(./J
Q»
=

§ l{‘J\_ ...._:

WO 96731936 o nIo| A» D PCT/US96/04723

10

1S

20

25

30

35

1

INJ!CTIOH MOLDED MOTOR ASSEMBLY AND
METHOD OF PABRIC&IIOU

The present invention relates to electric motors,
and more particularly to a fabrication method and
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

incorporated by reference, describe an electrical motor
and fabrication method for achieving precisé bearing
registration of an internally disposed rotor assembly.
As described more fully in the aforementioned
references, an electrical motor comprising stator and
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
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
between the stator poles with potting compound. The
internal chamber is then finished by machining a
ccntznuous, cylindrical bore substantially coincident
with the sidewalls defined by the inwardly projecting
stator poles. Precision registration of the rotor

' 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
the '604 and '572 references achieve substantial
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advances over the prior art, further improvements are
still desired. 1In this regard, various features of the
assembly and method described in the '604 and '572
references were identified for improvement.

One area sought to be improved relates to the
potting of the stator assembly. Specifically, 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
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
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,
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
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.

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
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
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connectors, establishing electrical continuity between
the stator windings and conductive traces on the printed
circuit. A second connector having conductive pins
electrically connected to the conductive traces on the

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
motor operation. |

- This second connector is nested within the rear
stator end cap. As previously described, both end: caps

.are attached to the lamination steCk by means of several

through bolts, before the potting compound is applied.

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
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
assembly and method as described in the '572 and '604
references.

In view of the foregoing, it is a primery aim of
the present inrention'to simplify and, thereby, achieve
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. ”

"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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In even greater detail, an object of the present

_invention is to provide high dielectric paths of good

thermal conductivity between the electrical conductor
and pole structure and the exterior of the motor, in
order to increase the capacity of the motor to dissipate
heat. - _ S

Another object of the present invention is to
provide an electrical'neter-:abrieatien_method that
simplifies the method previously known and used by
eliminating the cost and time demanded by a second
potting eompound cure cycle, while maintaining the
structural integrity of the final motor assembly.

Still_anether_objectrof_the;present invention is to

'provide an.eleetrical motor assembly having a simplified

and thus'improved electrical connection between the
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
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

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
cenpiling a stack of stator laninations and stator
windings. The intermediate statpr_aesembly is then
plaeed into a neid, and molten piastie is injected under
pressure into the mold, whereby the molten plastic is
forced into and fills interior v01ds between poles of
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
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thermoplastically processible resin, or blends of such
resins. The'resin may optionally include additives such
as :1ame retardants, reinforcements, colored pigments,
fillers, plastxcizers, heat or light stabilizers. Next,
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
assembly by inserting the rotor assembly into the’
continuous borg and engaging the rotor bearings with the

mounting surfaces.

A related aspect of the present invention is
directed to the injection molded electrical motor
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
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
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
roto: bearings;_the rotor assembly being carried within
the bore by an engagement between the rotor bearings and

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

- 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
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form a connector housing about the conductxve pins. 1In
this way, the motor assembly provides a connector that
is readily adapted for electrical- connection to an
external or remote source for controllzng the motor.

. The injection molded end cap is an extension of the

injection molded mass in the stator, and thus provides
an efficient continuous path for disszpation of heat
generated in the windings.

The accompanying drawings incorporated in and
forming a part of-the-specificafion,"illnstrcte several
aspects of the present invention, and togethec with the
description serve to explain the princzples of the
invention. 1In the drawings: o

Figure 1 is a perspective view illustfating a
conipletely 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

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 1nvcntxon.'

FIG. 4 is an elevational view ilthtrating a
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;

FIG. 6 is an elevatjonal view of an individual
stator lamination,~illustratingeﬁhe inwardly directed
stator poles and pole teeth; o

FIG. 7 is a perspective view showing an assembled
stator lamination stack made up of individual
laminations as illustrated in FIG. 6; '

TP e cwngees -

lmu: ORIGINAL @



WO 96/31936 PCT/US96/04723

10

185

20

25

30

s

2

FIG. 8 is a perspective view of the front end of
the stator lamination stack of FIG. 7 with insulators
and stator windings in place; .

FIG. 9 ie'the'cut-eﬁay view as illustrated by
arrows in FIG. 6, illustrating 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;
. 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
injection ‘molding;

FIG. 13 is a view similar to FIG. 12 illustrating

the Lnjection molded assembly after it has been machined

and is thue ready for insertion of the rotor assembly;

FIG. 14 is a side elevational view showing a mold
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

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
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.

Reference will now be made in detail to various
presently preferred embodiments of the invention,

Y
i
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examples of which are illustrated in the accompanying
drawings.

Turning now to the draw1ngs, FIG. 1 shows a
perspective view of a hybrid permanent magnet stepping
motor, and FIG. 2 a partly exploded view showing the
rotor ‘and rotor retaining elements removed from the

stator assembly. It will be noted at the outset,
however, that while" the invention will be described in
connection with a hybrid stepping motor, it is also
applicable to other motcr types. For exanple, the
invention is appliceble to brushless variable reluctance

- stepping motors, permanent nagnet brushless motor

designs, switched reluctance motors, enhanced variable
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 other motor typee as will be apparent
to those skilled in the art upon reading the following
detailed description.

Referring to FIGS. 1 and 2, there is shown a hybrid
stepping motor generally designeted by reference numeral
20 comprised of a stator assembly 21 and a rotor
asgembly 22. The rotor assembly is 'fittea with bearings
23, 24 which in turn mount in end caps 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 thet'forns'stator poles which

- carry stator windings (not shown in FIGS. 1 and 2). 1In

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
secured by means of a high-strength injection molded
plastic which completely encapsulates the interior of
the lamination stack and preferably projects partly into
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a central bore 30 after molding. The bore 30 is then
machined as by honing to form bearing surfaces 31, 32
(See FIG. 9) in the end caps 25, 26 and also to form a
smooth bore 30 through the lamination stack 27,
contiguous with the beering surfaces 31, 32.

In the illustrated embodiment of FIG. 2, retaining
rings 36 secure the rotor assembly 22 in the stator
assenbly 21. In another'embodiment, the rotor assembly
22 is retained in the stator assembly by a press-fit
engagenent 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
to its bracket (not shown). The rear end cap 25
inclodee an integral eiectricel 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,
(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 negnet is positioned to provide the

-laminetion sections 52, 53 with opposite magnetic

polarities nekinq, for example, lamination section 52 a
north pole and lanination section 53 a south pole. 1In
one enbodiment, the laminations are formed with external
teeth, of the seme pitch as the teeth associated with
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

._permenent 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
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is produced in the stator ‘tends to successively align
the teeth of rotor 1amination sections 52, 53, with the
field of the stator teeth, causing the -motor to step in
sequence. Control of the rotational rate and direction
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
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
results is best_illustrated_in FIG. 4. ‘There is shown a
rotor shaft 50 having"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
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 sections 52
and 53 are ottset with respect 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
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
with an’ output shaft on the rear end to form a double-
ended motor. Such constructional details form no part
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of the present invention and will not be emphasized
herein. _ _ , - |
Having assembled the rotor 22 in step 101 (FIG. 3),

: the rotor is then passed to a grinding station where

step 102 is performed to grind the rotor outer diameter.
such grinding tends to produce teeth in the lamination
stacks 52, 53 which have relatively sharp corners. 1In
addition, the grinding step produces a rotor which is
substantially concentric and therefore can operate in a
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

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
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bearing surfaces of the end caps while the rotor section
S1 has a sufficient, although a very small, clearance
for rotation. The precision thereby achieved allows the
motor to be configured with a relatively small air gap,
thus providing hiqher'torque.and“afficient 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
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. The

poles 66a are separated by gaps 68a which provide an
area for receiving the stator windings. The laminations
also have punched clearance holes 69%a 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
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
due to grain to be averaged. : - e
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
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
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
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obtained at which point automatic welding equipment
preferably applies four welds 70 at corners of the
lamination stack displaced 90 degrees from each other.
As seen in FIG. 7, the assembled lamination stack
thereupon provides a pole structure 66 separated by
inter-pole winding gaps 68, each pole structure having -
axially disposed teeth 67 of a predetermined pitch. It
is also seen that the anchor holes 69 are aligned such
that an alignment bolt or injection molding needle can
pass through the lamination stack at the appropriate
point in the assembly process.

After the,iamination 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

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
magnetic strips have sufficient frictional engagement
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. _ '

. 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
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
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
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the insulator assembly is illustrated at 71 and is shown
to completely line the slot 68 as well as to cover the
face 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 embodimeént 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
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aligned in a row or matrix by spacer 95 -~ the pins
having a projecting end 94' and a terminating end 94"
(See FIG. 11).

In the illustrated motor which has eight pole

structures each with a winding, eight ' pins 94 are
provided for terminating the coil ends. Thus, at the
" start of the windings, a first end of a coil is fusion

welded to the terminating end 94" of a pin 94, wound
around four poles, then fusion welded to the terminating

' end of another pin. 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.

' 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
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.

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
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
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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yoke is utilized to seal leakage around the front end
cap, and pressure applied to the mold during the
injection of high pressure ﬁolten'plastiq prevents
leakage during the injection step.

In accordance with the invention, the preliminary
secured assembly, registered by'means 6f a 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

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
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.
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
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,
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
securely hold the front end cap in: registry with the
stator lamination stack.
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It is preferred to reinforce the plastic fasteners
with self-tapping screws 28. In some embodiments, the
molten plastic forced into the apertures in the stator
and in the end dap can form plastic rivets which will
secure the end cap in place, at least 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
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
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
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
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
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
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

o oman. )
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111, and in the preferred embodiment, the pins 94 and
spacer 95 are held in place merely by the rigidity of
the stator windings that are fusion welded to the pins
94 (See FIG. 11). Alternatively, however, the spacer 95
and conductive pins could be integrally formed with the
insulator 90 (FIG. 10), thereby being rigidly disposed
prior to step 1l1il.

It will be noted at this point that fusion welding
is the preferred means of electrically and mechanically
connecting the pins 94 to the terminating 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
step is acconplished withont 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
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'contrcllinq the motor. It can be appreciated that,

" 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
front and rear end caps 26, 25 are formed by high-
strength injection molded plaetiCQd ft is preferred,
however and as illustrated, to retain an aluminum front
end cap, due primarily to the neat transfer
characteristics of aluminun.' More specifically, since
aluminum is a better thermal conductor than plastic,
maintaining an aluminum front end cap 26 providee better
thermal transfer, and therefor better heat dissipation,
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away from the motor. 1In this regard, heat dissipation
is further improved if the motor is mounted by way of
mounting holes 40 (FIG. 2) to a structure that would
eftectxvely serve as a heat sink.

After molding 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
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,
and thus the motor is better able to conduct heat
generated 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
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
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
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
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
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‘the stator and aluminum from the front’ end cap. as

illustrated in FIG. 9, it is desired to form the center
bore so as to leave a thln layer of molded plastxc 98
between the stator pole teeth 67 and the sidewalls of
the center bore. o

Alternatively, it may be“desirea toeconfinue the
honing operation until it has opened the bore 33 so that
the tools contact the stator lamihatione. Thus, as the
successive honing operations are carr1ed out, material
is ultimately removed from the teeth 72 of the stator
assembly and at the same time from the bearing surfaces
31, 32 of the end caps to machine a émébtﬁ and

. continuous bore 33 through the entire stator assembly.

The machining in the end caps forms bearing surfaces for
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- magneétic coupling.

It will be appreciated that in practicing the
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-comhieted-the honing
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
subsequent to machining of the mounﬁing'flenge. the tool
is changed and grooves 83 are machined in the bearing
surfaces 31, 32 for accepting thewrétaining'rings 38,
36. PFollowing the performance of the step 113 for such
finish machining, the stator assembly is prepared to

' receive a rotor and thus produce‘anfassembledfmbtor.'

More particularly, a step 115 is_performed in which
the rotor assembly produced in the step 103 is joined
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with the stator assembly in step 113 to produce a
conpleted motor. It is simply necessary to install one
of the retaxnlng rings, say, front ring 36 in the end
cap 26, then slide the rotor assembly with bearings into
the bore 33. Thrust means 36a such as a wave washer and
spacers 36b, if necessary, are lnstalled above the
bearing to load the bearings in one direction.

Followinq insertion of the rotor, the rear clip 36 is
put in place producing a completed motor. A step 116
(FIG. 3) is then pertormed to magnetize the rotor in a

~ conventional fashion.

_ One of the signiticant advantages which is achieved
by the assenhly techniques of the present invention is

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

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 magnets in the slots between the teeth of
the pole structure: norber U.S. Patent No. 4,712,028,
Mastromattei U.S. Patent No. 4,713,570 and Gamble U.S.
Patent No. 4,763,034. FIGS. 12 and 13 of the present
application 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



WO 96/31936 PCTIUS96/04723

10

1s

20

25

30

35

22

thin layer of plastic over the stator pole teeth

. Alternatively, it may be desired to’ continue the honing
'.operation until the stator pole teeth are exposed. To

this end, FIG. 13 illustrates the condition after the
bore is finished showing a continuous surtace for the
internal bore, such continuous surface at different
parts including the molded plastic material exposed
teeth 67 and exposed magnets 85 (when present)

In keeping with the description of FIGS._lz and 13,
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

practicing the present invention. As shown in FIGS. 12
and 13, magnetic 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
impregnate the pole faces, or to varnish ‘the stator,
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
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

" 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:he'generatediin the
honing operation, since the internal bore 33 is
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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FIGS. 12 and 13 illustrate a further benefit of he
molding and subsequent honing procedure when used with
motors'q:.;he_enhanced type. It will be appreciated
that molded plastic material is forced into any crevice
in thé.interftooth gaps, serving as a bonding agent to
hold the enhancement magnets in place. Subsequent
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 -
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FIGS. 14 and 15, showing the mold fixture. As used

herein, the terms “plastic", *"molten plastic", "high
strength molten plastic", "molded plastic material" and
plastic material?” are defined as any thermcplastically
processible 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
terephthalate, polyethylene terephthalate, polyethylene
napththalate, polybutylene napththalate, ‘aromatic
polyesters, liquid crystal polymers, polycyclohexane
dimethylol terephthalate, ccpolyetheresters,
polyphenylene sulfide, polyacylics, polyprcpylene,
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

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
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
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,
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
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or to modify other properties of the finished product
such as stiffness. The resins may also contain
plasticizers, and heat and light stabilizers. The

~ amount of reinforcements or filler used may vary from
‘about 1 to 70 weight per cent based on the weight of the

pclyner and filler present. The preterred type
reinforcement is fiberglass, and it is preferred that
the fiberglass be present in the amount of about 15 to
55 weight percent based on the total weight of the
polymer and filler present. The thermoplastic resins
may be prepared by methods well known in the art. Wwhen

reinforcements or fillers are used, they may be added to

the thermoplastic polymers during the preparation of the
resins or conpounded in a separate step according to
conventional methods known in the art. Preferably, the
mcld 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 associated with the frame 104a, 104b to assist in
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 ycke surrounding the end cap, the material of the
end cap would likely 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
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
surface which prevents molten plastic from flowing out
of pilot holes 80.
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The mold fixture also includes ccnnectcr insert 106
and rear portion 107. The rear porticn 107 ‘includes
channel 108 which defines a fluid passage through which
molten plastic flows to reach the stator assembly. The
rear portion 107 alsc 1ncludes a cavity 109 that defines
the space for the rear end cap 28, which is tormed from
the injected plastic. The connector insert 106 is
disposed alongside the rear portion 107 80 as to form a
connector 41 (FIG. 1) that is 1ntegrally fcrmed with the
rear end cap 25.

" The mold fixture further includes a mandrel 110
that is inserted through the center of the statcr
assembly to form the central cylindrical bore. The
mandrel 110 has a slightly smaller diameter than the
sidewalls of the stator assembly 27, as detined by the
inwardly projecting stator poles 67, thereby prcviding 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
portions 104 and 107 of the mold fixture, and in this

‘way, insures proper alignment of the central bore within

the stator assembly. :

Once the stator assembly 27 is secured'kithin the
mold fixture, pressure is applied to. the”fixture, and
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 throughout
other parts of the stator assembly, including the space
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

" solidified, then the mold fixture is removed, and the

honing process and rotor assembly previously described
are carried out.
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It is worthwhile to note that the injection molding
operation is a relatively rapid manufacturing process,

“and the subsequent cooling operation is also

correspondingly fast. In contrast to prior molded
motors which require one or two cure cycles in an oven,
according to the present invention, the molten plastic
which is injected into the motor at a very high
temperature begins to cool almost immediately. Shortly

_ after completion of the injection cycle, the plastic has

cooled sufficiently to solidify. Once that occurs, the
pressure on the mold 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
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.

The nature of the conneétions betwean the
terminating ends of the coil and the piné 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
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
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
cost of the printed circuit board, but also provides a

‘secure mechanical and electrical connection which is
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entirely compatible with the temperatures and pressures
of the injection molding process.

- It will alsc be noted that some but not all of the
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
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
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,
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

attached to the body. Windings 153, 154 serve to
magnetize the poles 151, 152, o

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
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. therexn, is positioned at the other
end of the cylindrical body 150. As best seen in FIG.
17, a plastxc mass 160 f£ills the stator, with the.
exceptlon of a cylindrical_ape:ture 161 which is adapted
to receive the rotor. The plastic mass extends to both
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- the end caps 156, 157 and in the illustrated embodiment

actually forms both of such end caps. It will be seen
that the plastic mass 160 encapsulates the windings 154

and fills all of the available voids within the stator

body 150. _
The rotor for this motor is shown in FIG. 18. A

; centrallcylindzical portion 170, which is illustrated in

the drawing only schematically, forms the magnetically
active portion of the rotor. It is positioned on a
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 same diameter as the rotor portion 170 (preferably
slightly larger than the rotor portion) is positioned on
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
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
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
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
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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interfaces with a machined surface 173 on the rotor
shaft to form a bearing structure for the rear end of
the rotor shaft. While the central bore is thus
stepped, the motor provides the advantagecus features of
the invention, including at least one injection molded
end cap, with that end cap having a bearing support
surface formed therein for suppért_éf'the*rétor shaft.
The stator is encapsulated with an ihjectior molded mass

to provide a smooth bore, good heat transfer and

dissipation, and a sturdily unitized structure.
Electrical connections can be made as 1n the prxor
embodiment. ' ' '

A number of alternatives are also available with
this motor configuration. Among them is the possibility
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
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
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
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
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
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better 111ustrated in FIGS. 19 and 20 whxch represents a
DC motor of lnexpensxve constructlon which can make use
of press fit bearing structures, such as press fit

_polymeric bearings to reduce the manufacturing costs of
- such motor.

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
in the electrical 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.

Turning to the drawings nore specifzcally, 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
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.

‘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
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
thus the rotor requires a commutator structure
illustrated at 192. Brush holders 193, 194 are
permanently fixed in position in the plastic mass during
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the injection molding process.= As is conventional,
brush holder caps are provided to allow removal of
brushes 193a, 194a for motor maintenance. Wiring 195 is
shown schematically as connecting the brush holders to a
connector 196. Thus, the entire brush structure is
permanently fixed in pos1tion along with its wiring
during the injection molding process.

The motor of FIGS. 19 and 20 also shows the
implementation of cost reduction by means of a reduced
size rear end cap hearing. Thus, the front end cap 183
has a bearing support surface 200 formed therein which
is about the same size as the central bore 201. The
rear end cap 184 however, has a smaller diameter
hearing support surface 202 formed therein. Roller
bearings could be used as the bearings in the front and
rear end cap. However, 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. Preferably,
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
of the motor is injection molded as has been described
in detail above to completely encapsulate the poles,
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
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
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
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. 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
injection molded potting material, and the fact that the
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
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
assembly 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
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.

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
variations are possible in light of the above 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
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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within the scope of the invention as determined by the
appended claims when interpreted in accordance with the

breadth to which they are fairly, legally, and equitably
entitled. ' : S
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WHAT IS CLAIMED IS:

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

constructing a rotor assembly on a rotor shaft, the
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 wrappan 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
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connector forming portion in relation to the mold cavity
that forms the rear end cap, so that the unitizing step

forms a plastic connector that is integral with the rear
end cap.

3. The method 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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8. The method of claim 1, wherein the forming
step includes inserting an insulator into the
intermediate stator assembly so as to surround the

stator poles, and wr;pping_the stator windings over the
insulator.

| 9. The method of claim 8, wherein the molten
plastic in the unitizing step is formed so as to
- encapsulate the insulatbr, stator poles, and stator
windings.

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 pflcliim 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 éelected 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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aromatic monomers, polybutylene terephthalate,
polyethylene terephthalate, polyethylene napththalate,
polybutylene napththalate, aromatic pclyesters, liquid
crystal polymers, polycyclohexane dimethylol
terephthalate, copolyetheresters, polyphenyiene 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 assénbly by injecting molten
plastic under pressure into the mold fixture, whereby
the molten plastic is forced into the intermediate
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stator assembly to encapsulate the stator poles, fill
interior voids, and fill the mold cavity to form a rear
-end cap;
cooling the assembly to solidify the molten plastic
into a plastic mass, the plastic mass forming a central
bore extending between the formed rear end cap and
another end cap; :
' forming bearing support surfaces in the end caps,
. the bearing surfaces being sized to receive the bearings
_ adapted to support the rotor; and
mounting the rotor assembly into the stator
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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23. The method of claim 18 wherein theistep of
forming bearing support surfaces forms a larger diameter
bearing support surface in the front end ‘cap than in the
rear end cap. -

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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a unitary stator assembly including a stator
lanination stack torming stator poles, stator windings -
carrzed on the stator poles, a front end cap positionead

on one end of the lamination stack, and a high strength
plastic unxtzzlng member comprising a unitary injection
molded plastic mass that substantially 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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‘' 30. The electrical motor of claim 27, vwherein the
front end cap is an injection molded plastic member
forming a bart'of said plastié mass, the front end cap
further having a bearing support surface formed directly
in the plastic mass.

31. fThe electrical motor of claim 27, wherein the
stator laminations have a plurality of inwafdiy facing
stator poles, each of the poles h&Vingia'pIurility of
inwardly facing teeth separated by qaps,'thé'plastic
mass extending into the gaps.' ' R

32. The electrical motor of claim 30 further
ineluding magnetic inserts in the gaps, ‘the’ plastic mass
in the gaps serving to secure the inserts in the gaps.

33. The electrical motor of.clain'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 housing integrally formed of
injection molded plastic that is disposed around the
matrix of pins, the housing adapted to receive a mating
connectoer. - -

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 windings. ' ' '

36. The electrical motor of claim 27, wherein the
front end cap is integrally formed of injection molded
plastic. - : :
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37. The slectrical motor of claim 27, wherein the
plastic is a thermbplgstiéally processible resin.

38. The electrical motor of claim 27, wherein the
" plastic is a thermoplastically processible resin
selected from the grbup 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, liguid crystal polymers,
polycyclohexane dineﬁhylol terephthalate,
copolyetheresters, polyphenylene #ulfide, 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 fiber.

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
and means for magnetizing the stator poles, a front aend
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cap positioned on one end ot the lamination stack, and a
plastic unitizing nember compr;san a unitary injection
molded plastic mass that suhstantially encapsulates the
stator poles and tills interior voids in the stator,
thereby unitizing the stator assenbly, :he plastic mass
extending to and torning a rear end cap disposed on the
other end ot the lanination stack opposite the front end
cap; and :
hearing support sur:aces in the tront and rear end
caps separated by a bore ot a size sutticient to receive
the central 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 assenbly with the rotor
bearings ongaqing the nounting surtaces in the end caps,
an air gap being defined betueen the oentral rotor
portion and the seator lanination stack.

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

44. The electrical motor of claim 43 in which the
mounting surfaces are of a size adapted for interference
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 inciudes permanent magnets
forming the stator poles, the magnetic polarization of
the permanent magnets providing the means for
magnetizing the stator poles.
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47. The electrical motor of claim 43 wherein the
bearing support surface for the front end cap has a
larger diameter than the bearing support surface for the
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
terninating 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 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 tereﬁhthalatc,
polyethylene napththalate, pPolybutylene napththalate,
aromatic polyosters, liquia crystal polymers,
polycyclohexane dinethylol terephthalate,

- copolyetheresters, polyphenylene sulfide, pclyacylics,
polypropylene, polyethylene, polyacetals,
polyn.thylpgntone, po;yetherimides, polycarbonate,
Polysulfone, polyethersulfone, polyphenylene oxide,
polyltyrone,jatﬁrene*copélyner, mixtures and graft
copolymers of styrene and rubber, and mixtures thereof.

50. The electrical motor of claim 43 wherain the
Plastic is a glass reinforced polyethylene terephthalate
thermoplastic molding resin.
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