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at least one fluid inlet (32) and at least one fluid outlet (34) and a plurality
of windings (36) disposed in the housing (12). The vane pump assembly
(10) also includes a rotor (42) disposed in the housing (12) and rotatable
relative to the windings (36), and a plurality of vanes (50) coupled to the
rotor (42) and being made of a magnetic material to act as both pump vanes
and motor magnet poles such that the rotor (42) acts as both a pump rotor
and a motor rotor.
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VANE PUMP ASSEMBLY WITH INTEGRAL MOTOR

BACKGROUND OF INVENTION

I Field of Invention

16661} The present invention relates generally to vane pumps and, more specifically,

1o a vane pump assembly with an integral motor.

2. Diescription of the Related Ari

16062} Traditional electrically driven vane pumps include an electric motor connected
axtally with the vane purop via a shaft. The electric motor typically powers the shaft or other
component which 1s connected to a rotor of the vane pump. Ofien times, the package for
such a configuration exceeds an avaiable space in an intended environmuent such as a
powertrain of a vehicle,

[G003] Whle electrically driven vane pumps known in the related art have generally
perforroed well for their intended purpose, there remains a need in the art for a vane pump
that combines a motor with the vane pump to fit within the available space in the intended

environment.

SUMMARY OF THE INVENTION

[6604] The present invention provides a vane pump assembly including a housing
having at least one fluid inlet and at least one fluid outlet and a plurality of windings disposed
in the housing. The vane pump assembly also includes a rotor disposed i the housing and
rotatable relative to the windings, and a plurality of vanes coupled to the rotor and being
made of a magnetic material to act as both pump vanes and motor magnet poles such that the

rotor acts as both a pump rotor and a motor rotor.
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16605] One charactenistic of the present invention is that the vane pump assembly
combines a motor with a vane pump radially without the use of a connective component such
as a shaft. Another characteristic of the present jnvention 15 that the vane pump assembly
vields a compact package with a minimal number of coraponents that fits within a package
space that 15 more corapact than a traditional motor pump corabination.

16666} Other objects, features, and advantages of the present invention will be readily
appreciated as the same becomes better understood after reading the subsequent description

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[6607] Figure 1 is a perspective view of a vane pump assembly, according to one
embodiment of the present invention.

16608] Figure 2 is an exploded perspective view of the vane pump assembly of Figure

16609] Figure 3 is an enlarged perspeciive view of the vane pump assemblv of
Figures 1 and 2 illustrating one end plate removed.

60108} Figure 4 is an enlarged perspective view of another embodiment, according o
the present invention, of the vane pump assembly of Figures 1-3 illusirating one end plate

removed.

{661%] Refernng now to the figures, where like numerals are used to designate like
structure, one embodiment of a vane pump assembly 10, according to the present mnvention,

is used to pump fluid for a powertrain system (not shown) of a vehicie (not shown} such as an

automotive vehicle. The vane pump assembly 10 includes a housing, generally indicated at
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12. The housing 12 includes a main housing 14 and a pair of end caps 16 disposed at the
axial ends of the main housing 14. The main housing 14 15 generally cylindrical 1n shape
with a circular cross~-section. The main housing 14 extends axially and includes an aperture
18 exiending axially therethrough. The main housing 14 also includes a plurality of slots 20
spaced circuntferentially and extending axially therethrough. In one embodiment, the slots
20 are generally rectangular in shape. The main housing 14 further includes a first support
portion 22 extending axially and radially between a pair of the slots 20 and a second support
portion 24 extending axially and circumferentially for each pair of the slots 20. The main
housing 14 is made of a metal material. It should be appreciated that the main housing 14
may be integral, unitary, and one-piece.

[6612] Fach end cap 16 is generally circular in shape. Fach end cap 16 includes a
central aperture 26 extending axially therethrough. The central aperture 26 is generally
circular in shape. Fach end cap 16 includes a groove or recess 28 extending circumferentially
thereabout and axially therein to form a ceniral portion 30. The ceniral portion 30 is disposed
within the aperture 18 of the main housing 14. Each end cap 16 includes least one fluid inlet
32 and at least one fluid outlet 34 extending circumferentially and axially therethrough. In
one embodiment, each end cap 16 includes two fluid inlets 32 and two fluid outlets 34. In
one embodiment, the fhuid inlets 32 and the fhud outlets 34 extend axually through the central
portion 30 and are spaced radially from the central aperture 26 to fluidly communicate with
the aperture 18 of the main housing 14. 1t should be appreciated that fluid flows through the
fluid infets 32 and is pumped oui through the fluid outlets 34. It should be appreciaied that
the groove 28 aliows the fhuid into the vane pump. H should further be appreciated that the
housing 12 acts as both a housing and a stator of a motor.

8613} The vane pump assembly 10 also includes a plurality of motor windings 36

disposed within the main housing 14 of the housing 12. In one embodiment, fourteen {14)

(5]



WO 2018/186865 PCT/US2017/026316

maotor windings 36 are disposed within the main housing 14. Each of the motor windings 36
is generally wound in a closed shape that extends axially. Each of the moto windings 36 are
made of wire such as copper wire. The motor windings 36 are wound around the first support
portion 22 and disposed in a pair of adjacent slots 20 of the main housing 14, It should be
appreciated that the motor windings 36 are connected to a source of electrical power (not
shown).

16614] The vane pump assembly 10 includes a cam 38 disposed in the aperture 18 of
the main housing 14 and spaced radially from the motor windings 26. In one embodiment,
the cam 38 is formed as a ring having a generally circular shape with a plurality of cam
surfaces 40 on an interior thereof. The cam 38 is made of a non-magnetic material such as
stainless steel. 1t should be appreciated that the cam 3% acts as a typical vane pump cam as
well as maintaining a consistent or constant gap for magnets to be described.

100615} The vane pump assembly 10 further includes a rotor 42 disposed within the
cam 38. In one embodiment, the rotor 42 is generally cylindrical in shape with a circular
cross-section. The rotor 42 extends axially and has a central aperture 44 extending axially
therethrough. The rotor 42 has a plurality of slots 46 spaced circumferentially and extending
axially therethrough and radially inward. The slots 46 are spaced from the central aperture
44, Each of the slots 46 has an arcuate portion 48 at an inner radial end thereof and extending
axially through the rotor 42. The rotor 42 is made of a non-magnetic material.  In one
embodiment, the rotor 42 may be made as a laminated stack of stesl, which is not
magnetized. It should be appreciated that the slots 46 are for vanes 50 to be described as a
typical vane pump would have.

10816} The vane pump assembly 10 includes a plurality of vanes 50 cooperating with
the rotor 42 and the cam 38. In one embodiment, each of the vanes 50 is generally

rectangular in shape. The vanes 50 are disposed in the slots 46 of the rotor 42. The vanes 50
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are made of a magnetic material. It should be appreciated that the vanes 50 act as pump
vanes as well as motor magnet poles, thus turning the rotor 42 into both g pump rotor as well
as a motor rotor.

{0017} The vane pump assembly 10 also includes a rotor shatt 52. In one
embodiment, the rotor shaft 52 is generally cvlindrical in shape with a circular cross-section.
The rotor shaft 52 extends axially and through the central apertures 26 and 44 of the end
plates 16 and rotor 42, respectively. The rotor shaft 532 is made of a metal material. In one
embodiment the rotor shaft 52 and the rotor 42 may be integral. I should be appreciated that
the rotor shaft 52 acts as a bearing surface for the rotor 42, 1t should also be appreciated that
the vane pump assembly 10 includes ancillary components such as bearings {not shown).

[6618] In operation, the vane pump assembly 10 includes an integral motor that
operates as a brushless direct current (BLDC) motor. The vanes 30 act as magnets of the
rotor 42 and the motor windings 36 are within the housing 12 which act as a stator of the
motor. The end caps 16 provide joumal bearings for the rotor shaft 52. The vanes 30 also act
as pump vanes for a vane style pump and follow the cam surface 40 of the cam 3%, It should
be appreciated that the cam 38 occupies what would normally be an air gap of a motor.

{6619} As iHustrated in Figure 4, in another embodiment, according to the present
invention, of the vane pump assembly 10, separate magnets 54 and vanes 50 may be
contained within the rotor 42. The magnets 54 are disposed in some of the slots 46 and fixed
to the rotor 42 and the vanes 50 are able to move radially within the other slots 46 of the rotor
42 i a traditional manner. In one embodiment, one magnet 54 15 disposed in one slot 46
between a pair of the vanes 50. In this embodiment, the motor windings 36 may only be
neaded at areas where the rotor 42 1s near the main housing 14 with a smali gap. It should be

appreciated that the operation of the vane pump assembly 10 of Figure 4 is similar 1o the
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operation of the vane pump assemblv 10 of Figure | without departing from the scope of the
present invention.

16620} The vane pump assembly 10 of the present invention combines a vane pump
and a motor. The vane pump assembly 10 of the present invention includes an integral motor
that vields a coropact package with a nimimal number of components that fits within a
package space that is more compact than a traditional motor pump combination,

[6621] The present invention has been described in an Hllustrative manner. It is o be
understood that the terminology which has been used is intended to be in the nature of words
of description rather than of limitation.

(6622} Many modifications and vanations of the invention are pogsible in light of the
above teachings. Therefore, within the scope of the appended claims, the invention may be

practiced other than as specifically described.
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What is claimed is:

1. A vane pump assembly (10} comprising:

a housing (12) having at least one fluid inlet (32) and at least one flunid outlet (34);

a phurality of windings (36) disposed in said housing (12);

a roior {42) disposed in said housing (12) and rotatable relative to said windings (36);
and

a plurality of vanes (50) coupled to said rotor (42} and being made of a magnetic
material to act as both pump vanes and motor magnet poles such that said rotor (42) acts as

both a pump rotor and a motor rofor,

2, A vane pump assembly (10) as set forth in claim 1 wherein said housing (12)

includes a plurality of slots {20} spaced circumferentially therein.

3, A vane pump assembly (10} as set forth in claim 2 wherein said windings (36}

are wound around said slots (20} in said housing (12},

4. A vane pump assembly (10) as set forth i any one of claims 1-3 including a

cam {38} disposed between said housing {12} and said rotor (42} 1o maintain a constant gap.

5. A vane pump assembly (10} as set forth in claim 4 wherein said cam {38) is
made of a non-magnetic material.
6. A vane pump assembly (10} as set forth in any one of claims 1-3 wherein said

housing {12} includes a main housing (14} extending axially and an end cap (16) at each axial

-2
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end of said main housing (14), said end cap (16) having at least one of said at least one flud

mlet (32) and said at least one flwid outlet (34),

7. A vane pump assembly (10} as set forth in claim 6 wherein said rotor (42)

includes a plurality of slots (46} spaced circumferentially thereabout.

8. A vane pump assembly (10} as set forth in claim 7 wherein said vanes (50) are

disposed in said slots (46) and movable in said slots (46} relative to said rotor (42).

9. A vane pump assermbly (10) as set forth in anv one of claims 7 and 8 including

a plurality of magnets (54) disposed in said slots {(46) and fixed relative (o said rotor (42}

10, A vane pump assembly (10} as set forth i any one of claims 1-9 including a

shaft (52) disposed in said housing (12) and coupled 1o said rotor (42).

11 A vane pump assembly (10} comprising:

a housing (12) having at least one fluid mlet (32) and at least one flnd outlet (34),
said housing (12} ncluding a plurality of first slots (20) spaced circurnferentially therein;

a plurality of windings (36) wound around said first slots (20) in said housing (12);

a rotor {42} having a plurality of second slots (46) disposed circumferentially
thereabout disposed in said housing (12) and rotatable relative to said windings (36);

a cam (38) disposed between said housing (12) and said rotor (42) to maintain a
constant gap; and

a plurality of vanes (50} disposed in said second slots (46) of said rotor {42) and being
made of a magnetic material to act as both pump vanes and motor magnet poles such that said

rotor {42} acts as both a pump rotor and a motor rotor.
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12, A vane pump assembly (10} as set forth in claim 11, wherein said vanes {30)

are movable radially in said second slots (46) relative to said rotor (42).

13. A vane purnp assembly (10} as set forth 1o claim 11, including a plurality of

magnets (54) disposed in said second slots (46} and fixed relative to said rotor (42).

14. A vane purnp asserbly (10) as set forth in any one of claims 11-14, wherein

said cam (38) is made of a non-magnetic material.

15 A vane pump assembly (10} comprising:

a housing (12) including a main housing (14} extending axially and an end cap (16) at
cach axial end of said main housing (14}, satd end cap (16} having at least one fluid inlet (32)
and at least one fluid outlet (34), said main housing {14} including a plurality of first slots
(20) spaced circumferentially therein;

a plurality of windings (36) wound around said first slots {20} in said main housing
{14);

a rotor {42) having a plurality of second slots (46) disposed circumferentially
thereabout and disposed in said main housing (14) and rotatable relative to said windings
(36).

a cam (3R} disposed hetween said main housing (42) and said rotor (42) to maintain a
constant gap;

a plurality of vanes (50) disposed 10 said second slots (46) of said rotor (42) and being
made of a magnetic material o act as both pump vanes and motor magnet poles such that said
rotor (42) acts as both a pump rotor and a motor rotor; and

a shaft (52) disposed in said housing (12} and coupled to said rotor (42},
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