . has a bearing support
surface 200 forned therein which &# abouyZ/the sane size as the
central bore 201. The ), R
|2
' L 77
=4
7~ FIG, |2
[ Nos
&f W’
1 )
f/ /4
11 737
74
&7
85

FIG. 13



rear end cap 184, however, has a smaller dianeter beari ng support
sa%#&ee—%&%—%efned—fherern— Rotter—i5— bearings ctoul d be uSed as the
bearings in the front and rear end cap. However, for the | ow cost
version, the notor of FIG 19 preferably enploys bushings press fit
into the bemovespssaipport surfaces 200, 202 and engagi ng PCTAI59610472%
sections of the rotor shaft 206. Pre (?bly, 20 t he support surfaces
are injection nolded with sufficrent precision and adequate finish to
al l ow t he bushings to be press-fit into position w thout the need

to first machine the bearing support surface. In all of these

al ternative enbodi nents, the stator 25 of the notor is injection nolded
as. has been descri bed - in detail above to conpletely encapsul ate the
pol es, wi ndi ngs and other materials in the stator, and to form

a snooth bore through the center of the stator. 1In one enbodi ment,
the major length of the bore, that in the 30 region of the poles, is
sinply that which is formed by the mandrel in the injection nolding
fixture, and only the bearing surfaces in the front and rear end caps
are machined. In the alternative enbodi nent, a snooth bore i's
machi ned through the front end cap and the pole 35 section of the
stator, and a second snmller dianeter bearing surface nmachined in the

rear end cap. In § ~TUriner alternative, no machining 1s require
{ he at’ )
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4
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33 bore_or the bearing support surfaces. In all cases,

however, the central bore which is presented to the rotor is a
substantially continuous mass filled by the i njection nolded potting
materi al, @Eg‘,s ¢fact that the 5 - stator is filled with such materi al
provi des enhance properties such as thermal conduct iP\ﬁrf‘!ﬁP"“"’”

It will now be appreciated that what BAY been provided is a new and
reliably assenbl ed el ectrical motor in which the stator is assenbl ed
from 10 substantially unmachi ned parts. After a |lamnation stack -
I s assenbl ed, insulated, wound and term nated, an unmachi ned end cap
is disposed at the front end of the | am nation stack and initially
secured in register to forman internedi ate assenbly. Once the

I nternmedi ate 15 assenbly is secured, it is then nolded to forma rear
end cap and integral connector, and p neRtly locks in regi ster
that which had been initially secu . An i nternal bore is-then

machi ned to produce a straight ' snoot b_uni rrupted central bore for
receiving the 20 rotor, forms bearingsz=facés in the end caps. A
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FIG. 15



previ ously assenbl ed rotor assenbly is then inserted into the snooth

-bore of the—stater—assenbly, seetted—in ptace; and t he not o —after
magneti zati on of the rotor, is ready for service. 25 The
f oregoi ng description of various preferred enbodi nents of the
I nventi on tassssasss presented for pur poses of il ustr arCTSIEN4r23
description. Variations are pogeyfd e within the scope of the appended
cl ai ms. - WD 96/31936 . : - _
PCT/ US96/ 04723 o 34 within the
seope of the invention as determ ned by theg_ appended cl ai ns when
interpreted i ASggcor dancas gt th/glge /55~ Afgadth to=MykR they ar airl
| egal |y, and | Itled. .5 - qm] R | 431?
7, - ] " - ]
<= 179 | 152 175
/60 | = ) |
/52 /54 s __l o
FIG. 17 2T FG e
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VWHAT IS CLAI MED | S: A net hod of producing an el ectrica

not or 30) conprising the steps of: constructing a rotor
assenbly (22) on a rotor_,haLL-AQ =100 I ﬁ §quLy havi ng beari ngs
(23, 24) di sposed néar" “thé“dnds-or-t he' T(‘)t’br "s‘h“’aTt 150) ;

formng an internedi ate stator #858Abl 97(2A3=DJATION assenbling a stack of
stator | am nations (27) having stator poles, insulating the stator

pol es, and wwapplng 10 the stator poles with stator w ndings;

placing the iR i : T into a nold fixture that

i ncludes an internalz:caw tyr shaga ~to define a rear end cap (25) for
the stator assenbly (21) and a . __mandrel proLectng through the center of
the internediate 15 =-5t &t°0r°“aSsendFy “t5°f oFnf'a g et ra® e' ) i
unitizing the=z ﬁhaitﬁf=a‘581§ﬂbf|:ly_iﬂ) day d Mjadntiicagion wabhb@na‘tdaefarmmleaist iC
resi n under pressurc IQL é@g R faxg#Lg> gvhereby the nolten plastic
is forced intd Che> ernedlaté st or assénbly (21) to encapsul ate the
20 stator mnndlngs‘“"’ - o LIl the nold cavity to
forma reg end cap (29a3 g Qgkkng, 595 868 B Na 239! kdi Ly the

taces Pat8
nmol ten plastlc into a pIa t|c nass t hé p astic nmass extending to and
: o Marshall et al., both assigned to an

he prssent invention and hareby incorporated
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oy refersnce, describe an electrical motor and

faprication .method Zor achieving precise bearing
15 registration of an intsrnally disposed rotor assembly.
As described mors Zully in the aforementioned references,

an electrical motor comprising stator and rotor

y utilizing a potting compound

]

' )
[0
n
}J
0
th
Y]
U
H
l 1]
Q0
1]
ot
(/]
jo R
o

assembly and provide improved
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0 both uni

“Unitced States Patent 4,015,154 to Tanaka et al.
describes a method for making a molded motor having a
first laminated ring plate and a second laminated ring
place molded into a motor body with a resin composition

23 composad cf a mixturé of thérmosetting resin and
thermoplastic resin. It is noted that a molded body of
thermoplastic resin alone is apt to be deformed due to the
lack of its heat resistance, and hence such a resin is not
suited as a molding material for a motor or transformer.

30 Patent Abstracts of Japan, vol. 8, no. 226 (E-272),
and JP-A-59-1068564 describes a lead wire drawing method
for a molded motor to prevent a molding material from
leaking externally from a molding die. A sheath is

deployed around the wire and interposed between the

(98]
W

opvosite peripheral edges of the mold.
Patent Abstracts of Japan, vol. 5, no. 167 (E-79),
and JP-A-56-94952 describes a method for reducing the

.amount of resin needed to produce a molded motor by

N&ﬂDd3SH£E



including the formed end cap (25); 25 > machining a continuous bore

(30) through the center of the nolded stator assenbly (21) to produce a
concentric bose far, Lhe rotor -asgemdl y62¢) . -Lhegbore oo .: 2l produg ng
nmounti ng surfaces (3T 32) fof Tecéiving the rotor” assenbly Bearings

(23, 24); and:BEEnated SHARNS FFthe F6LOFIH558nMBEYS (223 T4dd the stator
assenbly (21):hy-ddseiddng Ahe -f 0ot ~gssenbl y: £22) kb 02z ur= e GONntd Nnuous
bore (30) and, en aq:i‘nng‘ the rotor bearings _. LZ?, . 24) _with the nounting
surf aces (31,‘%ﬁ§% fanh the LTRerRraTRePRod Bl “EF A TF 15 Wer ei m% he ol d
fixture 35 Iinoties:imcdinrectz=or: becrised patti oA, sasadnbher nedhothe
further inclugﬁsathg_gyeg,pf,ngggsiagstQQQA

36 connettor ¥ 6riiHg portion i ntelatron-t & ihe hold cavity » t hat
forns the reasard Wap (25 Zsg@eckatcit hbeunttEzi hg step forns a

pl astic connector (41) that is integral with the rear end cap (25)

3. The nethod of claim2, further including the step of providing a
plurality of conductive pins (94) and el ectrically connecting the

conductive pins to the stator



wi ndi ngs, and further positioning the conductive pins 10 wthin the
connector formng portion of the nold to provi de proper alignnment of
the conductive pins with.the O (A1) ome wmien 4:-- The nmethod
of claim2 further in€l aa%’ﬁg'th““”%‘p&gﬁ%pgs % provitai g8 pf ural TV of

conductive pi mEf{oiyncly addrsisenthel denget hedesriad weqyienswE93e to the

st at or Wi ngli nass §,00-4 il BEnEechansfal saRh &l M it alhe morGANNEct ions
therewith, and fi xi n1gy the pins (94) in .. posi] ti_‘ohn by flow ng nolten
plastic under PFIRME FDHTFSF 2PheeprrsPed Yheérd e "f 3GM { Fzing.

5. .The netshodrofestdrdas .1, wherein the formng step i ncl udes stacking

stator | am naté_(,_)rpgai 27a) _hn%viTQg_agLi. ned anchor holes (69a), w nding the
| am nati on st 25 or- ings (73), and positioning a front end
cap (26) havi ng prl stefobestii80jordgamed \ict Bst hecahvhoy aix 4l es (69)
in the laninatél -égéﬁz invention tg'siﬂ.ei tJHE"Hhé?éﬂyﬁ échwgggegn the

nolten 30 plasticin the unitizing step 1Tows through the anchor hol es
(69) and into PPt MGILET @SSPTBLYt fad ekrbrigprtion method, zhanthe

met hod of gl ai s igwddiding thewatep of .

Ancther ckject of the present invention is tc

provide an slectrical motor assembly having improved
thermal characteristics.

In mere detail, it is an object of the presexnt



inserting nmetal fasteners to secure the front end cap to 35 the |am nation
stack prior to the step of unitizing. . 8. The net hod of
claim1l1, wherein the formng step, .. i ncludes inserting_an insulator
into the internedi &€5- 2 &tator asSeIbIFFSE aSTFES5uPFdthe tde <t%at or

pol es, and mclBEAappEnNg &ltes sdadror hdidigh@Foa¥et-é herdmatdeal arizh

o The methad. of chal m8 .wherelp g mobten, ) o PLastledndhe,.

I e o e

¥ z be S2aall e, i1 2
unitizing step s formed So asto . -° encapsura%‘ebfhe“1 nsul a _
pol es, and st atofed plagihdimRserial) is forced inde amhecyaMived iof téleai m 1,

wherein the Wh&gg-toozﬂlgééép dd-dhe w4 2bng sheRgls: fr mpd Semas to
encapsul ate the stator pofées and stator windings andto . forma front
end cap (26) SppdSFEREILREMAETRCend® QAFE25) Supsequent noning ofrk&enet hod of
claiml, furthgtsbAckyding dhesuces o el Boiranimeldi ¢y wthldtadldty of

conducti ve pins 4) to the stator w ndings.. . . .-
P cesth agg %agne:s may de exposed,ngLded plastic maceriadl

eSSl
alsc forms a paxt cf that smooth bore and assures the
10 helding cf the enhancement mégnets in place in the
intexr-tooth gaps.
The rlastic material between the teeth also serves
an important purpose for non-enhanced motors as well. In

most machining operations, including the preferred
a

13 diamond finishing cperaticn, material is removed from the
scatcr testh by a tcel which is constantly moving in the

relatively high rate. It is

a
notad that using the preferred diamond f£inishing

e e
20 about 650 rpm and arm advance rate of about 7.87 cm (20")
'backing material between the tesath,
particularly with high speed cutting, the shearing effect
of the tocl against the unsupported tooth would tend to
distort ths tooth ~railing edges as material is sheared

face. Injection molding of the stator in

9
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H
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such a way that all of the inter-tooth gaps are filled
with high-strength plastic prior to machining puts a
layer of backing material between the teeth such that as
the tool removes material from the tooth it is supported
30 by the backing material in the gap and does not distort
or shear in such a-way as to deform the edge as the tooth
is machined. The result is very sharp edges on the teeth
substantially free of distortion, and such sharp teeth
contribute to the uniformity of magnetic paths through

the motor.

[93)
(9]

Having been briefly referenced previously, more

detailed raference will now be made collectively to



20 o e oo b of claim 1t uhesgin the plastic 1 AR

the plurality gf.<condysti-yg~ -g.pins. 25 13. The net hHod °of ‘cl &ind *
1, wherein the stator . lamnations have a plurality of inwardly facing

st at or pol es, each polTHEA FF IPCHCaREt profpoteitebtio(®By) 20)
separated by gapsr:andd rhshiseBokhe=npolten plastic encapsul ates the

stator assenbly in csy_g:ch_g way as to 30 deposit plastic in the gaps between
the stator teeth. ©°75-4C%=3E) 2 FReTefREE™6FYcl 42 AT 3 UWFRIRT E&iysri sing

t he st ép ofsYrovingi npras thestheynppl-assisad gy ogessizalye resin, a
resin sel ect ecgﬂ‘srccygewgaggoupacgnsi:sggng.ﬂgfwgl_Sov 6,.6- pol yam de, 6-pol yam de,
4,6-polyamide, ~ 12,172 poly~am de, 6, 125 pot yani d& - polrari des contai ni ng

aromati c nononers, {OTRANE Wredeceareghrheal astefor assembly (21) by
assembling a stack ¢f statcr laminations (27) havin
stator pclses, insulating the stator poles, and wrapping
10 the stator poles with stater windings;

placing the intermediate stator assembly into a mold
fixture that includes an internal cavity shaped to define
a stator assembly (21) and a
mandrel projecting through the center of the intermediate

Zorm a czntral bore (30);
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unitizing the stator assembly (21) by injecting
ic resin under pressure into the moid
fixture, whereby the molten plastic is forced into the

to encapsulate the
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20 stator windings, f£ill interior voids, and £ill the mcid

cavity to Iorm a reax end cap (25); .

cooling the assembly to solidify the moltern plastic
into a plastic mass, the plastic mass extending to and
including the formed end cap (25);

25 machining a continuous bore (30) through the center
of the molded stator assembly (21) to produce a
concentric bore for the rotor assembly (22), the bore
also producing mounting surfaces (31, 32) for receiving
the rotor assembly bearings (23, 24); and

30 mounting the rotor assembly (22) into the stator
assembly (21) by inserting the rotor assembly (22) into
the continuous bore (30) and engaging the rotor bearings
(23, 24) with the mounting surfaces (31, 32).

2. The method of claim 1, wherein the mold fixture

includes a connector forming portion, and the method

L
(v

further includes the step of disposing the



pol yet hyl ene terephthal ate, polyethyl ene;pnapt ht haI at e ' pc“““llt"tl"“lﬂ"l'l " |“|

napt ht hal ate, aromatic pol yesters, |iqui a ysta

pol ycycl ohexane di net hyl ol ,.5_ terephahal at e, oI_yet herest ers i

pol yphenyl ene“BUTTrde, ~“ " pdi Ya&yriCs '“pol"’y?pr% Pyt ene:® po1‘y‘et:hyl‘e'ﬁe

pol yacet al s, that pbbymetiid pestreses pebyeélberi s dessc m}iq/car.h(irnt*e'

pol ysul fone, polyeibiaisul ihne.: RoLYARSRYLENE. OXI dea: +o PAINSLYr e,
styrene copol yner, m xtures and graft 1 copol yners of styrene and T ubber,
and mixtures EPRreRAr =d caz {25'35.  The method of claim 14, further

conprising the step of addlngtotheresmaflller 15 16.
The net hod of cl ai further org:)rl i.ng_t he $ f’f addi ng to t he
resin a reinforce nt of"?l%‘e‘r'gcf & claig 2carboFr‘?T be S=2g T2 17 The

net hod of cl asmed,of yrtdherdicgmar pdurglibe @0 cetdypcufvermvidi(vg)asihe
plastic a gl agﬁe(g:ell_rg qr-c&;q: -:necﬁ‘?.BX’ELHé' ngdﬁg_rg\pgtnq_lsatqi t_her erpI astic
fod © ~“m

mol di ng resin: produci mg an e eCtrical™ ot or
conpri si ng t helndapss ofand@Furcher posstiovirmgthe ranwtugdssentdiys(189) on a

rotor shajt ;i:¥dylohe tdnrRLQr agsaﬁrhgypa_b_&g @eaméﬁ% zadapj ed for
provide prcoer alignment of the conductive pins with the
connactor (41).
4. The method of claim 2 further including the
15 steps of providing a plurality of conductive pins (94),
fusicn welding the conductive pins {94) to the stater
windings fcr forming mechanical and electrical
connections therswith, and fixing the pins (94} Iz
position by flowing molten plastic undex pressurxs ar ound
20 the pins in the step of unitizing.
5. The method of claim 1, wherein the fcrming stes
includes stacking stator laminations (27a) having aligned
anchor holes (6%a), winding the lamination stack with

stator windings {73), and positioning a front .exnd cap

(8%
hh

(26) having pilct holes (80) aligned with the anchor

holes (69) in the lamination stack.

6. The method of claim 5, wherein the molten
30 plastic in the unitizing step flows through the anchor
holes (69) and into the pilot holes (80) of the end cap.

7. The method of claim 5 including the step of

inserting metal fasteners to secure the front end cap to

(93]
wn

the lamination stack prior to the step of unitizing.



support by bearings (170, 173) Iocat éd negr, t he ends of ‘ Hl |HL“!U"||I "l“l
s *

shaft; formng an internedi ate stator assenbly (150) ha

pol es (66) and neans for qgggguzclin -30._the st tor Qol es; pI acing the
internedi ate stator asserrbr‘y“l nto Tt o f "REGFE™t B3R THETiRES P
I nt er nal cavrtydshapeseIvitrfimd s uiearrendtcaphé o:rn:fdrm@i_&th

assenbly and asprpdrelsprpbecting d hrough thescepte -
i nter nedi ate stsator assenbly to forma cen%)pai:1 greét% l?rﬁlt'I:ZI r?g‘ct he
stat or assenbl J~By® i-‘ﬁ?ec*t"r‘ mF It e gliggs overy Bhef rewdadwr nmopl astic

resin unders pressure into the nold fixture, whereby the nolten plastic
is forced into éhe in%ermech (ge , i 39
stator assenbly to @ncapsifate-tHe YcdGimélegherein| the moktazeri or voi ds,

and fill the nplasctiwiiy tie formizimgastep ienfoehgd (58S to cool i ng
the assenbly tgo, fyat ! | ast no a plastic mass, the
Cfstidde i TR bS5 35 ol nfHE AReE AT, he

pl astic mass form‘ng a central n f or med
rear end cap vigd5EsSand a separate from end cap (155) having a flange

for nmountipg the notor on a surface; form ng bearing support
surfaces (174, 175) I n the 10 end caps, t he bearing surfaces being sized
to receive the 7 10. he mecthod of claim 1, wherein the molten

plastic in the unitizing step is formed so as to
encapsulate the stator pcles and stator windings and to

form a front end cap (26) opposite the rear end cap (25).

11. The method of claim 1, further including the
step of fusion welding a plurality of conductive pins

(94) to the stator windings.

20 12. The method of claim 11, wherein the plastic is

moldad tc form a3 resar end cap (25) having an'in*eg*al

connectcr that rrounds the plurality of conductive
rins
25 13 The method of claim 1, wherein the stator

laminatiocns have a plurality of inwardly facing stator

o -

oles, each pole having a plurality of pole teeth (67)
separated by gaps, and in which the molten plastic
encapsulates the stator assembly in such a way as to

30 deposit plastic in the gaps between the stator teeth.

14. The method of claim 1, further comprising the
step of providing as the thermoplastically processible
resin, a resin selected from the group consisting of

6,6-polyamide, 6-polyamide, 4,6-polyamide,

(93]
w

12,12-polyamide, 6,12-polyamide, polyamides containing



bearings adapted to support the rotot; andg nount i ng L||H“lm||ﬂw!“|||"||ll
s

assenbly (170) into the stator assenbly (150) by insertin

assenbly (170) into ., the continuqus bote (16l)_ anhdﬂ enga ing the rotor
bearings 15 (AFF217%) M the *rodrti¥g® §% FarERr-n °E
40 1801 v sHtes et ok efohclallac 28 whdyethyldrme stagpofhalatsf,or m ng

bearing support surfaces §f ogs.a.).arger diaget 1 -Dearing ;suppart
surface in theTront % endé;: B "15'5)“ Q% dt gﬂg % He rear end (:1a‘l;§’0('(8i 57).
20. The met hoekwd=z} aqmqwrﬁn m—dﬁwcﬁ@hgtcep'* ¢Am6~h¥mm ng the bearing

support suif aces-dncludes 4 he i8R Rhearesc BB b Db Re s LOMiIGRYOUS

- Nt At ek A - A

bore (161) through the front en cap ang the entralh,bore’_b t
terminating sMRRIYARYIGIS+ tPe*-rY"e"ar‘cé(rr&n@apr’ E%)“Y o el i srral | er
di anet er bear i s@L sporiosivdace polvishRereat desd papycardbdridia),.

2E, T, Moo 6 €18 0 ) e SRS Mot D Shelady oV 0110 25

polystyrens, styrene copolymer, mixtures and graft

10 copolymers of styrene and rubber, and mixtures thereof.

15. The m=thod of claim 14, further comprising the

ste2p of adding zo the resin a filler
step of adding to the resin a reinforcement of fiberglass
or caxrpbon Iiber.
+7. The method of claim 1, further comprising the
20 step of providing as the plastic a glass reinforced
lens tersphthalate thermoplastic molding resin.

i8. A method of producing an electrical motor

ructing a rotor assembly (189) on a rotor shaft

o
W
(9]
0

nstc
(171), the rotor assembly having bearings adapted for
support by bearings (170, 173) located near the ends of
the rotor shaft; forming an intermediate stator assembly
(150) having stator poles (66) and means for magnetizing
30 the stator poles; placing the intermediate stator
assembly into a mold fixture that includes an internal
cavity shaped to define a rear end cap for the stator
assembly and a mandrel projecting through the center of
the intermediate stator assembly to form a central bore;
unitizing the stator assembly by injecting molten glass

reinforced thermcplastic resin under pressure into the

(93]
(9]

mold fixture, whereby the molten plastic is forced into

the intermediate



resin, aresin selected fromthe gr Ol-,lp consi sting of FHMH}HIF“HHIIIIIH“I
ya sy L M8

6- pol yam de, 4, 6-pol yam de, 12, 12- po‘l9yam' de, 6,12-po
pol yam des containing aromatic mononer s, pol ybutyl ene terephthal ate,
552~F& gﬁﬁ?ﬁa’r‘ét‘e? PHFIRT A En & “FaFEREREI &FesSpofybut yl ene
napt ht hal at e, iacemabkcvpObyesied s5ill HHL ni¥iStcakicy ~BOEXORIS, vaax
pol ycycl o‘hexaggddLgiét r(lyl:_g} . terepththal ate, copol yet heresters,
pol-yphenyl ene~sul frde, ~“pol yacyli cs, pol ypropyl ene, pol yet hyl ene,
pol yacetal s, 25 polpiétigykpenteasenbppl yetderidigesrpaloglcanbenate;c
polysul fone, paLyeLngl sulione. s pol#NeNM N AXledesorx: nROLYSLYLEDE,
styrene copolyner, nmixtures and graft - copol ymers of "styréné and rubber,
and nmi xtures PREReOESI. gEreniing Jpetwsmye thgt Ked™er &rRarne28, c&mrt her
conprising theis7; sh&paofepsovddlifngas drie Rbagtike;axdlagg seknforced
pol yet hyl ene ter eght hal ate ther r(_D(PJ astic nol ding resin. ~23. An
i nj ection nol 488 BPBRETTEat 2 TrotorCaEeMISNTEECS(20) conpri si ng; a
rotor assenbly (22fxokavhggbazeengrahpsetOrsyrfddezn 171,( 2¥p)0oR~axnet or
shaft (50¥ and.a rot orzl_lgeeakg-éanlgir(g%gur% e bedl spoied ,nggrreach end of the

r ot or Sha({ (36?;caps. ing sized ecelve tias

bearings adapted to support the rotor; and
mounting the rotor assembly (170) iztc the stacor
assembly {(150) kv inserting the rotor assembly (17!

¥
the continuous kore (151) and engaging the rotor ksarings

15 {172, 176} with ths mounting surfaces.



a unitary stator assenbly (21) including a stator Iam Il! l“ﬁ LU IIII

(27) form ng stator poles, stator wi nth ngs carried on t

a front end cap (26) p05|t|oned on one end of the | am nation stack, an_d
a 5 high strength piiSsischer PFzFhginehberheomist iSingtar of unitary

i nj ection nol ded-they méalvast:l suppstt $hbtaces kel antiaabky @nga,@sm ates
the stator poles and w nd __and, fI||S JYnterlor VoI d? Qf_ th
| ari nati on st &5~ 1% é‘fﬁ’?o“ SHAFRFZi HY the Stdtor Hs§6Rbl'y (’él)r““'the

pl asti c nmass 1t .e»etemﬂ*ng wocapd(E®¥ming a rear end cap (25) di sposed on
the other end of the lamnation stack (27) opposite the front end cap
(26); and ~ a conti nuous bore (30) forned in the stator assenbly
(21) through the fridht et &3 Cg6PL £heist i o MFiglmhvasiter Sfack (27),

and the rear engd-Gap (J%E) er.IBQ'lg suSOHtd mmemnhagngnavgnébr@-
surfaces in the end F‘ for receiving the rotor tgarl ngs 23, 24), the
r ot or ass SR IEDS) abé RG-Baf PREH YRR RP i e H5dr e SREPHE ©t he

stator assenblagatict encheapotng bﬁarcﬁ@sfﬂwm@dmeeza inEBtAYi 8Fostr f aces

in the enqocaps, .an @l__ar_vggp bQI ngé}ss) defi ned _tn"l’%%” tg%aientral r ot or

portion and t K& Sthior stHck %4. The

el ectrical notddrretesd azie|mr23g whppfem sumeface in the rear end cap
(157).

21. The method of claim 18 furcher comprising the
step of providing as the thermoplastically processible
resin, a resin selected from the group consisting of
6,6-polyamide, 6-polyamide, 4,6-polyamide, 12,12-
polvamide, 6,12-polyamide, polyamides containing aromatic
monomers, volybutylene terephthalate, polyethylene
20 terephthalate, polyethylene napththalate, pclybutylene

napththalate, aromatic polyesters, liguid crystal
polvmers, polycycichexane dimethylcol cerephthalate,
copclyetheresters, polyphenylene sulfide, pclyacylics,

‘polypropylene, polyethylene, polyacetals,

19
tha

polymethylpentene, polyetherimides, polycarbonate,
polysulfone, polyethersulfone, polyphenylene oxide,
polystyrene, styrene copolymer, mixtures and graft

~

copolymers of styrene and rubber, and mixtures thereof.

30 22. The method of claim 18, further comprising the
step of providing as the plastic a glass reinforced
polyethylene terephthalate thermoplastlc molding resin.

23. An injection molded electrical motor assembly
(20) comprising;
a rotor assembly (22) having a central rotor portion

w
W

(51) on a rotor shaft (50), and a rotor bearing (23, 24)

disposed near sach end of the rotor shaft (50);



25 front end cap (26) is fabricated -from,rret al and has pil ot U!Ill}l”‘ll\lﬂmlllm”“l
s %

(80), the lanination stack having anchor hHol es (69), the

extending fromthe anchar holes in the | am nation stack to the pilot .
holes in the front énd=--3T¥aF-Bo°FofRFPTasy i B¥i v@dUkhirghas8eaket he
front end cap 3am:tacibBe bastrnatipn SdAdkg stacor polbs, Thea®dectri cal

motor of claim23,..wherein the _  front end cap (26).1Ls fabricated from
metal and has Priof =- ~Roi es (8D) whiTH Al Y Wit h*ahthdr ot €25 69) in
t he | ami nat(Réh vPaékiondE catlechd snderel $he28pmingbitrdsBack t heraligh t he

pi I ot hol ess i nkgcahgtégeaea Dok esi & Qni 1 2 :SQC WebiBG ésmégeg@;nf@' cap to the
| amination stack?and  Tpreventing creep, the plastic Tass surrounding the
threaded fast eHBF82aKHd-T7 PFHHET tTRIGeDANemMPpdagtic resin that 26, The
el ectrcal notosupb-6hei 8123, eNbLSQIThddIL the shhOBY BBUeSaRNE 2Pdnd S

I nj ection nol de pl-asi%c )| astic nass,

the front end 8%8 -1t 2%?‘?%5%(%&0%{%n‘%*eg&%?‘;itﬁagféa%g%‘g? Sur e For med
5 directly in thétpkasgi cheessator assembly A21),Thheepkasticahagot or of
claim 23, Wpergkgeﬁg§ng to and forming a resar end cap (25} disposed on
the other end of the lamination stack (27) cpposite the
front end cap (25); and |
a cecntinucus bore (30) formed in the stator assembly
(21) through the Zront end cap (25), the stator

lamization stack (27), and the rear end cap (25), the

—
o

continuous bore defining mounting surfaces in the end

th
13
(b

caps for ceiving the rotor bearings (23, 24), the rotor
assembly {22) being carried within the bors formed in the
statcr assembly wich the rotor bearings engaging the

200 mounting surfaces imr the end caps, an air gap being
defined between the central rotor portion and the stator

laminaziocn stack {27).

24. The electrical motor of claim 23, wherein the

front end cap (26) is fabricated from metal and has pilot

1~
W

(80), the lamination stack having anchor holes

¥
0
e
o
n

(69), the plastic mass extending from the anchor holes in

the lamination stack to the pilot holes in the front end

cap to form plastic rivets which secure the front end cap
30 to the lamination stack. _

25. The elsctrical motor of claim 23, wherein the
front end cap (26) is fabricated from metal and has pilot
holes (80) which align with anchor holes (69) in the
lamination stack, threaded fasteners (28) inserted

through the pilot holes into the anchor holes for

(V3 ]
w

securing the front end cap to the lamination stack and
preventing creep, the plastic mass surrounding the

threaded fasteners and filling the front end cap.



stator lam nations (27) have a pl ural. [ fy of inwardly _ fam|(r!l!/“}r|w|6“|" "Ill " I!II

pol es (66), each of the poles having a 10 plurality of inwar acing s
teeth (67a) separated by, = _.gaps. the plastic mmss extending.intg the
gaps. 28°" kaé"‘elee‘C‘t‘r"i‘CéiF‘nﬁ‘BbP‘o‘f"‘c?’gﬁﬁ‘ & f uftfer—= -~

i ncl udi ng nagrebnt iensecep (85) iea &heligpps;idhengildest icdak5icnassben t he
gaps serving fodmaGguLe EQ E@S Lis éﬂalgfb r HASe zront erd c%g' The

el ectrical not tgr mof_*’cl“ai?m 23 _V\Eere_i‘n the "e0l ded rear end z&p- (25)
encapsul at es dR5)n$YFAE6F NASERE B0°SERHHRS STHRRIAUTH iMHIRSSutratRds t he
stator poles, dik@cc1ly kRsuhat grasarrykagst he scator w ndings.

30. The electrical "notor of claim23, wherein a matri x of conductive
pins (94) are electrically connected 25 to the stator w ndings, and the
mol ded rear end cap?.25)the elispthkudes moeonnettoOlahusl NgvHetdd:id niregral |y
formed of injection. ded_plastig_that is, dispesed around.the

matri x of pi nf,taf'ﬁg hSu‘§?l%é‘éﬂgpfgﬁ to° fecei ‘e“‘aaln’a"t%}/sr?g‘ %ng’lééb‘ﬁﬁ’ector. 30
31. The el ect facahgmeterouf pclas m 89} whexdi rof hehe polelsedieviogl aconnecti ons
between the CORAUCEYE BENSN(4k1y a0 L6 S Aléfa idUlaRaT CORPT | SES

fusi on wel ds Securi ng N _ ‘
gaps, the plastic mass extending into the gaps.

28. The elsactrical motor of claim 256 further
including magnetic inserts (85) in the gaps, the plastic

mass in the gaps serving to secure the inserts in the

—
h

gaps.

29. The eisctrical motor of claim 23, whersin the
molded reax end cap (23} encapsulates an insulator insext
20 that substantially surrcunds the stator poles, the

insulator carrying the stator windings.

30. The elsctrical motor of claim 23, wherein a
matrix of conductive pins (94) are electrically connected

to the stator windings, and the molded rear end cap (25)

(18]
(9]

includes a connector housing (41) integrally formed of
injection molded plastic that is disposed around the
matrix of pins, the housing adapted to receive a mating

connector.

31. The electrical motor of claim 30 wherein the
electrical connections between the conductive pins (94)
and the stator windings comprises fusion welds securing

the pins to the windings.

32. The electrical motor of claim 23, wherein the
front end cap (25) is integrally formed of injection

molded plastic.



the pins to the wndl ngs. 35 | 32. ,Jhe el ectrical rmtorll““llcl"l“““:um“l“‘

wherein the front end cap (26) is i ntegral |y fornmed of injectitont
nol ded pl asti c. 3’3 33. The
electrical notor of3%aiTRO2E-SHFASAT FRECT CEpFRATT 215 WreTsin =8

t her nopl asti cgplastprodessi Whexmepilastically rrocdkithwe r@sdat.ri cal notor of
claim 23, wherein the 5 thernoplastically processible resin is selected
fromthe group consisting of 6,6-polyamde, 6-polyanmde,

4, 6-pol yani de, 12, 134 pol Jesridfects iEABOFaRi 86, CLaimpdt v eRaie dMcai ni ng

ar onat i ¢ ”Qnon@Hé&mdgléQHﬂdQ’e@eDYOC°E§ESPQtPééfﬁehslgﬁgéﬁdéd ERem the
terepht hal at e, pol yet hyﬂliene 10 gpt ht h | at e, ut vl L£ne napt hhal at e,
aromatic PO SHR S 295566 @ ¢ y§t'8P ¥oryner s %%‘1 “dhexane

di Imst hy: ol tere,pduﬁwulﬁﬁdeqopal yetbelegsineds, s, -2@%&@@& ene sul fide,
pol yacylics, pol Iene nEain | ve et

pol ymet hyl pent%%%‘P et"ﬁé‘r‘l %\ é EQXL?‘?y%%? ognﬁsfe F?Cl 3/ a/lfeone

pol yet her sul foma}rﬂpmihq}h?e?rwl @@éyg%mré%potyscym@hmlauw DOlYeJ"Vlene

10 napththalate, pclybutylene napththalate, aromatic
polyesters,; liguid crystal polymers, polycyclohexane
dimethylol terephthalate, copolyetheresters,
polyphenylene sulfide, polyacylics, polypropylene,
polyethylene, polyacetals, polymethylpentene,

—
¥

polyetherimides, polycarbonate, polysulfone,
polyethersulfons, polyphenylene oxide, polystyrene,
styrene ccpolymer, mixtures and graft copolymers of

styrene and rubker, and mixtures thereof.

20 35. The elactrical motor of claim 34, wherein the

plastic further comprises a filler.

36. The elactrical motor of claim 34, wherein the
plastic further comprises a reinforcement of fiberglass

or carbon Ziber.

[0S
n

37. The electrical motor of claim 23, wherein the
plastic is a glass reinforced polyethylene terephthalate

thermoplastic molding resin.

38. An injection molded electrical motor assembly
comprising;
a rotor assembly (170) having a central rotor

portion on a rotor shaft (171), and a rotor bearing (170,

v
W

173) disposed near each end of the rotor shaft;
a unitary stator assembly (150) including stator
poles (66) and means for magnétizing the stator poles, a

£ront end



styrene copol yner, m xtures and graf.t copal yners of styrerl||e“|mulluuuullll|llll
G , *

and m xtures thereof. 20 35. .Th'e el eptri cal notor of akm mos
wherein the capplagticobyither-cuPprdesnd biel LEL: 1amination st3@k  The
el ectrical notor, of ¢laim 34, wherein the plastic further conprises a

rei nf or cenent 2Bf FRBERGI AsElBEe FOL AWEH inpheRe motor on a syxrfapge
el ectrical noand afprhat ir 2%: Whene) meBer comprasihe Amﬁﬂ%s§1@%isnforced-

pol-yet hyl ene terephthalkate. . ther lastic nolding resin. 3 38.
An injection ﬁ%f‘dég“gl' actt %%T‘“ﬁbtm§:1%%§séﬁﬁr§?°p asbg‘?‘rpﬁ%’irhd:,hat a

rot:.or assenbl yubs7aRt havingercentladlesr aher statopopdles amd £ildisor shaft
(A03r shat, ? LekeEsSenciom, (A0 05,10 Shapaselutel S ol e
pol es (66) and-HEARSAFLITMEGNETZ G StRe BRasoPXPONEENg &0 and ront end

forming a xsar end cap (157) disposed on the other end of

the lamination stack opposite the front end cap; and |

10 bearing support surfaces in the front and rear end

caps (155, 157) separated by a bore (161l) of a size

sufficient to receive the central rotor portion (170),

the bearing support surfaces defining mounting surfaces

in the end caps for receiving. the rotor bearings, the

rotor assembly being carried in the bore formed in the

n

statcr assembly with the rotor bearings engaging the
mounting surfaces in the end caps, an air gap bring
defined between the central rotor portion and the stator

lamination stack.



cap (155) positioned one end of the I.am nation stack and Hmmm“"l"ml“"l

fl ange for nounting the notor on a surface, and a pl astlc tml‘Ele nd
nmenber conprising a, uni t_ar%/ glass . __, reinforced.i njgegzté 0?1

t her mopl astic resin’t hat-% Sstubstant A9y efcapstt it es ¥ %“S‘t at df“ pol es
and fills dedErorsumpcas |—n.:t:laeastatothr=tfueme‘i:)yemmma:zmags tzhe

stator assenbly,. the plastiG nmess exLenggngnJﬁ O Mt s fx¥JHNG A rear end

[ A - [P 394 wilils

@ natl on stack opposite
the front end TRE WY CRP- beari ng support surfaces in the front and
rear end s caps (155, 157) separated by a bore (161) of a size

sufficient to receive the central rotor portlc%n (170) t he ”bea.rl ng
support surfaces det? ni ng*froumit T g Sur f%5EES °F SRRt Y‘h%geﬁ‘a XS O

recei vi ng the gi-omdeardgeys, sthe€ath fpet eheassmblyni)eaang dIﬁ'P:J‘J"ﬁ(isl n the
boreforrredlnthe stator asserbly w e_4 ot Jearings agi ng the
nmount i ng surfaces ith ¥ oé“élng’ caps, anéal“r“ %ﬁ '£9 é’én__ f&%%d%%gt vveen t he
central rotor portimtiaw sheesstat 6ke -»ataﬁn@aw?m stemikllep diamete

10 bearing support surfacs being formed in the rear exnd cap.

41. The electrical motor of claim 38 wherein the
chermoplastically processible resin is selected from the
roup consisting cof 6,6-polyamide, 6-poly~mide,

,6-polyamide, 12,32-polyamide, 6,12-polyamide,

-
th

ontaining aromatic monomers, polybutylzane
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zerephthalate, pclvethylene terephthalate, polyethyvlene
napththalaze, pclybutylene napththalate, aromatic
volyestars, liguid crystal polymers, polycyclohexane

20 dimethylol terephthalate, copolyetheresters,
oclyphenylene sulfide, polyacylics, polypropylene,
oclyechvlane, polyacetals, polymethylpentene,
pclyetherimides, gpeolycarbonate, polysulfone,

ol

yonenylsne oxide, polystyrene,

25 styrene copolymer, mixtures and graft copolymer~ of
stvrene and rubber, and mixtures thereof.
42. The electrical motor of claim 38 wherein the
plastic is a glass reinforced polyethylene terephthalate
30 <thermoplastic molding resin.



39. " The electrical n
surface for the front
support surface for t
motor of claim39 in

sherein the beari ng support’
1"arger di aneter than bearing
enajcap. - 40. The electrical
ch qtdver 1997 bgari ng support surface for the front
end cap CcoOMWO 9632936 to a snooth boje fornmed through thecgrRbEes2300r €
but t er mi nai ng shor efnd cap, a snaller dianeter 10
beari ng support surface being fornmed ip the rear end cap. 41.
The electrical notor of clarm 38 WAereln th3 t hermopl astical ly
processible resin is selected fromthe group consi sti ng of

6, 6- pol yani de, 6°fb%yOFi Hae Bearing gSUBRALL, AUrEaces -1 2 -Hylakdnicases .,
6, 12- pol yani de, howepeny athel eserntard hibory wirinmtis presurded teoloyeut yl ene

Lerepht hal at e ppbys; YL cleslSEERN Nl 7 SR IR o5 8P Rt o

pol ybutyl ene napt ht hal ate, aronmatic pocf yesters, T1qui
pol ymers, pol ycytPafekane Bolded Retiing matiariflhaland theof@ctetthatesher s,
pol yphenyl ede sustater psl garyeéd QSitrptﬁlxMﬂ{ méﬁﬁés proﬁ@cﬁggﬁé‘ﬂe&%d
ol yaul fone, |- PESPOYLRER Eih as iRl BIRASH V0T Sty ene, 25
styrene copol yner, m kEuvillanew geefapprssiates that whatsthaseieeand rubber,
and m xtures thepgetided is a new and reliably assembled electrical

motor in which the stator is assembled from

10 substantially unmachined parts. After a lamination
stack is assembled', insulated, wound and terminated, an
unmachined end cap is disposed at the front end of the
lamination stack and initially secured in register to
form an intermediate assembly. Once the intermediate

. 15 assembly is secured, it is then molded to form a rear
end cap and integral connector, and permanently locks in
register that which had been initially secured. An
internal bore is- then machined to produce a straight,
smooth uninterrupted central bore for receiving the

20 rotor, and forms bearing surfaces in the end caps. &
previously assembled rotor assembly is then inserted
into the smooth bore of the stator assembly, secured in
place, and the motor, after magnetization of the rotor,
is ready for service.

25 - The foregoing description of various preferred
embodiments of the invention has been presented for
purposes of illustration and description. Variations
are possible within the scope of the appended claims.




42. The electrical notor of claim 38 wherein the pl astic L%" ‘EF%%‘I:} q

rei nforced polyethylene terephthalate 30 thernoplastic_noldi
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(57) Abatract

An electrical motor and the
process for forming that motor uti-
lizes injection molding techniques to
unitize the stator assembly. The sta- .
tor assembly (21) includes a stator
lamination stack (27) and preferably
a metal front énd cap (26) which is
secured to the lamination stack (27)
after the lamination stack is insulated
and wound. The windings are termi-
nated at a plurality of conductive pins
(94) fusion welded to the texminating
ends of the windings. The stator as-
sembly (21) with front end cap (26)
in place is positioned in an injection
molding die. Pressure is applied to
the die, and molten plastic is injected
under pressure to fill voids in the sta-
tor assembly, and also to form a plas-
tic mass which will serve as the rear
end cap (25). The rear end cap (25) is
also molded wlﬂnconnecmrpottion
(41) which fixes the conductive pins
(94) in place as a part.of the connec-
tor. A bore (30) formed in the stator
assembly provides mounting surfaces
(31, 32) for bearings (23, 24) on a rotor assembly (20).




