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.BACKGROUND [0001] Electric motors for vehicles need to have high
efficiency to conserve power. Furthermore, in unmanned aerial vehicles,
light weight and compact electric motors are also desirable. Thus, ironless
motors are often used which can provide the benefit of no iron losses due
to changing flux direction . [0002] Motors are normally rated for the peak
power and efficiency of the motor. In some applications, high part load
efficiency is desired, which is high efficiency when machine is loaded at a
partial load, i.e. 15% or some other percent . [0003] What is needed is a
higher efficiency compact motor . SUMMARY [0004] In one possible
embodiment, an aircraft electric motor cooling system is provided having an
airflow path through a spinner which includes a first airflow path between
an inner rotor and a stator, a second airflow path between an outer rotor
the stator and a third airflow path along an outer surface of the outer
rotor. [0005] In various embodiments, the first airflow path extends along
inner rotor magnets and/or the second airflow path extends along outer
rotor magnets. In various embodiments, the first airflow path extends along
a front stator yoke and along a rear stator yoke and/or the second 



airflow path extends along a front stator yoke and a rear stator yoke.
[0006] In various embodiments, the second and third airflow paths extend
through a rear stator heat sink along with an air stream path. In various
embodiments, the airflow path extending through the spinner comprises a
portion extending through front stator cooling fins, and wherein the second
andthird portion are derived at least in part from the front stator cooling
fins portion. [0007] Other embodiments are also provided. BRIEF DESCRIPTION
OF THE DRAWINGS [0008] The features and advantages of the present invention
will be better understood with regard to the following description,
appended claims, and accompanying drawings where: [0009] FIG. 1 shows a
simplified exploded perspective view of an example motor. [00010] FIG. 2
shows a simplified cross sectional side view of the motor of FIG. 1 along
its longitudinal axis. [00011] FIG. 3 shows a simplified perspective view
of the stator having a winding. [00012] FIG. 4 shows a simplified view
along a cross section of the motor of FIG. 2 . [00013] FIG. 5 shows a
simplified front view of the motor .DESCRIPTION [00014] FIG. 1 shows a
simplified exploded perspective view of an example motor 10 along axis 22.
A stator 40 is secured to a housing 60. Inner rotor 50 and outer rotor 30 



are secured to each other and surround the stator 40. An optional propeller
hub 75, into which propeller blades 70 are mounted, is secured to the inner
rotor 50 . The propeller hub 75 rotatably mounts on the shaft 65 with
bearings 16 and 18. The bearings 16 and 18 are retained by retainers 20 and
14 and cover 12 . [00015] FIG. 2 shows a simplified cross-sectional side
view of the motor 10 of FIG. 1 along its longitudinal axis 22. The stator
40 is located between magnets 35 and 55 of the inner and outer rotors 50
and 30, respectively. The shaft 65 may be fabricated of carbon fiber or
other suitable material. [00016] FIG. 3 shows a simplified perspective view
of the stator 40 having a winding 45. The winding 45 is encased within the
stator 40. Cooling fins 42 and 44 are bonded to the front and back stator
yoke portions 43f and 43b, respectively. FIG. 3 shows one air flow cooling
path, indicated by the arrow 301, through the cooling fins 42 and 44.
[00017] FIG. 4 shows a simplified cross section of the motor 10 of FIG. 2 .
The winding 45 has a compressed central region 45c. The winding 45 is
compressed in the central region 45c so that more conductor material of the
winding 45 can be placed between the magnets 35 and 55 and so that more
conductor can be located closer to the magnets 35 and 55 of the rotors 30
and 50 to provide increased magnetic field strength in the winding 45. In
this embodiment, it is not necessary that the ends 45e of the winding 45
also be 



compressed. This is because the ends 45e of the winding 45 do not pass
between the magnets 35 and 55 of the rotors 30 and 50.[00018] In accordance
with various embodiments, for both axial and radial ironless P.M. or
permanent magnet machines, the winding 45 should have a high packing
density to minimize I2R losses and a construction that minimizes eddy
losses. The magnets 35 and 55 in the rotor 40 pass over/under a central
active region 45c of the stator winding 45, and not over/under the edges
45e of the stator winding 45. Thus, in various embodiments, the active
region 45c of the winding 45 should have as much conductor, i.e. copper, as
possible in the volume of the active region 45c. [00019] Also, in various
embodiments, the winding 45 should have high rigidity so that the winding
45 does not deflect and contact the magnets 35 or 55, and to adequately
withstand the turn-to-turn voltages and associated forces. The winding 45
is enclosed in a suitable material, such as epoxy . [00020] Although shown
large for illustration purposes, the air gaps 49u and 49i between the
stator 40 and the magnets 35 and 55 are small so that the magnets 35 and 55
provide the maximum magnetic field in the winding 45. The close proximity
of the stator 40 with the magnets 35 and 55, however, can facilitate
unwanted heat transfer from the stator 40 to the magnets 35 and 55 across
the gaps 49u and 49i. As excessive heat can damage the magnets 35 and 55,
the stator 40 is provided with front and back cooling fins 42 and 44. 



[00021] Thus, the winding 45 should have a low thermal impedance path to
the cooling fins 42 and 44. For most embodiments, the winding 45 is encased
in epoxy mixed with a thermally conductive filler such as aluminum oxide,
boron nitride, or other material that facilitates heat conduction. [00022]
The front stator yoke 43f surrounds the front end 40ef of the stator 40 on
three sides to provide more surface area for heat transfer out of the
stator 40 into thefront stator yoke 43f. Similarly, the back yoke 43b
surrounds three sides of the back end 40eb of the stator. [00023] The
cooling fins 42 and 44 may be made of aluminum or other suitable
lightweight heat conductive material. The cooling fins 42 and 44 may be
formed separately and bonded with a low thermal impedance bond to the
stator yokes 43f and 43b, or integrally formed with them. Further it is
possible in some embodiments that the front end 40ef of the stator 40 and
the back end 40eb be directly connected to the cooling fins 42 and 44,
respectively. [00024] The front cooling fins 42 extend away in a forward
direction from the front surface 43fi of the front stator yoke 43f. The
front cooling fins 42 are radially oriented with respect to the axis 22
(FIG 2 ) . The back surface 42b of the cooling fins 42 are bonded to the
front surface 43fi of the front stator yoke 43f. The front surface 42f of
front cooling fins 42 is solid such that the air flows radially outward
through the front cooling fins 42 with respect to the axis 22 (FIG. 2 ) .
In another embodiment not shown, the solid front surface 42f is not
present. In still 



another embodiment not shown, the front fins are oriented radially, with
air flow axially between them instead of radial air flow. Other
configurations are possible. [00025] The rear cooling fins 44 surround the
back stator yoke 43b and are radially oriented with respect to the axis 22
(FIG 2 ) . The rear cooling fins 44 are surrounded by a solid outer ring
44o. The inner surface (s) 44i, which may be a bent over portions of each
of the fins 44, is bonded to the top outer surface 43bt of the back stator
yoke 43b. The air flows through the rear cooling fins 44 in a direction
generally along an axis parallel with the axis 22 (FIG. 2 ) . [00026] Air
flow 401 enters the through the optional spinner 80 and cover 33. A small
portion 401d of the air flow 401 passes between the inner magnets 55 and
the stator 40through gap 49i, cooling both the inner magnets 55 and the
stator 40, as well as portions of the front yoke 43f and the back yoke 43b,
directly by convention. This small portion 401d exits through ports 48
(shown in FIGS. 2-4) in the back stator yoke 43b. Most of the air flow 401
passes through the front cooling fins 42 as indicated by air flow arrow
401a. After passing through the front cooling fins 42, a small portion 401b
of air flow 401a passes between the upper magnets 35 and the stator 40
through the gap 49u, cooling both, the outer magnets 35 and the stator 40,
as well as portions of the front yoke 43f and the back yoke 43b, directly
by convention. [00027] A large portion 401c of the air flow 401b is
diverted by the cover 33 and the spinner 80 to pass through port 38 (also
shown in FIGS. 1 and 2 ) to flow over the outer 



rotor 30. Depending on the embodiment, a small portion 401g of the air flow
401 may also flow in front of the front cooling fins 42 and exit through
port 38. The large portion 401c combines with the air flow 401b from the
upper gap 49u to flow 401f through the rear cooling fin 44, along with
airflow 401e entering directly from the air stream adjacent to the spinner
80. [00028] In one embodiment, the combination of the cooling fin size and
placement, along with the air flow over and through the components as
described herein is such that the magnets are maintained at a temperature
below about 70 degree Celsius and the winding is maintained at a
temperature below about 80-90 degrees Celsius. [00029] FIG. 5 shows a
simplified front view of the motor 10. The inner and outer rotors 50 and 30
are held together in this embodiment with three brackets 32, which also
hold on an annular cover 33 (FIGS. 2 and 4 ) . The air flow 401a for the
front cooling fins 42 flows through the separations between the three
brackets 32. Open area for airflow 401 (FIG. 4 ) is about 80% of the total
available area,the remaining 20% is blocked by the brackets 32. Airflow 401
then flows through the separations, with most of the air flow 401a flowing
through the front cooling fins 42. The air flow 401 is slowed by the
spinner 80 (FIGS. 2 and 4 ) and fins 42 so that little flow energy is lost,
then re-accelerated to free air stream velocity at port 38. [00030]
Although show in the context of aircraft, embodiments of the invention are
not limited to aircraft. 



Further not all parts are required in all embodiments. The above described
apparatuses, methods, and systems are not limited to UAVs, or aircraft.
Various implementations and/or embodiments may include other motor uses,
i.e. auto, industrial, etc. Further in some embodiments, the airflow may be
generated, or it may be the result of motion, i.e. flying, driving, etc.,
of the apparatus or system. [00031] It is worthy to note that any reference
to "one embodiment" or "an embodiment" means that a particular feature,
structure, or characteristic described in connection with the embodiment
may be included in an embodiment, if desired. The appearances of the phrase
"in one embodiment" in various places in the specification are not
necessarily all referring to the same embodiment. [00032] The illustrations
and examples provided herein are for explanatory purposes and are not
intended to limit the scope of the appended claims. This disclosure is to
be considered an exemplification of the principles of the invention and is
not intended to limit the spirit and scope of the invention and/or claims
of the embodiment illustrated. [00033] Those skilled in the art will make
modifications to the invention for particular applications of the
invention. [00034] The discussion included in this patent is intended to
serve as a basic description. The reader should be aware that the specific
discussion may not explicitly describe of 16all embodiments possible and
alternatives are implicit. Also, 



this discussion may not fully explain the generic nature of the invention
and may not explicitly show how each feature or element can actually be
representative or equivalent elements. Again, these are implicitly included
in this disclosure. Where the invention is described in device-oriented
terminology, each element of the device implicitly performs a function. It
should also be understood that a variety of changes may be made without
departing from the essence of the invention. Such changes are also
implicitly included in the description. These changes still fall within the
scope of this invention. [00035] Further, each of the various elements of
the invention and claims may also be achieved in a variety of manners. This
disclosure should be understood to encompass each such variation, be it a
variation of any apparatus embodiment, a method embodiment, or even merely
a variation of any element of these. Particularly, it should be understood
that as the disclosure relates to elements of the invention, the words for
each element may be expressed by equivalent apparatus terms even if only
the function or result is the same. Such equivalent, broader, or even more
generic terms should be considered to be encompassed in the description of
each element or action. Such terms can be substituted where desired to make
explicit the implicitly broad coverage to which this invention is entitled.
It should be understood that all actions may be expressed as a means for
taking that action or as an element which causes that action. Similarly,
each physical element disclosed should be understood to encompass a 



disclosure of the action which that physical element facilitates. Such
changes and alternative terms are to be understood to be explicitly
included in the description. [00036] Having described this invention in
connection with a number of embodiments, modification will now certainly
suggest itself to those skilled in the art. The exampleembodiments herein
are not intended to be limiting, various configurations and combinations of
features are possible. As such, the invention is not limited to the
disclosed embodiments, except as required by the appended claims.WHAT IS
CLAIMED IS: 1 . An aircraft electric motor cooling system comprising: a )
an airflow path through a spinner comprising: i ) a first airflow path
between an inner rotor and a stator; ii) a second airflow path between an
outer rotor the stator; and iii) a third airflow path along an outer
surface of the outer rotor. 2 . The system of Claim 1 , wherein the first
airflow path extends along inner rotor magnets . 3 . The system of Claim 2
, wherein the second airflow path extends along outer rotor magnets . 4 .
The system of Claim 2 , wherein the first airflow path extends along a
front stator yoke and along a rear stator yoke . 5 . The system of Claim 1
, wherein the second airflow path extends along outer rotor magnets . 6 .
The system of Claim 5 , wherein the second airflow 



path extends along a front stator yoke and a rear stator yoke. 7 . The
system of Claim 1 , wherein the first, second, and third airflow paths
return to an air stream path. 8 . The system of Claim 7 , wherein the
second and third airflow paths extend through a rear stator heat sink along
with an air stream path.9 . The system of Claim 1 , wherein the second and
third airflow paths extend through a rear stator heat sink along with an
air stream path. 10. The system of Claim 9 , wherein the airflow path
extending through the spinner comprises a portion extending through front
stator cooling fins, and wherein the second and third portion are derived
at least in part from the front stator cooling fins portion. 11. The system
of Claim 1 , wherein the airflow path through the spinner comprises a
portion extending through front stator cooling fins, and wherein the second
and third portion are derived at least in part from the front stator
cooling fins portion. 12. The system of Claim 1 further comprising an air
stream path extending through a rear stator heat sink. 13. An electric
aircraft motor comprising: a ) an inner rotor connected with an outer
rotor; b ) a stator comprising a winding located between the inner rotor
and the outer rotor; c ) a spinner; and d ) a cooling system comprising: i
) an airflow path through the spinner 



comprising : (1) a first airflow path between an inner rotor and a stator;
and (2) a second airflow path between an outer rotor the stator. 14. The
motor of Claim 13 further comprising: a ) front cooling fins thermally
coupled to a front of the stator; andb ) the airflow path through the
spinner extending through the front cooling fins. 15. The motor of Claim
14, wherein the front cooling fins are oriented such that the front cooling
fins direct airflow entering spinner radially outward through the front
cooling fins. 16. The motor of Claim 14 further comprising: a ) rear
cooling fins thermally coupled to a rear portion of the stator; and b ) the
airflow path through the spinner extending through the rear cooling fins .
17. The motor of Claim 14 further comprising rear cooling fins thermally
coupled to a rear portion of the stator, the rear cooling fins extending
beyond an outer radius of the spinner. 18. The motor of Claim 14 further
comprising rear cooling fins thermally coupled to a rear portion of the
stator wherein the rear cooling fins are sized so as to extend into an air
stream of an aircraft. 19. The motor of Claim 13 further comprising rear 



cooling fins thermally coupled to a rear portion of the stator wherein the
rear cooling fins are sized so as to extend into an air stream of an
aircraft. 20. The motor of Claim 13 wherein the first airflow path extends
along inner rotor magnets, and wherein the second airflow path extends
along outer rotor magnets.21. The motor of Claim 13, wherein the first
airflow path extends along a front stator yoke and along a rear stator yoke
. 22. The motor of Claim 13, wherein the second airflow path extends along
a front stator yoke and a rear stator yoke. 23. A method for air cooling an
electric aircraft motor comprising : a ) passing an air flow through a
spinner; b ) directing a first portion of the air flow to flow between the
stator and the inner rotor; c ) directing a second portion of the air flow
to flow between the stator and the outer rotor; and d ) directing a third
portion of the air flow to flow along an outer surface of the outer rotor.
24. The method of Claim 23, wherein the first portion flows along inner
rotor magnets. 25. The method of Claim 24, wherein the second portion of
the air flow flows along outer rotor magnets. 26. The method of Claim 24,
wherein the first portion flows along a front stator yoke and along a rear
stator yoke. 27. The method of Claim 23, wherein the second portion of the
air flow flows along outer rotor magnets. 



28. The method of Claim 27, wherein the second portion flows along a front
stator yoke and a rear stator yoke. 29. The method of Claim 23 further
comprising returning the first, second, and third portions of the air flow
to the air stream.30. The method of Claim 29 further comprising combining
the second and third portions of the air flow with an air stream flow and
passing the combined second, third, and air stream flow through a rear
stator heat sink. 31. The method of Claim 23 further comprising combining
the second and third portions of the air flow with an air stream flow and
passing the combined second, third, and air stream flows through a rear
stator heat sink. 32. The method of Claim 31 comprising directing a front
cooling fin portion of the air flow through front stator cooling fins, and
wherein the second and third portion are derived at least in part from the
cooling fin portion of the air flow through the spinner. 33. The method of
Claim 23 comprising directing a front cooling fin portion of the air flow
through front stator cooling fins, and wherein the second and third portion
are derived at least in part from the cooling fin portion of the air flow
through the spinner. 


