(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property
Organization

International Bureau

(10) International

(43) International Publication Date
16 January 2014 (16.01.2014)

P O

PCT

(51) International Patent Classification:
H02K3/24 (2006.01)
(21) International Application Number:
PCT/US20 13/049503

(22) International Filing Date:
7 July 2013 (07.07.2013)

(25) Filing Language:

English

(26) Publication Language:

English

(30) Priority Data:
13/548,199
13/548,203

13 July 2012 (13.07.2012)
13 July 2012 (13.07.2012)

Publication Number

WO 2014/011511 A2
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(72) Inventors; and
(71) Applicants : MARVIN, Russel [US/US]; 88 E . Hyerdale
Dr., Goshen, Connecticut 06756 (US). JOHNSON,
Thomas [US/US]; 571 Northwood Dr., Guilford, Con
Declarations under Rule 4.17 :
necticut 06437 (US).
— as to the identity of the inventor (Rule 4.1 7(Ϊ))
(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM, — as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.1 7(in))
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

[Continued on next page]
(54) Title: GLYCOL COOLED HIGH EFFICIENCY PERMANENT MAGNET MACHINE

(57) Abstract: A permanent magnet motor, generator or the like
that is liquid cooled using glycol or similar fluid with the cooling
applied directly in the winding slots of the stator and in self con
tained loops such that no adverse loops are formed.

<
©
o

o

w o 2014/011511 A2 1I
of inventorship (Rule 4. 1 7(iv))

11

II

I

1

I

1

II

III

II II

II II il II I II

Published:
without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

SPECIFICATION

Background of the Invention
Rotary electric machines including electric motors, generators, and the like have
employed various cooling methods including air cooling and liquid cooling. Liquid
cooling is used to help make motors smaller and to remove the heat more
efficiently.
The most common liquid cooling design uses a cooling jacket wrapped around
the outside of the stator assembly. This can be seen in US patent 5,448,

8,

included herein by reference. In this design there is an aluminum extrusion that
surrounds the outside of the stator and has passages for cooling fluid to pass
through. This design cools the stator better than air, but is limited by i) the
conductivity between the jacket and the stator, ii) the poor conductivity of the
stator laminations, iii) the conductivity of the slot liners, and iv) the poor
conductivity between the winding and the slot liners.
Another method that is commonly used is passing cooling through the stator
laminations or into slots cut into the stator laminations. Either of these has similar
disadvantages to the cooling jacket design.
Further, some techniques involve spraying fluid directly on the stator or

submerging the stator. These have the disadvantage of either being complex or
having the fluid cause drag between the rotor and the stator.
There are a couple of techniques to place the cooling jacket through the winding
slot. One of these is forcing fluid down the center of a conductor. Typically the

fluid in this case is a non-conductive oil. This has the disadvantage of requiring a

special fluid and some complex manufacturing methods to provide the fluid
channel. Other techniques place a pipe or vessel down through the slot with
cooling fluid in it. These typically also use non-conductive oil and have non-

conductive connections to a manifold at their end. An example of this can be
found in U.S. patent # 3,1 12,41 5 , incorporated herein by reference.
Rotary electric machines including electric motors, generators, and the like have
also employed various types of stator windings.
The most common stator winding type is an integer-slot winding wherein the
number of slots per pole per phase is an integer. A n example of this is a 4 pole
12 slot, 3 phase motor. The number of slots per pole per phase is 1 and therefore
an integer. These windings typically require some relatively complex end turns to

wire them properly.
Another type of winding is a fractional-slot winding. When the number of slots per
pole per phase is a fraction greater than one, this is called a fractional-slot
winding. This also has complicated end turns and has the disadvantage of being
less efficient. It is sometimes used to smooth out torque ripple or for other
specific applications.
The third type of winding is a concentrated winding when the number of slots per
pole per phase is a fraction less than one. These can also be called nonoverlapping concentrated windings. They have the disadvantage of decreasing
the inherent efficiency of the device, but make the end turns very simple and can
facilitate other advantages. An example of a concentrated winding would be an 8
pole, 9 slot, 3 phase machine. The number of slots per pole per phase is 0.375 in

this case. The fundamental power from this configuration is reduced by 5.5%.
Concentrated windings can be single layer or double layer designs. Single layer
designs have windings that are wound only on alternating stator teeth and only
apply where there is an even number of stator slots/teeth. Double layer designs
have coils wound on every stator tooth. In this configuration, there is a coil that
surrounds each of the teeth on the stator and there is the same number of coils
as slots. In this configuration, each slot has half of one coil and half of another

coil going through the slot and the end turns are very short. Ideally, the end turns

can be as short as the width of the stator tooth.

Rotary electric machines including electric motors, generators, and the like have

also employed various methods of constructing stator windings.
One common method is random winding. This method can use rectangular or

round wire, but typically uses round wire. Here the windings are placed by the

winding machine with the only requirement that they be located in the correct
slot. This is the easiest method of stator winding, but results in the lowest amount

of conductor in the slot and therefore the lowest efficiency.
Another common method is traditional form winding. This method typically uses
rectangular wire with mica tape located between conductors to separate any
conductors that are significantly different in voltage. This insures a robust winding
for higher voltage machines or machines that are prone to partial discharge. This
is the most labor-intensive type of winding and is typically used in machines that

are less cost sensitive.
One winding type that is not typical in motors, is used in certain types of

transformers, chokes, and inductors is bobbin layer winding. This type of winding
places conductors in exact locations for very accurate stacking of wires. This can
achieve a high amount of conductors in a small area for high efficiency. This is
not typically used for stator windings because it is not typical to be able to bobbin

wind a coil and then insert it into a stator assembly. In the few cases where it is
used with a conventional stator, the insertion of the coil into the stator will jumble

the wires to render it similar to a random wound coil.

Summary of the Invention

The machine described herein incorporates several novel construction methods
in its stator. It uses in slot liquid cooling with a configuration that allows the use of

conductive fluid such as ethylene glycol. This configuration places the cooling
component between the winding and the stator laminations to give ideal cooling
for the winding as well as the stator laminations. Further this design uses metallic
vessels that contain the liquid cooling medium for high reliability. These metallic
vessels are brazed together into manifolds to efficiently direct the liquid to where
the heat is generated.

The winding is a Layer Form Winding, which combines the advantages of
traditional form winding with a manufacturing method that is much lower cost.
This technique exactly places conductors in specific locations and insures that no
conductors with significant potential differences are located next to each other.
This is accomplished with multiple parallel smaller conductors that are arranged
carefully.
This design is ideally suited to concentrated winding designs where each coil
surrounds a single stator tooth. In this case the coil is divided into two coils - and
inner and an outer. The inner coil is bobbin wound and slides on. The outer coil is
bobbin wound and then stretched on.

The combination of these approaches leads to a very reliable, small, efficient,
and low cost design.

Description of the Drawings

Figure 1 is a three dimensional view of the stator and rotor assemblies,
Figure 2 is a cross sectional view of the stator and rotor assemblies of Figure ,
Figure 3 is cross sectional view of the stator assembly,
Figure 4 is a detail view of the stator assembly shown in Figure 3 ,
Figure 5 is a cross sectional and plan view of an individual coil and manifold

assembly,
Figure 6 is a cross sectional view of an individual coil and manifold assembly

identified as section A-A in Figure 5 ,
Figure 7 is a detail of the cross sectional view shown in Figure 5 ,
Figure 8 shows a cross sectional view of the inner and outer windings,
Figure 9 shows a view of the bobbin with the first few windings installed,
Figure 0 shows a view of winding start cover with the first few windings installed
and bobbin hidden,

Figure

shows a detail of the manifold end of the coils with just the first few

wraps shown,
Figure 2 shows a cross section view of stator assembly with an outer coil
inserted, and

Figure 3 shows the outer coil shapes as they are being inserted.

Description of Preferred Embodiment

Referring particularly to Figure , a rotor 3 is shown surrounded by a stator
lamination 1 and stator coils 2 . Also shown is a fluid manifold 4 for supplying
coolant to the motor or generator.
Figure 2 shows more detail on the rotor configuration showing magnets 5 and tab
pole plates 6a and 6b. This rotor configuration is the same as shown in the two

patent applications SN 3438792 and SN 3438803 filed on April 3 , 201 2 , and
each incorporated herein by reference.

The stator shown in Figure 3 has a double layer concentrated winding since
there is a winding around every stator tooth. In addition, the stator winding has
an inner portion 7 and an outer portion 8 as shown in Figure 3 and Figure 4 . The

inner and outer portions are separate and distinct from this being a double layer
winding which refers to there being a winding around every stator tooth.
The winding surrounds a cooling manifold 9 as shown in Figure 4 . There are 2
redundant coolant loops denoted as 18 and 19 shown in Figure 4 , Figure 5 ,
Figure 6 , and Figure 7 . These coolant loops can be connected to their own pump
and designed such that only one loop is necessary to keep the machine cool.

This can increase the reliability of the system significantly. The same principle
can be applied with more than 2 coolant loops where not all of the loops are

required to keep machine cool. Coolant enters at tube 18a and travels through

cast aluminum manifold section 18b then through aluminum plate 18c and into
aluminum extrusion channel 18d. From here the fluid flows through hole 18e in
lower cast aluminum manifold and then to passage 18f in lower cast aluminum
manifold cap and back to hole 18g in lower cast aluminum manifold. From here it
passes up through passage 18h in the aluminum extrusion, through hole 18i in
aluminum plate, through passage 18j in aluminum manifold section and back

through hole 8k in aluminum plate. Again it passes through

8 1 in

aluminum

extrusion, through hole 18m in lower cast aluminum manifold, through passage
18n in lower cast aluminum manifold cap, and back through hole 18o on lower
cast aluminum manifold. From here it passes through 18p in aluminum extrusion,
through hole 18q in aluminum plate, and into passage 18r in aluminum manifold.
From here the full detailed path is a mirror image of what has just happened, but
in general the fluid passes through the extrusion and back to manifold 18s,

through extrusion, and back to manifold 18t to then exit through tube 18u.
Passage 19 follows a similar path going from 19a, 19b, 19c, 19d, 19e, 19f, 19g,
19h, 19i, 19j, 19k, 191, 19m, 19n, 19o, 19p, 19q, 19r, 19s, 19t, and 19u.
This flow path is desirable since there are no loops around stator teeth that are
formed with the coolant. This is important because it allows the use of conductive
fluids such as a water and ethylene glycol mixture without sacrificing any
performance. Further, it allows the use of metals to hold cooling fluid with brazed
or soldered joints without causing any shorting paths. While using soldering or
brazing, a preferable method of adding filler material is either by using stamped

foils inserted between components or by applying paste on one of the surfaces.
Having a soldered or brazed joint is important for the overall reliability of the

system and is preferable to O-rings, hoses or other insulation systems.
Fluid can pass through this passage in either direction but preferably is in a cross

flow configuration. These can be manifolded from a single end and can be
connected in parallel or in series. A parallel configuration is the preferred method
due to reduced fluid pressure drop with smaller passages.
Using conductive materials such as aluminum right next to stator laminations

does have some engineering challenges. The gap between stator lamination 1
and cooling vessels 9a and 9b as shown in Figure 4 is critical. There are stray

magnetic fields that are slightly outside of the stator laminations that can cause

eddy currents if there is conductive material very close. This can be mitigated by
allowing a small gap between these components. The size of the gap is a
function of how high the flux density is in the adjacent stator laminations. If the
gap needs to be large enough such that the thermal conductivity of the VPI fluid
is not sufficient, a thermally conductive layer can be added to enhance heat flow.

This layer needs to have some electrical resistivity so as not to generate eddy
currents, but does not need to be a true insulator as normally used for slot liners.
If used, this layer should have a thermal conductivity of at least 1 W/mK and

preferably 0 W/mK. Its electrical resistivity should be at least 00 Ohm cm and
preferably 10,000 Ohm cm.
The winding is preferably made with round wire as shown in the cross sectional
view Figure 8 . The winding is a close packed configuration where each wire is
individually placed for optimum packing density and thermal conductivity. Inner
winding 7 and the outer winding 8 are placed in parallel. Additionally all of the
coils of a given phase are connected in parallel. This allows the use of the

minimum size wire for easier coil manufacturing. Figure 8 shows an inner winding
7 with thirteen parallel windings denoted A , B , C , D, E , F, G , H ,

I,

J , K , L , and M .

This inner winding shown has 44 turns for each of the thirteen in hand windings.
These turns are denoted as the number after each letter i.e. A 1 is turn 1 on
winding and B4 is turn 4 on winding B . It is an object of this winding design to
arrange the turns so that there is not a high voltage difference between adjacent
wires. Since all the turns are connected in parallel this means that you don't want
wires with significantly different numbers next to each other. Ideally it is good to
make it so that there is less a difference of at least one quarter the total number
of winds so that the voltage difference is one quarter of the motor voltage at a
maximum. A triangular cross section of the inner winding 7 as shown in Figure 8
is a preferred shape to allow installation of the windings. An alternate shape

would be a truncated triangle or quadrilateral. With a triangular cross section of

the inner winding 7 as shown in Figure 8 it is particularly tricky to arrange the

wires near the point of the triangle. This wire M is shown with all 44 winds. In this
case it was not possible to have a small voltage difference between M6 and M31
or between M7 and M42 for instance. These cases have differences of 25 and 35
respectively and are much greater than the desired

since

is one quarter of

the number of turns. For this reason a piece of mica tape 20 is added to separate

these conductors. The outer winding 8 as shown in Figure 8 is wound in a similar
configuration with multiple wires in hand.
The inner winding 7 as shown in Figure 3 and Figure 4 is designed to be installed
by sliding over the tooth. The triangular shape allows installation of all of the coils

without deformation so these can be bobbin wound and slid on easily. The outer
winding 8 as shown in Figure 3 and Figure 4 is installed after all the inner
windings are installed. The winding insertion shape is shown in Figure 2 and
Figure 3 . To accomplish this, the outer winding is flattened to shape 27 as

shown after winding and then stretched back into shape while inserting the
winding into the slot, first to shape 26 and then finally to shape 8 as shown in
Figure 12 and Figure 13 . Alternatively, the winding can be wound in that distorted

shape to save the flattening step. After the outer windings are installed a wedge
block can be inserted in between each pair of outer windings to force the inner
and outer windings into close contact. Due to the uneven nature of these

windings, it is preferable to place a wicking material between them so that
retention of VPI fluid is insured in the final assembly. The location of this wicking
is the entire surface between the inner and outer coil and is shown by 16a, 16b in

Figure 5 .
It is preferable for the outer winding to be wound around a removable mandrel

rather than a bobbin to accommodate the defamation of the coil during insertion.
Further, without a bobbin, it may be necessary to use adhesive to secure the

wires in location between the time it is wound and the time it is inserted into the

stator. It is important to apply the adhesive only in areas of the coil that do not
slide during the deformation process.
The winding process is critical to get a properly formed coil for assembly into this
machine. One critical parameter of the winding process is to get proper tension
on the wire while winding, preferably by having individual control of the tension
on each wire. Further, since a winding machine for this type of winding must

have multiple spools of wire it is important to be able to determine when to
change each spool of wire on an individual basis. A preferable way of doing this
is by weighing the spool of wire continuously on the winding machine. To

accommodate this method it is important to use a circular spool of wire rather
than a pail of wire to get accurate readings from the scale.
Assembly order of the windings is important. It is preferable to install all the inner
windings before the outer windings are installed. While this is not critical, it is
critical to have all the inner windings installed before the last two outer windings
are installed to accommodate installation of all the inner windings.

The inner coil is preferably wound around a bobbin 0 as shown in Figure 7 and
Figure 9 . The bobbin acts as a slot liner to give primary insulation between coil
and the grounded stator laminations and cooling manifolds. Due to the higher

heat fluxes generated with more compact machines of this type, the thermal
conductivity of this is very critical. This can be accomplished by some
combination of making it thin and using high thermal conductivity material. It is
desired to have at least a thermal conductivity of 1 W/mK and preferably a
conductivity of 0 W/mK. Since this material also needs to be an electrical
insulator to act as primary insulation, metals typically do not work. To function as
primary insulation, electrical resistivity needs to be greater than 1000 Ohm cm
and preferably greater than 0

Ohm cm. Plastics typically have thermal

conductivities less than 1 W/mK, but there are some plastics such as those made

by Coolpoly in Rhode Island USA that achieve this combination of properties.

Materials such as Liquid Crystal Polymer (LCP) and Polyphenylene Sulfide
(PPS) make good choices due to their heat stability but need to have special
fillers to achieve high thermal conductivity.
With accurate placement of wires, it is very important to start the coil properly. If
you are using a bobbin 0 as shown in Figure 9 , a preferable approach to start

the wires is to place a cover 22 over pigtails 2 1 to align the wires in the correct
starting position and to form a rigid or semi-rigid cover for the 2nd wrap of wire to
go over. This cover can neatly route the pigtails as shown in Figure 10 to give the

correct starting position for each wire. It is preferable to have slots or recesses 23
in the edge of the cover 22 to give maximum guiding of the 2nd wire layer.

When you are layer winding it is preferable to have the exact nested
configuration on 3 sides of the windings with 2 of these sides being the ones that
go through the slot. When you go back and forth with winding, one side has to

get a bit jumbled as shown in Figure 11. The first layer has wires angled 24 and
the second layer has wires angled 25 in reverse. It is desirable to do this on only
one end on either end turn. This minimizes the volume of wire and maximized

thermal conductivity. The combination of this type of winding with careful
attention to wire voltage separation is called "layer form winding."

CLAIMS

. A rotary electric machine comprising a stator having a circumaxially spaced
series of axially extending teeth defining a similar series of circumaxially spaced
winding slots therebetween, a plurality of stator windings at least partially
disposed respectively in the slots, means defining a plurality of elongated coolant
passageways disposed respectively in the slots, a manifold interconnecting the
coolant passageways at one end and supplying at least partially electrically
conductive coolant to the passageways, and means defining a series of
passageways communicating with the coolant passageways and serving to
directly interconnect the same and thus provide cooling loops confined entirely
within the slots for the flow of coolant in one and an opposite direction to and
from the manifold.

2 . A rotary electric machine as set forth in claim 1 wherein the coolant is a

mixture of ethylene glycol and water.

3 . A rotary electric machine as set forth in claim 1 wherein dual parallel coolant

loops are provided for each stator slot, and wherein independent manifold and
coolant supply sources are provided for the loops.

4 . A rotary electric machine as set forth in claim 1 wherein the means defining

the coolant passageways is of metallic construction.

5 . A rotary electric machine as set forth in claim 4 wherein the means defining

the coolant passageways is at least in part aluminum.

6 . A rotary electric machine as set forth in claim 4 wherein the construction

employs soldering.

7 . A rotary electric machine as set forth in claim 4 wherein the construction

employs brazing.

8 . A rotary electric machine as set forth in claim 7 wherein the brazing filler

material is added in sheet form.

9 . A rotary electric machine as set forth in claim 7 wherein the brazing filler

material is added in paste form.

0 . A rotary electric machine as set forth in claim 5 wherein the construction is at

least in part extruded aluminum.

11. A rotary electric machine as set forth in claim 4 wherein casting is employed
in making at least some of the passageways.

12 . A rotary electric machine as set forth in claim 1 wherein the windings are of
the concentrated type.

13 . A rotary electric machine as set forth in claim 1 wherein each winding is
provided in two distinct sections.

14. A rotary electric machine as set forth in claim 1 wherein the rotor of the tab

pole type.

15 . A rotary electric machine comprising a stator and rotor wherein said stator is
liquid cooled with at least two independent liquid paths which can be operated

with the fluid circulating through only a subset of the paths.

6 . A rotary electric machine comprising a stator having a circumaxially spaced

series of axially extending teeth defining a similar series of circumaxially spaced
winding slots therebetween, a plurality of stator windings at least partially
disposed respectively in the slots, means defining a plurality of elongated coolant
passageways disposed respectively in the slots, each slot having at least one
coolant passageway flow direction away from the manifold and at least one
coolant passageway flow direction toward manifold.
7 . A rotary electric machine as set forth in claim 16 wherein each slot has at

least two coolant passageways with fluid flowing away from manifold and in each
slot has at least two coolant passageways with fluid flowing toward the manifold.
18 . A rotary machine set forth in claim 16 wherein the manifold is constructed
such that the fluid in the coolant passageways flows in parallel.

19 . A rotary electric machine as set forth in claim 16 wherein the coolant is a
mixture of ethylene glycol and water.

20. A rotary electric machine as set forth in claim 16 wherein the means defining

the coolant passageways is of metallic construction.

2 1 . A rotary

electric machine comprising a stator having a circumaxially spaced

series of axially extending teeth defining a similar series of circumaxially spaced
winding slots therebetween, a plurality of stator windings at least partially
disposed respectively in the slots, means defining a plurality of elongated coolant
passageways disposed respectively in the slots between and in general
engagement with the surfaces of the windings and the teeth.

22. A rotary electric machine as set forth in claim 2 1 and including a manifold

interconnecting the coolant passageways at one end and supplying at least
partially electrically conductive coolant to the passageways, and means defining

a series of passageways communicating with the coolant passageways and
serving to directly interconnect the same and thus provide cooling loops confined

entirely within the slots for the flow of coolant in one and an opposite direction to
and from the manifold.

23. A rotary electric machine as set forth in claim 2 1 wherein the coolant is a

mixture of ethylene glycol and water.

24. A rotary electric machine as set forth in claim 2 1 wherein dual parallel coolant

loops are provided for each stator slot, and wherein independent manifold and
coolant supply sources are provided for the loops.

25. A rotary electric machine as set forth in claim 2 1 wherein the means defining

the coolant passageways is of metallic construction.

26. A rotary electric machine as set forth in claim 25 wherein the means defining

the coolant passageways is at least in part aluminum.

27. A rotary electric machine as set forth in claim 25 wherein the construction

employs soldering.

28. A rotary electric machine as set forth in claim 25 wherein the construction

employs brazing.

29. A rotary electric machine as set forth in claim 27 wherein the brazing filler

material is added in sheet form.

30. A rotary electric machine as set forth in claim 28 wherein the brazing filler

material is added in paste form.

3 . A rotary electric machine as set forth in claim 25 wherein the construction is

at least in part extruded aluminum.

32. A rotary electric machine as set forth in claim 25 wherein casting is employed
in making at least some of the passageways.

33. A rotary electric machine as set forth in claim 2 1 wherein the windings are of

the concentrated type.

34. A rotary electric machine as set forth in claim 2 1 wherein each winding is

provided in two distinct sections.

35. A rotary electric machine as set forth in claim 2 1 wherein the rotor is of the

tab pole type.

36. A rotary electrical machine as set forth in claim 2 1 wherein the gaps between

the means defining the coolant passageways and the windings are filled with a
molded thermal plastic material which is both electrically insulating and thermally

conductive.

37. A rotary electrical machine as set forth in claim 36 wherein the gaps are filled

with a compound at least partially consisting of Polyphenylene Sulfide.

38. A rotary electric machine as set forth in claim 36 wherein the gaps are filled

with a compound consisting at least partially of a Liquid Crystal Polymer.

39. A rotary electrical machine as set forth in claim 36 wherein the insulation has

an electrical resistivity greater than 1000 Ohm cm.

40. A rotary electrical machine as set forth in claim 36 wherein the insulation has

a thermal conductivity greater than 1W/mK.

