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TITLE
OVER-MOLDED STATOR ASSEMBLY AND PROCESS
FOR PREPARATION THEREQF

FIELD OF THE INVENTION

The present invention relates o a stator assembly in which the
strface of the stafor core of the assembly is coated with an adhesive
component and then over-molded with a thermally conduchve polymer

composition as an insulator

BACKGROUND OF THE INVENTION

Motors having a rotor and stator assembly are used in home
apphances, industrial equipment, computer disc drives and hybrid electric

vehicles,

Two types of stator assemblies have been available for use in motors
or generators depending on the way the wire coil is wound on the sialor, L.e.,
one is a distributed coil stator assembly and the other is a concentrated coll
stator assembly.  The concentrated coil siator assembly has the advaniage
of wiilizing a shorten col end, thereby downsizing the motor. The shortened
coil of this slator assembly reduces the copper loss generated by

wire-wound-cail and forms a highly efficient motor or generator.

A number of cooling methods have been used to cool motors and
generators, e.g., dissipating fins on a frame arranged around the stator rim
to substantially cool the surface area, & forcad air cooling system using a

fan, or a liguid cooling system that usses a cooling-liquid-path provided to a
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frame. Other cooling systems have also been used, e.g., cooling the core
coils directly in a motor or gensrator with ot or dissipating the heat inside a
motor through a heat-pipe {0 the oulside.  However, since these methods
coal the inside of motor or generator directly, the number of components
inevitably increases, which makes the motor or generator structure
complicated, and thus, produces another problem, such a8, maintaining the

reliability of the motar or generator,

The coilt of the stator assembly which is a heat source is glectrically
insulated on is surface so that the coil can carry electric current.  An
insulator or an insulating paper is disposed between the coil and an iron
core of the stator assembly that is made of electromagnetic steel shests in
order {0 prevent the coil from being peeled off its sheath or broken by the
edges of the iron core when the wires are coiled.  The insulaling paper
generally is an aramid paper.  The above discussion describes in general

the structures of the motor-coil,

These instdatars and insulating papers are electrical insulating
materials and at the same time, they gre heat insulgtors and thus block heat
conduckion. For instance, the aramid paper's heat conductivity is as low as

Q. 14WimK,

A highly hegt-conduchve resin can be disposed between the coil and
the iron core of the stator assembly to efficlently dissipate the heat rom the
motor.  This arrangement increases heal-dissipation-efficiency, bhut it alse
increases the motor's weight and becames a critical problem paricularly in
a motor for an elecine vehicle. Such a motor needs to be downsized and a

2
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greater output at higher efficiency is demanded. Further, this arrsngement
requires equipment and a process for potling the heat conductive resin.
Reliability of the motor must be maintained to avoid an electrical breakdown
of coils due fo shorting out of wires and depends on the pressure andior

temperature used during resin polting.

if the material of an insulator is changed o a higher heat-conductive
matenal, ihe following problem oocurs: in g process of winding awire on a
core, the wire reguires some tension, otherwise, the wire becomes loose,
and the wire can not be wound correctly within a slot of the core. The
nsulator material needs o have at least a sufficient lavel of strength to
withstand this fension.  On the other hand, an electrical insulator of high
heat conductivity, such as, siicone rubber or synthetic resin containing
aluminum oxide of excellent heat-conductivity is well known but is soft and
fragile and thus has poor strength and is not useful as an insulator for the
coil.  Also, if the motor s exposed o thermal cycles and thermal shock, the
interface between the coll insulator and core can delaminate due to the
difference of coefficieni of linear thermal expansion.  If a de-lamination at
the interface exists, heat transfer {s drastically restricted by the presence of

air which has low thermal conductivity at 8.02WimK.

To addrass this problem, plastic compositions having improved
thermally conductive properties have been developed. Neal, US. Patent
No. 6362 554 discloses a method of encapsulating a high speed spindie
motor that includes a core and a stator having mulliple conductors.  These

conduciors create magnetic fields as they conduct electrical current. A
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thermally-conductive body encapsulates the stator.  The '55%4 Patent
discloses that a thermally-conductive, but non-electrically-conductive,
plastic compasition including filler parficles can be used to form the
encapsulating bady.  According to the 554 Patent, a preferred form of
plastic is polypheny! sulfide, and the amount and type of fillercanbe a
ceramic material, glass, Keviar® aramid fiber romE. L DuPontde

Nemours and Company, carbon fibers or other fibers.

U.S. Patent No. 6,800,633 (Macpherson, et al) discloses a
thermally conductive over-mold for a disc drive actuator assembly bul does
not recognize the advantage of coating a stator core with an adhesive

componant.

U.S. Patent Np. 8,508,665 (Nishiyama, et al.) discloses a motor
having stator with insulator of high heat conductivity but there is no
indication of the advantage of coating a stator core with an adhesive

componant.

U.8. Patent No. 7.077.890 (Miller) discloses high density, thermally
conductive plastic compaositions for encapsulating motors but there is no
indication of the advaniage of coating a stator core with an adhesive

companent.

Although the use of such thermally-conductive plastic compositions
can be somewhat effective i1 transferring heat away from the siator
assembly compared {0 using a general plastic compositions, there is 8 need
of further improvements {o provide heat transfer between the slator core

and the over-molded plastic.  An adhesive component intervening between
4
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the stator core and the over-mold of a thermally conductive resin can
improve heat transfer betwesn them that lsads to efficient heal releass from

the stator assembly.

The present invention provides such a slator assembly over-molded
with a thermally conductive polymer composition that has an adhesive
componant at the interface batweaen the polymer composition and the stator

core {o improve heat transfer.

SUMMARY OF THE INVENTION

A stator assembling comprising:

{a) a stator core comprising laminated electromagnetic steel sheels

and wire wound coils;

{b} an over-molded msulator covering the stalor core and being
positionad between the stator core and the wire wound coils; wherein the
over-malded insulator comprises a thermally conductive polymer

compasition having a thermal conductivity of at least about §.8W/mK; and

{c) an adhesive component interfaced between the stator core a) and

the over-molded insulator (b},

In a further embodiment, the invention comprises the adhesive

companent ¢} which is a primer coated on the stator cors.

in a still further embodiment, the invention comprises a primer
containing a coupling agent selected from the group consisting of silane,

fitanate, sirconate, gluminale, zircasiuminate.

In yet still & further embodiment, the invention comprises a thermally
5
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conductive polymer compasition wherein the polymer has groups which arg

reactive with the coupling agents.

in yet another embaodiment, the invention comprises a motor

comprising the stator assembly.

In stiil vet another embodiment, the invention comprises a generalor

comprising the stator assembly.

A process for making the sfator assembly also is part of this

invantion,

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1is anexploded perspective view of stator assembly.
FIG 2 1s a front perspective view of the stalor assembly.

Fig. 3 is an upper cross saction of the perspective view of the stator

assembly at A-AL

Fig. 4 is a view of the expenment to measure the effect of the adhesive
component on heat flow from the heal source 1o 8 metal core through the

polymer composition over-mold of the stator core,

FIG. 5 shows the tlemperature rise of the metal stator core when the

over-molded core is exposed to g heat source.
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DETAILED DESCRIPTION OF THE INVENTION

The prasent invention relates to a siator assembly having an
over-molded insulator of a thermaily-conductive polymer composition
covenng the core of the stator assembly and an adhesive componsnt
imterfaced between the stator core and the thermally conductive polymer
composition. The present invention provides a stator assembly having a
high heat dissipation performance by ulilizing an adhesive component that
is positioned af the interface between the stator core and the thermally

conductive polymer composition that forms the over-molding.

FIG 1 shows a stator assembly 1 that includes a laminated stesl
core 3, cail windings 2 postioned in relation o the stesl core 3, an
over-molded insulator 4 covering the coll windings 2 and an adhesive
comnponent faver 5 positioned between the steel core 3 and the
over-molded insulator 4 and an electrics! connector assembly 11, The coll
windings 2 are positioned on tooth 7 of the siator assembly. Slot 8 is

positioned betweean coll windings 2.

Fig. 2isa front perspective view of the stalor assembly of Fig. 1 that
shows the laminated steel core 3, ool windings 2, the over-molded insulator
4 adjacent to the coil windings 2, siols 6 between the coll windings 2 and

teeth 7 adjacent 1o the cofl windings 2.

Fig. 3 shows a cross sechion of the siator assembly of Fig. 1takenat

A-A {Fig. 2). The cross section of the coil winding 2 is shown with the
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over-molded insulator 4 and an adhesive component layer S ig atthe

interface of the insulator 4 and the laminated steel core 3.

Thermaly Conductive Polvmer Composition

The thermaily conductive polymer composition used to form the
over-molded insulator for the stator assembly of this invention is slectically
insulating and thermally conductive and comprises a base polymer and a
thermally conduchve filler matenal and has & thermal conduchivity of at least
ahout B.6W/mk and up to about 100 W/imk and preferably, atleastabout 0.8
Wimk and up {o abowt 10 W/imk and more preferably, rom 0.6Wimk o &
Wimk. Preferably, the thermally conductive polymer compaosition
comprises about 10 to 80 volume percent of the base polymer and about 80
to 20 volume percent of the thermally conductive filler material and more
preferably about 30 fo 70 volume percent of the base polymer and 70 1o 30
volume percent of the thermally conductive filler material.  #tis desirable fo
provide a thermally conductive polymer composition that has a high
conductivity but this must be balanced with the moldability of the

composition and the costs of the conductive filler matenials.

A vanety of thermoplastic and thermosetling polymers can be used
as the base polymer o form the thermally conductive polymer composition.
For example, usefud thermoplastic polymers can be selected from the
following group of polymers: polycarbonate, polyethylene, polypropylene,
aoryiics, vinyls, injection moldable fluoropolymers (PFA), polyamides,
polyesters, polysulfones, polyphenyiene sulfide, liquid orystal polymers,
such as, thermoplastic aromatic polyesters, polysthenmides,

8
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polyamidimides, and blends thereof. Alternatively, thermosetting polymers,
such as, elastomers, epoxies, pohnmides, silicones, unsaturaled polyester
and polyurethanes can be used. Polymers having groups, such as,
carboxy, aming, epoxy, hydroxyl, and acid anhydnde which can react with

the adhesive components are preferred.

Freferred base polymers for the thermally conductive polymer
composition are thermoplastic polymers and more preferted are polvesiars,

polyamide and liquid crystal polymers.

Preferred thermoplastic polyesters include polyesters having an
inherent viscosity of .3 or greater and thal are, in general, insar saturated
condensation products of diols and dicarboxylic acids, or reactive
derivatives therenf. Preferably, these polyestars are the candensation
products of aromatic dicarboxylic acids having 8 to 14 carbon atoms and at
least one diol selectad from the group consisting of neopenty! glycol,
cyclohexanedimethanol, 2, 2-dimethyl-1, 3-propane diol and aliphalic glycols
of the formula HO(CH).OH where nis anintegerof 210 10, Upto 20 maole
percent of the diol may be an aromatic diol such as, ethoxylated hisphencl A,
sold as Dianol® 220 by Akzo Nobel Chemicals, Inc.; hydroguinone;
biphenol; or bisphenol A, Up to 50 mole percent of the aromatic
dicarhoxylic acids can be replaced by at least one different aromatic
dicarboxylic acid having from 8 to 14 carbon atoms, and/or up to 20 mole
percent can be replaced by an aliphatic dicarboxylic acid having from 2 to
12 carbon atoms.  Copolymers may be prepared from wo or more diols or

reactive equivalents thereof and at least ane dicarboxylic acid or reactive

9
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aquivalent thereof or two or more dicarboxylic acids or reactive equivalents
thersof and at least one diol or reactive equivalent thereof, Difunctional
hydroxy acid monomers such as hydroxybenzoic acid or hydroxynaphthoic

acid of their reactive equivalents may also be used as comonomers.

Preferred polyesters include palyiethylene terephthalate) (PET),
poty(1 4-butvlene terephthalate} {PBT), poly{propylene terephthalate}
(PPT), poly{1.4-bulylene naphthalate} (FBN}, poly(ethiene naphthalate)
(PEN), poly({1,4-cyciohexylens dimethylene terephthalate) (PCT), and
copolymers and mixtures of the foregoing.  Also, preferred are
1.4-cycichaxylens dimethylene terephthalatedisophthalate copolymer and
other linear homopolymer esters derived from aromatic dicarboxylic acids,
including isophthalic acid; bibenzoic acld; naphthalenedicarboxylic acids
including the 1.5+ 2,6-; and 2,7-naphthalenedicarboxylic acds;

4 4'-diphenylenedicarboxylic acid; bis{p-carboxyphenyl) methane;
ethylene-bis-p-benzoic acid; 1 4-tetramethylene is{p-oxybenzoic} acid,
ethylene bis{p-oxybenzaic) acid; 1.3-timethylene bis{p-oxybenzoic) adid;
and 1 4-{eframethylene bis{p-oxybenzoic) acid, and glycols selected from
the group consigting of 2, 2-dimethyl-1,3-prapane diol, neopentyl glyeol;
cynichexane dimethanol, and aliphatic glycols of the general formuda
HO{CH 1,0 where n is an integer from 2 1 10, .g., ethvlene glyeol;

1. 3-trimethylene giveol; 1.4-tetramethylene glyeol~1.8-hexamethylene
giveol; 1,8-actamethyiene glycal; 1,10-decamsthylens glycol; 1,3-propylene
glycol; and 1.4-butylene glyeol.  Up to 20 mole percent, as indicated above,

of ane or more aliphatic acids, including adipic, sebacic, azslaic,

10



o

10

20

WO 2009/055625

dadecansadioic acid or 1 4-cyclohexanedicarboxylic acid can be present.
Also preferred are copolymers denved from 1, 4-butanediol, ethoxylated
bisphenot A, and ferephthalic acid or reactive equivalents thereof.  Also
preferred are random copolymers of at least two of PET, PBT, and PPT, and
mbxiures of at least two of PET, PBTY, and PPT, and mixtures of any of the

fargoing.

The thermoplastic polyesier may also be in the form of copolymers
that cortain poly(atkylene oxide) soft segments.  The polvialkylans oxide}
segments gre to be present in about 1 to about 15 parts by weight per 100
parts per weight of thermoplastic polyester.  The poly{alkylene oxide)
segments have a number average molecular weight in the range of about
200 to sbout 3,250 or, preferably, in the range of about 600 to about 1,500,
Preferred copolymers contain poly{ethylene oxide) incorporated infe a PET
or PBRT chairnn.  Methods of incorporation are known to those skilled in the art
and can include using the polyfalkylens oxide) sofl segment as a
comonomer during the polymerization reaction to form the polyester. PET
may be blended with copolymers of PBT and af least one polylatkylense
aide}. A poly{alkyene pxide) may also be blended with a PET/IPBY
copolymer.  The inclusion of a poly{aikylene oxide) soft segment into the
polyestar padion of the compasition may accelerate the rate of
crystallization of the polyaster.

More preferred polyamides include polyamide 6, polyamids 86,
polyamide 812, polyamide 610, or other aliphalic polyamides and
semi-gromatic polyamides, such as those derived from terephthalic acid

1
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andfor isophthalic acid.  Examples include polyamides 6166, 6TDT, 9T,
107, 127, polyamides derved from hexamethylensdiamine, adipic acid,
and terephthalic acid; and polyamides derived from hexamethylenediamine,
Z-methyipentamethylenediaming, and terephthalic acid. Blends of two or

more palyamides may be used,

By a “liguid crystalline polymer” (abbreviated "LOP") is meant a
polymer that (s anisctropic when tested using the TOT test or any
reasonable variation thereof, as described in 1.5, Patent 4,118,372, which
is hereby included by reference. Useful LCP's include polyesters,
poly(ester-amides), and poly{ester-imides). One preferrad form of LCP is
“all aromatic”, that is all of the groups in the polymer main chain are
aromatic {excem for the inking groups such as ester groups), but side

groups which are not aromatic may be present.

The thermally conductive polymer compuosition can include

polymeric toughening agent as a component in the present invention.

When the thermoplastic polymer is a polyester, the toughening agent
will typically be an elastomer or has a relatively low melting point, generatly
<200°0, preferably <150°C and that has aftached to it functional groups that
can react with the thermoplastic polyester {and oplionally, other polymers
present). Since thermoplastic polvesters usually have carboxyl and
hydroxyl groups present, these functional groups usually can react with
carboxyl and/or hydroxyl groups.  Examples of such functional groups
inctude epoxy, carboxylic anhydride, hydroxyl {alcohol}, carbaxyl, and
isocyanate. Preferred funclional groups are epoxy, and carboxylic

12
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anhydride, and epoxy is especially preferred.  Such functional groups are
ustiglly "attached” fo the polymeric toughening agent by grafting small
molecutas onto an already existing polymer or by copalymerizing a
monomer containing the desired functional group when the palymeric
tougher molecules are made by copolymerization.  As an example of
grafting, maleic anhydride may be grafted onto a hydrocarbon rubber using
free radical grafting technigues. The resulling grafted polymer has
carboxylic anhydride and/or carboxyl groups attached to il An example of
a polymeric toughening agent wherein the functional groups are
copolymerized into the polymer is a copolymer of ethylene and a

{methiacrylate monomer confaining the appropriate functional group.

By {meth)acryviate hereln is meant the compound may be either an
acrylate, a methacrylate, or a mixture of the two.  Useful (meth)aarylate
functional compounds include {methlacrylic acid, 2-hydroxyethyl
{methiacrylate, glycidyt {meathjacrviate, and 2-isocyanatoathyl
{methacrylate.  In addition 1o sthylene and 8 functional {methjacrylate
monomer, other monomers may be copolymerized into such a polymer,
such as viny! acetate, unfunctionalized (methlacrylate esters, such as; sthy
{methjacrylate, n-butyl (methjacrylate, and cyclohexyl (methjacrylate.
Preferred toughening agents include those listed in US. Patent 4,753,880,
which i3 hereby included by reference.  Especially preferred toughening
agents are copalymers of sthylene, ethyl acrylate or n-butyl acrylate, and

giveidyl methacorylate.

13
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itis preferrad that the polymeric toughening agent used with
thermoplasiic polyesters contain about 0.5 o about 20 weight percent of
manomers comtaining functional groups, preferably about 1.0 1o about 15
weight percent, more preferably about 7 {o about 13 weight percent of
monomers containing functional groups.  There may be more than one type
of functional monomer present in the polymeric toughening agent. lthas
been found that toughness of the composition is increased by increasing
the amount of polymeric foughening agent and/or the amount of functional
groups. However, these amounts should preferably not be increased to the
point that the composition may crossiink, especially before the final part
shape is attained.

The polymeric toughening agent used with thermoplastic polyesters
may also be thermoplastic acrylic polymers that are not copolymers of
sthylene. The thermoplastic acrylic polymers are made by polymaerizing
acrylic acid, acrylate esters (such as, methyl acrylate, n-propyl acrylate,
isopropyt acrylate, n-butyl acryigte, n-hexyl aorylate, and n-octyl acrylate),
methacrylic acid, and methacrylate esters (such as, methyi methacrylate,
n-propyl methacrylate, isopropyl methacrylate, n-butyl methaocrylate,
isobutyl methacrylate, p-amyl methacrylate, n-octyl methacrylate, glycidy
mathacrylate (GMA) and the ike), Copolymers derived from two or more of
the forgoing types of monomers may also be ussd, as well as copolymers
made by polymerizing one or more of the forgoing types of monomers with
styrene, acryonitrile, butadiens, isoprene, and the like. Partor all of the

components in these copolymers should preferably have a glass fransiion

14
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temperature of not higher than 0°C.  Preferred monomers for the
praparation of a thermoplastic acrylic polymer foughening agent are methyl
acryiate, n-propyl acrylate, isopropyl acnvate, n-butyl acrviate, n-hexyl

acrylate, and n-octyl acrviate.

it ts preferred that a thermoplastic acrylic polymer toughening agent
have a core-shell structure.  The core-shell structirs is one in which the
core portion preferably has a glass fransition temperature of 0°C or less,
while the shell portion is preferably has a glass transition temperature
higher than that of the core portion.  The core portion may be grafted with
sificong.  The shell section may be grafted with a low surface enargy
substrate such as silicone, fluonne, and the tike.  An acrylic polymer with a
core-shell structure that has low surface energy substrates grafted to the
surface will aggregate with itself during or after mixing with the
thermoplastic polyester and other components of the compaosition of the

gwention and can be easily untformly dispersed in the composiion.

Suitable toughening agents for polyamides are described in U.S.
Patent 4,174,358, Preferred foughening agents include polyoclefing
modified with & compatibilizing agent, such as, an acid anhydride,
dicarboxylic goid or derivative thereof, carboxylic acid or derivative thergof,
and/or an epoxy group.  The compatibilizing agent may be infroduced by
grafiing an unsaturated acld anhydride, dicarboxylic acid or derivative
thereof, carboxylic acid or dervative thereof, andfor an epoxy group fo a
polyolein.  The compatibilizing agent may also be introduced while the

polyolefin is baing made by copolymerizing with monomers containing an

15
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unsaturated acid anhydride, dicarboxylic acid or derivative thereof,
carboxyic acid or derivative thersof, andior an epoy group. The
compatibifizing agent preferably contains from 3 o 20 carbon atams.
Exampies of typical compounds that may be grafted {o {or used as
comonomers to make) a polydlefin are acrylic acid, methacrylic acid, mateic
acid, fumaric acid, itaconc adid, crotonic acid, aifreonic acid, maleic

anhydride, taconic anhydnide, crotonic anhydride and dtracanic anhydride,

When used, the polymeric toughening agent will preferably be
present it about 0.5 {o about 30 volume percent, or more preferably in
about 1 1o about 20 volume percent, based on the total voiume of the

composition,

In the present invention, thermally-conductive filler material is added
to the bass polymer to form the thermally conductive polymer composition.
These filler materialg impart thermal conductivity to the non-conductive
base polymer.  Examples include ceramic powders, including aluminum
oxide, magnesium oxide, boron nitride, aluminum nitride, silicon nitride,
calclum fluoride, zinc oxide, glass fibers, and ceramic fibers, such as,

alumina fibers, calcium titanate fibers, and silicon nitride fibers.

The thermaiby-conductive filler material can be in the form of particles,
granular powder, whiskers, fibers, or any other suifable formy.  The parlicles
or granules can have a vanety of structures and a broad particle size
distribution.  For example, the particles or granules can have flake, plate,
rice, strand, hexagonal, or spherdcal-like shapes with a particle size up to
about 200 microns. As another example, the fibers can have alength up to

16
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about 3 millimeters.

The surface of the thermally conductive filler material can be
madified with a chemical agent having groups which can react with the
polymer composition.  For example, coupling agents, such as, silane,
titanate, zuconate, aluminate and zircoaluminate can be used for the
modification of the thermally condugtive filler materials. Typically, about
0.5 wt.% to about 5.0 wi. %, based on the thermally conductive filler matenal,

of the coupling agent is used.

An optional reinforcing material can be added {o the thermally
conductive polymer composition.  The reinforcing material can be glass,
norganic minerals, or other suitable strengthening material, The
reinforging material strengthens the polymer composition.  The reinforcing
miaterial, if added, constitutas about 3% to about 25% by volume of the

compasition.

Further, electrically-conductive materials in small amounts {about 1%
{o about 10% based} based on volume of the composition can be added to
increase thermal conductivily.  However, s important that the total
elactrical resistivity of the composition be kept at 10" ohm-cm or greater.
For example, copper, copper alloys, such as, copper-tin, and graphite can

be added.

The thermally conductive polymer composition optionally may
include one or more plasticizers, nucleating agents, flame retardants, flame
retardant synergists, heat stabilizers, antioxidants, dyes, pigments, mold

release agents, fubricants, UV stabilizers, adhesion promoters and the like.
17
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The thermally conductive polymer compositions used in the present
invention are in the form of a melt-mixed or a solution-mixed blend, wherein
all of the polymeric components are well-dispersed within each other and alf
of the non-polymeric ingredients are homogenesously dispersed in and
bound by the polymer matrix, such that the blend forms g unified whole.
The blend may be oblained by combining the component matenals using
any mel-mixing method or by miking compoanents other than malrix polymer
with monomers of the polymer matrix and then polymerizing the monomers.
The component materials may be mixed o homogeneaity using a melt-rixer
such as a single or twin-screw extruder, blender, kneader, Banbury mixer,
etc. 1o give a resin composition,  Par of the materials may be mixed in a
melt-mixer, and the rest of the materisls may then be added and further
melt-mixed untll homogeneous. The sequence of mixing in the
manufacture of the thermally conductive polymer composition of this
wvention may be such that individual components may be meited in one
shot, or the filler and/or other components may be fed from a side feeder,

and the like, as will be understood by those skilled in the art.

Adhesive Component

Useful adhesive components used in the invention as an interface
betwean the stator core and the over-moidead insulating layer of the
thermally conductive polymer composition include compounds capable of
adhering to both the surface of the stator core and the housing of thermally
conductive polymer composition.  Examples include various compoundds

based on silane, Hanate, zirconate, aluminate and sircogluminate.

18



WO 2009/055625 PCT/US2008/081038

Usaful titanium based compounds include, but are not limited to,
monoatkoxy fitanates, such as, isopropy! n{N-sthyvlaminoethylaming)
fitanate, isopropyt ti-isostearoy! titanate and Hanium

di{dicctylpyrophosphate) oxyacetate; coordinate tifanates, such as,

o

tetraisopropyl difdioctyiphosphitoititanate,; and neoalkoxy titanates, such as,
neoalkoxy ris{dodecanoyt) benzenes sulfonyl zirconate, necalkoxy
fri{p-N-{beta-aminoethyilaminophenviitlanate. Other types include chelate,

quaternary and cyclohetercalom titanates,

Useful zirconium based compounds mclude, but are not limited to,
10 neocalkoxy zirconatles, such as, necalkoxy trisneodecanoy! zirconate,
necalkoxy fris{dodecanoyt) benzene sulfonyl zirconate, neocalkoxy
fristm-aminophenyl} zirconate, ammonium zirconium carbonate and

zirconium propionate.

Useful silicor based compounds include a wide variety of silanes.

15 QOne type of usseful silane is represented by the formula
RanSiK, (1)

wherein R is an alkyl or arvl group, or a functional group represented

by the formula CHyY (D

wherein xis from 8 to 20 and Y is selected from the group consisting
20 of amino, amido, hydroxy, alkoxy, halo, mercapio, carbory, acyl, vinyl, aliyl,
styryl, epoxy, isoovanato, glvcidoxy and acryioxy groups. Kisa
hydrolyzahle group, such as, alkoxy {s.q., methoxy, sthoxy, and the like},

phenoxy, acatoxy, and the like, or halogen (e.g., chionne) andnis 1,2, Sor

18
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4. and preferably nis 3.

The gdhesive componenis represented by formuia (1) include
halosilanes, amincatkoxysitlanes, aminophenylsilanes, phenylsilanes,
heterocyclic silanes, N-hsterocychic silanes, acrylic sitanes and mercaplo
sifanes. Mibdures of two or more silanes also are useful. Inone
embodiment K is OR wherein R is an alkyl group containing up to about &
carbon atoms or an aryl group containing up © abowt 8 carbon atoms,. In
other embodiments x is an integer from 0 to 10 and more often from 1 fo

shout 5

The adhesive component can be an epoxy silane represented by the

formulg

B3
W/RE

wherein: R, R® and R® are independently hydrogen or hydrocarbon
aroups; R and R® are indepandently atkylena or alkylidene groups; and R,
R’ and R” are independently hydrocarbon groups. The hydrocarbon
groups preferably contain 1 to about 10 carbon atoms, more preferably 1 to
about 6 carbon atoms, more preferably 1 to about 4 carbon atoms.  These
hydrocarbon groups are preferably alkyl.  The alkylene or alkdidene groups
R4 and RS preferably contain from 1 to about 10 carbon atoms, more
preferably 1 to abowt 8 carbon atoms, more preferably 1 1o about 4 carbon
atoms, more preferably 1 or 2 carbon atoms.  The alkylene and alkylidene

groups can be methylene, ethylene, propylene, and the like.

20



WO 2009/055625 PCT/US2008/081038

The adhesive component can also be an aorylic sitane represented

by the formula IV

%,
g

wherein: R®, R and R" are independently hydragen or hydrocarbon
groups; R is an alkylene or alkylidene group; and R™, R™ and R" are
5  independently hydrocarbon groups. The hydrocarbon groups preferably
corain 1 to about 10 carbon aloms, maore preferably 1 to about 6 carbon
atoms, more preferably 1 to about 4 carbon atoms.  These hydrocarbon
groups are preferably alkyl {e.g., methyl, ethyl, propyl, and the like). The
atkylene and alkylidene groups preferably contain from 1 1o about 10 carbon
10 atoms, more preferably 1 1o about 8 carbon atoms, more preferably 1 fo
about 4 carbon atoms.  The alkylene groups include methylens, ethylene,

propyiene, and the ke

The adhesive component additionally can be an amino silane

represented by the formula V

wherein: R'® RY and R™ are independently hydrogen or
hydrocarbon groups; R™ and R* are independently alkylene or alkylidene
groups; R*, R* and R™ are independently hydrocarbon groups. The

hydrocarbon groups preferably contgin 1 1o about 10 carbon atoms, more
21
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preferably 1 to about 8 carbon atoms, more preferably 1 {o about 4 carbon
atoms. These hydrocarbon groups are preferably alkyl {e.q., methyl, sthyl,
propyl, and the tike). The alkylene and alkylidene groups preferably conlain
from 1 to about 10 carbon gloms, maore preferably 1 1o about 6 carbon
atoms, more preferably 110 about 4 carbon atoms.  The alkylene groups

mclude methylens, ethylene, propylene, and the ke

Mercapto silane adhesive components can he represenied by the

foarmuia Vi

whaerein R* is hydrogen or a hydrocarbon group; R™ is an alkylene
or alkylidens group; and R™, R¥ and R® are independently hydrocarbon
groups. The hydrocarbon groups preferably contain 1 to about 10 carbion
atoms, more preferably 1 to about 6 carbon atoms, more preferably 1to
ahout 4 carbon atoms.  These hydrocarbon groups are preferably atkyvl (8.9.,
methyl, ethyl, propyl, and the like).  The alkylene and alkylidense groups
preferably contain from 1 o about 10 carbon atoms, more preferably 1o
about & carbon atoms, more preferably 1 {o abowt 4 carbon atoms. Thease
groups are preferably alkylens {e.g., methylene, aethylene, propylene, and

the fike).

Vinyl adhesive components can be represented by the formula Vil
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wherein: RY, R RY R¥ and RY are independently hydrogen or
hydrocarbon groups; RY, R™ and R*® are independently alkylene or
alkylidene groups: each R™ is independently a hydrocarbon group: Ar is an
5 aromatic group; and X is a halogen. The hydrocarbon groups preferably
contain 1 to about 10 carhon atoms, more prefarably 1 to about 6 carbon
atoms, more preferably 1 to about 4 carbon atoms.  The hydrocarbon
groups are preferably alkyl (e.g., methyl, ethyl, propyl, and the like}. The
alkylene and alkylidene groups preferably contain from 1 to about 10 carbon
10 atoms, more preferably 1 {o about & carbon atoms, more preferably 1 to
about 4 carbon atoms.  These groups are preferably alkylense (e.g.,
methylens, ethylene, propylene, and the like). The aromatic group Ar can
be mononuclear (e.g., phenylene) or pohynuclear {e.q., naphthylene) with
the mononuclear groups and especially phenylene being preferred. The

15 halogen, X, is preferably chionine or broming, more preferably chiorine.

The adhesive component can be a bis-silane representad by the

formuda Vil

wherein R®, R¥ r® R R™ and R™ are independently

20 hydrocarbon groups: RY is an atkylene or atkylidene group, The
23
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hydrocarbon groups preferably contain 1 1o about 10 carbon atoms, more
praferably 1 to about 8 carbon atoms, more preferably 1 {0 about 4 carbon
atoms. These hydrocarbor graups are preferably atkyl (e.g., methyl, athy,
propyl, and the like}. The alkylens and alkylidene group preferably containg
from 1 to about 10 carbon atoms, more preferably 1 o abowt 8 carbon
atoms, more preferably 1 to about 4 carbon atoms.  R* group is preferably
alkviene {g.g., methviens, ethviene, propylene, and the like).

Uselul sdhesive components of zircoaiuminate compounds include,

but are not imited {o, compounds presenied by the formula {X.

(X}

wherein R is an alkylene or alkylidense group. The alkylene and
alkylidene groups preferably contain fram 1 to about 10 carbon atoms, more
preferably 1 to about 6 carbon atoms, more preferably 1 {o about 4 carbon
atoms. The alkylene groups include methylene, sthvlene, propylense, and
the like. X is groups which can react with 8 group of base polymers of the

compasition ). Examples are NHy, COOH and SH.

The adhesive componants can be coated on the stator core by, but
are not imited to, dipping, spraying and spin coating method. In the coating
process, the adhesive components may be dissolved into a medium, such

as, methanol, ethano! and isopropy! alcohol to allow for application of a
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unform coat on the metal surface of the stator core.  After coaling, the
adhesive components on the stator core may be dried to enhance curing the

adhesive components.

Anocther example of ulilizing the adhesive components 1s {o blend
the adhesive components with {he thermally conductive polymer

gcompositions and then over-molding with the blend over the stator core.

The surface of the stator core can be modified by oxidation or
hydroxylation (o improve reactivity with the adhesive components as will be

understood by those skilled in the art.

The process for forming a stator assembly of this invention of a stator
core, which comprises laminated electromagnetic steel sheets and wire
wound cotls, comprisas ovaer-maolding the stator core with an insulator
coverning (b} between the stator core and the wire wound coils and applying
an adhesive component {¢) between the stator core and the over-molded

insulator covering (b},

When the stator core is coated with the aghesive components prior
to over-molding process, the thermally conductive polymer compasition can
be shaped inte an msulator which will covey muitipie poles of the stalor core
using an injection or insert mplding process after the stator core is freated

with the treatment on the stator core with adhesive component {c).

in the insert molding process, the stator is placed within the mold for
the insulator.  The molten polymer composition is injected into the mold so

that the composition covers the multiple poles of the stator core where wire

25
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is wound o form a coll after this over-molding process.

The thermally-conductive insulator covering for the stator of the
present invention has many advaniageous features over conventional
assemblies. One of advantages is, the housing has improved thermal
conductivity properlies. Referring to FIG. 1, these heat transfer properties
altow for the removal of heat from the coll 2 wherein heal s generated and
builds up guickly from the operation of the motor or generator. The
over-molded insulator efficiently transfers heat from the coil to the metal

stator core and prevents overheating of the motor or generator.

in this manner, it is important to fransfer heat between the stator
core{a) and the thermally conductive polymer composifion (b} with the

adhesive companent (C) providing improved heat transfer.

it is appreciated by those skilled in the art that various changes and
modifications can be made to the description and illustrated embodiments
herein without departing from the spirit of the present invention.  All such
madifications and changes are intended o be covered by the appended

claims.
The following Examples lustrate the invention.

EXAMPLES
The effectiveness of the adhesive components in the interface

betweean the stator core and thermally conductive polymer composition for

enhancing heat transfer is demonstrated by the following:

28
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A thermally conductive polymer compasition was prepared by melt
blending the ingredients shown in Table 1 in a kneading exiruder at
temperatures of about 330-360°C.  Upon exiting the extruder, the
composition was cooled and pelletized.  The resulling composifion was
infaction molded into test pieces having dimensions 100 mmx 100 mmx 3.2
mm for thermal conductivity measurements.  Thermal conduchvity of the
composition was measured by Hot Disk Method and the resulls are shown

in Table 1.

40mm x 23mm x Smm size SUS304 (stainless stesl) block was
dipped in Primer 1 which comprises organosilane mixture, that is supplied
as APZ-8601 from Dow Corning Toray Co., Lid, and dried at 100°C for 10

inutes.

The SUS block costed with organosilane for Example 1 and
non-coated SUS block for Comparative Example 1 were over-molded by
imaction molding with the thermsily conductive palymer composition
resufting in a Tmm thick over-mold layer.  Thus, the dimensions of the

over-molded blocks were 42mm X 25mm x 10mm.

After incubation at 23°C for a day (24 hours), the over-molded blocks
8 {see Fig. 4) were put on the hot plate 9 which was controlled to keep iis
surface temperature at 200°C.  Rise of temperature of the inner SUS304
was monitored by the thermocouple probe 10 inserted into the core
SUS304, and the temperature was recorded by 10 seconds interval, As
seen from FIG. §, the temperature of SUS304 over-molded and having the
organosilane adhesive component {(Example 1, the invention), rose faster
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than that of the over-molded without any adhesive component
{Comparative Example 1), This result indicates that the adhesive
component enhances the heat transfer batween over-molded thermally
conductive polymer composition and inner SUS304 metal block.

This means a molor or generalor having a stator assembly
COMPHSInG:

{a) a stator core made of laminated slectromagnetic steel sheats and

confaining wire wound coils;

{b} an over-molded insulator covering the stator core; wherein the
aver-malded insulator comprises a thermally conductive polymer

compaosition having a thermal conductivity of at least about 0.8W/mK; and

{c} an adhesive component interfaced between the stator core a) and
the over-molded insulator (b) can relegse heat generated in the coll
efficiently.

The following ingredients for Composition 1 are shown in Table 1
following:

HTN: ZytelHTNE 501 supplied by E.I. du Pont de Nemours and
Company.

Modified-EPDM: EPDM {ethylene/propylensidiens polyolefin}
grafted with maleic anhydride supplied by E.L. du Pont de Nemours and

Company.

Tale: HTRZe supplied by Tomoe Kogyo.
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Table 1
Composition 1
"""""""""" HTN(wol%y | 70
Modified-EPDM {(val. %) &
Talc {vol. %) 25
Thermal Conductivity {W/mK) 0.7
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CLAIMS

What is clamed is:
1. A stator assembly comprising

{a} a stator core comprising laminated electromagnetic steel sheets
and further comprising wire wound cails;

{Ib) an over-molded insulator covering the stator corg and being
positioned between the stator core and the wire wound coils, whereiny the
over-malded insulator comprises a thermally conductive polymer
composition having a thermal conductivity of at least about 0.6W/imK; and

{c) an adhesive componeant interfaced batween the stator core a) and

the over-molded insulator (D).

2. The stator assembly of claim 1 whersin the thermally conduchive
palymer composition comprises a base polymer and 8 filler material;
wherein the base polymer s selected from the group consisting of
thermoplastic polymers and thermosetting polyrers and the polymer

contamns groups that are reactive with the adhesive component (o}

3. The stator assembly of claim 2 whersin the thermally conduchive
potymer composition comprises of & thermoplastic polymer and &

foughening agent.

4. The stator assembly of claim 1 wherein the adhesive component is

& primer coated on the stator core {a).
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5. The stator assembiy of claiin 4 wherein the primer comprises a
coupling agent selected from the group consisting of silane, titanate,

zircanate, sluminate and zircoaiuminale.

8. The stator assembly of claim § wherein the thermally conductive
polymer composition comprises a thermoplastic polymers having groups

which can react with the coupling agents of the primer.

7. A process for forming s stator assembly of a stator core comprising
laminated electromagnetic steel shests and further comprrising wire wound
coils which comprises over-molding the stator core with an insulator
covering between the stator core and the wire wound coils and applying an
adhesive component between the stator core and the over-molded insulator
covernng;

wherein the insulator covering comprises a thermally conductive
polymer compasition having a theymal conductivity of at least about 0.8

Wimk.

8. The process of claim 7 wherein the thermally conductive polymer
composition comprises a base polymer and a filler material; whereain the
base polymer is selected from the group consisting of thermoplastic
polymers and thermosetting polymers and the thermally conductive

polymer cantains groups that are reactive with the adhesive component.
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8. The process of claim 8§ wherein the adhesive component is a primer
COMprising a coupling agent selected from the group consisting of silaneg,

fitanate, zirconate, aluminale, zircoaluminate,

10 A motor comprising the stator assembiy of olaim 1

11 A generator comprising the stator assembly of claim 1.
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