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(54) Title: BLDC MOTOR ASSEMBLY

(57) Abstract: A BLDC electric motor assembly (24) includes a
rotor (42) having a plurality of magnet segments (50) securely re-
tained thereabout by an annular ring (68) which is shrunk in situ in
an electromagnetic forming operation. The magnet segments (50)
are formed with tongues (62, 64) on their upper and lower ends
(56, 58). One tongue (64) seats in a retaining pocket (48) molded
on the rotor shaft (40), whereas the other tongue (62) provides a
ledge into which the ring (68) seats. After the magnet forming op-
eration, wherein the ring (68) is shrunk, the outer surface of the
ring (68) is flush with the outer surfaces (54) of the magnet seg-
ments (50).
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BLDC MOTOR ASSEMBLY

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] None.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates generally to a brushless direct current (BLDC) motor
assembly, and more particularly toward an improved method and structure for attaching
permanent magnet segments on a rotor of the BLDC motor assembly.

Related Art

[0003] With the introduction of electronic control systems for electric motors, the
industry objectives of long life, efficiency, reliability and low EM interference have
become achievable. This is, in part, due to the advent of brushless direct current (BLDC)
motor technology.

[0004] BLDC motor assemblies include a rotor assembly which is disposed for powered
rotation within a stator in response to an electro-magnetic field generated by the stator.
The rotor of a BLDC motor includes a plurality of magnetic segments arrayed in equal
arcuate increments about its exterior surface. Typical examples include 4 magnetic
segments, each spanning approximately 90° of the rotor circumference. Such magnet
segments may be of the so-called neo-magnet type.

[0005] Typically, the magnet segments are coated with a thin layer of protective
material and then affixed to an underlying hub section of the rotor using a bonding
adhesive. In circumstances where the coating material is not securely adhered to the
magnet segment, delamination can occur during operation. This catastrophic failure of
magnet separation from the underlying hub surface can lead to motor damage.

[0006] The prior art has suggested techniques other than adhesive for retaining magnet
segments to the rotor in a BLDC motor assembly. For example, U.S. Patent No.
5,563,636 to Stark, issued October §, 1996, discloses a rotor assembly wherein magnet
segments are secured in their operative position upon the rotor using a sleeve-like shell.
However, a shell of this type adds undesirable weight, expense and complexity to the

motor assembly.
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[0007] Other examples of prior art attempts to securely attach magnet segments to a
permanent magnet type rotor include U.S. Patent No. 4,625,135 to Kasabian, issued
November 25, 1986. In this example, the permanent magnet segments are affixed with
threaded fasteners. Again, a technique such as this contributes substantially to the
manufacturing assembly time, and provides additional failure modes for the motor
assembly, as well as adding substantially to the component complexities.

[0008] Accordingly, there is a need for an improved method and design for attaching
permanent magnet segments into an operative array on a rotor for a brushless direct
current electric motor assembly which is strong, light weight, and efficiently accomplished

in high-volume production settings.

SUMMARY OF THE INVENTION

[0009] The subject invention contemplates a method for attaching permanent magnet

segments into an operative array on a rotor for a brushless direct current (BLDC) electric
motor assembly of the type used in liquid fuel pumps and the like. The method comprises
the steps of providing a rotary shaft having a hub section with an outer surface, providing
a plurality of permanent magnet segments, each magnet segment having opposing ends,
and supporting the magnet segments in an operative position on the outer surface of the
hub section. The step of supporting the magnet segments includes arranging the magnet
segments side-by-side in equal arcuate increments around the outer surface of the hub.
The method further includes fabricating an annular ring from an electrically conductive
material and loosely encircling at least one end of the supported magnet segments with the
ring. The invention is characterized by the step of rapidly shrinking the ring by inducing
therein a powerful current flow using a high energy pulsed magnetic field to squeeze each
of the magnet segments into tight pressing engagement against the outer surface of the hub
and thereby collectively hold the magnet segments in the operative position upon the
rotary shaft. In this manner, the retention of the magnet segments on the hub is
accomplished using a method which is reliable, inexpensive, and efficiently carried out in
high production environments.

[0010] The mvention also contemplates a BLDC electric motor assembly of the type
used in liquid fuel pumps and the like. The motor assembly comprises a stator for

producing a controlled electro-magnetic field. The stator defines a central longitudinal

o
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axis of the motor assembly. A shaft is supported for rotation about the longitudinal axis,
and includes a hub section having an outer surface. A plurality of permanent magnet
segments are supported on the outer surface of the hub for rotation with the shaft. Each
magnet segment has opposite, longitudinally spaced ends. The magnet segments are
arranged side-by-side in equal arcuate increments around the hub. The motor assembly is
characterized by an annular ring encircling at least one of the ends of the arrayed plurality
of magnet segments, the ring having been deformed in an electro-magnetic forming
operation so as to exert a generally uniform compression on each of the magnet segments
to hold the magnet segments in an operative position around the hub. The ring thus
formed operates to retain the magnet segments on the hub in a reliable, inexpensive
manner which is efficiently carried out in high production environments.

[0011] Furthermore, the invention contemplates a permanent magnet segment of the
type used in an array of magnet segments supported on a rotor in a BLDC electric motor
assembly. The magnet segment comprises an inner surface, a convex, semi-cylindrical
outer surface, an upper end, a lower end, and opposing, general parallel side edges
respectively extending between the upper and lower ends. The magnet segment of this
invention is characterized by a first tongue adjacent one end of the upper and lower ends
for receiving an annular ring to be subsequently deformed in an electro-magnetic forming
operation so as to exert a generally uniform compression on the magnet segment to hold
the magnet segment in its operative position upon the rotor.

[0012] A motor assembly made in accordance with this invention overcomes all of the
shortcomings and disadvantages characteristic of the various prior art attempts to securely,

reliably and inexpensively form a rotor assembly for a BLDC electric motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and other features and advantages of the present invention will become

more readily appreciated when considered in connection with the following detailed
description and appended drawings, wherein:

[0014] Figure I is a perspective view of an exemplary liquid fuel pump;

[0015] Figure 2 is an exploded view of the fuel pump as depicted in Figure 1, and

illustrating a BLDC electric motor assembly contained within the fuel pump;
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[0016] Figure 3 is a cross-sectional view of a BLDC electric motor assembly according
to the subject invention taken generally along lines 3-3 in Figure 2;

[0017] Figure 4 is a perspective view of the rotary shaft and hub sections of a rotor for
the BLDC electric motor assembly as depicted in Figure 3;

[0018] Figure 5 is a perspective view of a permanent magnet segment of the subject
invention;

[0019] Figure 6 is a side elevation of the magnet segment shown in Figure 5;

[0020] Figure 7 is an exploded view of the rotor sub-assembly;

[0021] Figure 8 is a perspective view of an assembled rotor for a BLDC electric motor
assembly wherein the ring used to retain the upper end of the magnet segments is shown in
exaggerated form loosely encircling the upper end of the magnet segments in solid lines,
and the same ring is shown in a pre-assembly, exploded position in phantom; and

[0022] Figure 9 is a simplified schematic view depicting a magnetic forming operation
wherein the ring is rapidly shrunk under the influence of a high energy pulsed magnetic

field as depicted by broken lines.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] Referring to the Figures, wherein like numerals indicate like or corresponding

parts throughout the several views, in a liquid fuel pump is generally shown at 10 in
Figure 1. The fuel pump 10 is of the type used in vehicular applications for fuel that is
transferred from a storage tank to an internal combustion engine. However, the pump 10
may be used for other purposes than transferring fuel, and indeed the novel aspects of the
invention as relating to the BLDC motor assembly can be used fully apart from and
without any reference to the fuel pump 10 or any pump assembly per say. The fuel pump
10 is shown including a sleeve-like housing 12 having a generally cylindrical
configuration. An outlet cap 14 encloses the upper end of the housing 12 and provides an
interface for electrical connections via terminals 16, 18 as well as a fuel outlet port 20 into
which a fuel delivery coupling (not shown) can be attached.

[0024] Referring now to Figure 2, an exploded view of the pump 10 is depicted wherein
various components internal to the housing 12 are shown individually. Check valve spring
and components 22 are fitted into the underside of the outlet cap 14 in fluid

communication with the outlet port 20. A BLDC motor assembly, generally indicated at
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24, is also located directly beneath the outlet cap 14 with motor terminals 26, 28 ranged so
as to electrically connect to the lower projecting ends of the terminals 16, 18 embedded in
the housing cap 14.

[0025] A pumping section 30 is coupled to the lower end of the motor assembly 24.
However, any other driven component or feature can be coupled to the motor assembly 24
instead of a pumping section 30, which is here described in the context of a fuel pump for
illustrative purposes only. The pumping section 30 can be of the vane style, positive
displacement style, roller style, or the like. A strainer 32 is seated below the pumping
section 30 and forms an inlet to the fuel pump 10. Thus, in operation, the fuel pump 10
draws liquid fuel through the strainer 32 and, by driven force of the pumping section 30,
forces the liquid fuel upwardly through the motor assembly 24 and through the outlet port
20 of the outlet cap 14.

[0026] Figure 3 is a cross-sectional view through the BLDC motor assembly 24, as
taken generally along lines 3-3 in Figure 2. Here, the motor assembly 24 is shown
including an upper housing portion 34 and a lower housing portion 36. Stack laminations
comprising part of a stator 38 are captured between the upper 34 and lower 36 housing
portions. The electric circuitry and controlling devices, including elements such as hall-
effect sensors and Mos-fets (not shown) are contained on a circuit board 39 in the upper
housing portion 34. The motor terminals 26, 28, shown in cross-section, are in electrical
communication with the circuit board 39. A shaft 40 is supported for rotation at one end
by the upper housing portion 34 and at its opposite lower end by the pumping section 30
(not shown) when the pumping section 30 is coupled to the lower housing portion 36 in an
assembled condition. Bearings support the shaft 40 as needed.

[0027] The stator 38 includes the customary plate laminations and windings, and may be
further powder coated for electrical insulation protection from the wires of the windings.
The motor terminal 26, 28 are electrically connected to the stator 38 via appropriate
connections through the circuit board 39. When energized, the stator 38 creates an
electro-magnetic field in the manner typical of BLDC motors.

[0028] A rotor 42 is operatively coupled to the shaft 40 and disposed for powered
rotation within the stator 38 in response to the electro-magnetic field generated by the
stator 38. The rotor 42 may be fabricated according to the designs and techniques

iltustrated in Figures 4-9. Figure 4, for example, illustrates the shaft 40 including,
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assembled thereon, a hub section 44. In one embodiment of the invention, both the shaft
40 and the hub 44 may be made of a stainless steel alloy. The hub 44 is fixed to the shaft
40 such that, when assembled, they comprise a unitary structure. The assembled shaft 40
and hub 44 are inserted into a plastic injection molding machine (not shown), so that a
combined drive coupling 46 and retaining pocket 48 can be molded to the lower end of the
hub 44 and about the shaft 40. The drive coupling 46 engages a complimentary drive
socket in the pumping section 30. The retaining pocket 48, however, forms a receptacle
for receiving a plurality of magnet segments 50 in a manner perhaps best depicted in
Figure 7.

[0029] In the preferred embodiment of this invention, four magnet segments 50 are
employed, arranged side-by-side in equal arcuate increments about the hub 44. Thus, each
magnet segment 50 spans approximately 90 degrees about the circumference of the rotor
42. Tt is not necessary that the plurality of magnet segments 50 be comprised of four
segments only. The prior art has taught the use of less than four and more than four
segments in other BLDC Motor constructions.

[0030] As perhaps best shown in Figures 5 and 6, each magnet segment 50 includes a
concave, semi-cylindrical inner surface 52. The inner surface 52 compliments the exterior
surface of the hub 44. If in another embodiment, the exterior of the hub 44 presented a
shape other than cylindrical, the inner surface 52 of the magnet segments 50 would be
shaped for a mating fit. Each magnet segment 50 also includes a convex, semi-cylindrical
outer surface 54. Opposing, generally parallel side edges 60 respectively extend between
the upper 56 and lower 58 ends. Each magnet segment 50 is further fitted with a first
tongue 62 adjacent the upper end 56 and a corresponding second tongue 64 adjacent its
lower end 58. The first and second tongues 62, 64 each include semi-circular shoulders
and convex, semi-cylindrical walls inset from the outer surface 54. The second tongue 64
is sized and shaped to seat in the retaining pocket 48 between anti-rotation lugs 66 formed
radially inwardly therein. The second tongue 64 is thus dimensioned to slip into the
retaining pocket 48 while its shoulder rests against the upper edge of retaining pocket 54,
as illustrated in Figure 8. Preferably, the outer dimension of the retainer pocket 48 is
substantially equal to the outer dimension of the magnet segments 50 when seated in the
operative position illustrated in Figure 8, thus establishing a generally flush exterior of the

rotor 42.
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[0031] The magnet segments 50 are retained in their operative position, seated in the
retaining pocket 48, through the use of an annular ring 68, as perhaps best shown in
Figures 3, 8 and 9. The ring 68 is preferably made from a metal substance such as an
aluminum or an alloy thereof, but can also be made from copper or any other electrically
conductive material. The annular ring 68 is sized and shaped as a continuous, unbroken
solid annular member which loosely encircles the first tongues 62 of the plurality of
magnet segments 50 when assembled on the rotor 42 as shown in a highly exaggerated
fashion in Figure 8. The loosely installed ring 68, together with the other components of
the assembled rotor 42, are then placed into an electromagnetic forming apparatus, where
a high energy pulsed magnetic field is generated, as indicated by broken lines 70 in Figure
9. The magnetic field 70 is created by a heavily constructed work coil 72. As is well
known to those in the electro-magnetic forming arts, a huge pulse of current is forced
through the work coil 72 by rapidly discharging a high voltage capacitor bank 74 using an
ignitron or a spark gap as a switch 76. This creates a rapidly isolating, ultra strong electro-
magnetic field around the work coil 72. The high current in the work coil 72 (typically in
the tens of thousands of amperes) creates ultra strong magnetic forces 70 that easily
overcome the yield strength of the ring 68, causing near instantaneous permanent
deformation. The forming process causes the ring 68 to shrink at high velocity. The
rapidly shrinking ring 68 squeezes each magnet segment 50 into tight pressing
engagement against the outer surface of the hub 44, thereby collectively holding all of the
magnet segments 50 in their operative position upon the rotary shaft 40. This method of
retaining the magnet segments 50 on the hub 44 is a reliable and inexpensive technique,
which is conducive to use in high production environments. Preferably, the magnetic
forming operations are controlled so that the ring 68 is shrunk only until the point where
its outer circumferential edge is generally aligned with the outer surface of 54 of each
magnet segment 50, as shown in Figure 3, thereby providing a generally flush
construction. The pre-formed size of the ring 68 is depicted in phantom in Figure 9, with
the post shrunk or final size of the ring 68 illustrated in solid lines in Figure 9.

[0032] The electro-magnetic forming operation is also beneficial in maintaining the
balance of the rotor 42. That is, because separate fasteners and other discreet elements are
not required to retain a magnet segments 50 in place, the rotational balance of the rotor 42

can better maintained using the ring 68. Because the invention does not require the use of
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any adhesive bonding agents to secure the magnet segments 50 in place, the resulting
BLDC Motor assembly 24 is less prone to failure from delamination. Furthermore, the
unique ring 68, which is set into the first tongue 62 so that it is flush with the outer surface
54 the arrayed magnet segments 50, does not obstruct the flow path of fuel as liquid is
pumped through the interstitial space between the rotor 42 and the stator 38 in a fluid
pumping application.

[0033] The foregoing invention has been described in accordance with the relevant legal
standards, thus the description is exemplary rather than limiting in nature. Variations and
modifications to the disclosed embodiment may become apparent to those skilled in the art
and fall within the scope of the invention. Accordingly the scope of legal protection

afforded this invention can only be determined by studying the following claims.
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What is claimed is:

1. A method for attaching permanent magnet segments into an operative array on a
rotor for a brushless direct current (BLDC) electric motor assembly of the type used in
liquid fuel pumps and the like, said method comprising the steps of:

providing a rotary shaft having a hub section with an outer surface;

providing a plurality of permanent magnet segments, each magnet segment having
opposing ends;

supporting the magnet segments in an operative position on the outer surface of the
hub section;

said step of supporting the magnet segments including arranging the magnet
segments side-by-side in equal arcuate increments around the outer surface of the hub;

fabricating an annular ring from an electrically conductive material;

loosely encircling at least one end of the magnet segments with the ring;

and rapidly shrinking the ring by inducing therein a powerful current flow using a
high energy pulsed magnetic field to squeeze each magnet segment into tight pressing
engagement against the outer surface of the hub and collectively hold the magnet segments
in the operative position upon the rotary shaft, whereby the retention of the magnet
segments on the hub is accomplished reliably, inexpensively and efficiently in high

production environments.

2. The method of Claim 1 wherein said step of fabricating an annular ring includes

forming the ring from metal.

3. The method of Claim 1 wherein said step of fabricating an annular ring includes

forming the ring from aluminum or an alloy thereof.

4. The method of Claim 1 wherein said step of providing a plurality of permanent
magnet segments includes fabricating each magnet segment with a first tongue adjacent

one end thereof for receiving the ring.
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5. The method of Claim 4 wherein said step of providing a rotary shaft includes

forming a retaining pocket for receiving one end of each magnet segment.

6. The method of Claim 5 wherein said step of providing a plurality of permanent
magnet segments includes fabricating each magnet segment with a second tongue adjacent

the other end thereof for seating in the retaining pocket.

7. The method of Claim 1 wherein said step of providing a plurality of permanent
magnet segments includes fabricating each magnetic segment with a convex, semi-

cylindrical outer surface.

8. The method of Claim 7 wherein said step of fabricating an annular ring includes
forming an outer circumferential edge of the ring, and said step of rapidly shrinking the
ring includes stopping the shrinkage when the outer circumferential edge of the ring is

generally aligned flush with the outer surface of each magnet segment.

9. A brushless direct current (BLDC) electric motor assembly of the type used in
liquid fuel pumps and the like, said motor assembly comprising:

a stator for producing a controlled electro-magnetic field, said stator defining a
central longitudinal axis;

a shaft supported for rotation about said longitudinal axis, said shaft including a
hub section having an outer surface;

a plurality of permanent magnet segments supported on said outer surface of said
hub for co-rotation with said shaft, each of said magnet segments having opposite,
longitudinally spaced ends, said magnet segments arranged side-by-side in equal arcuate
increments around said hub;

and an annular ring encircling at least one of said ends of said arrayed plurality of
magnet segments, said ring having been deformed in an electromagnetic forming
operation so as to exert a generally uniform compression on each of said magnet segments

to hold said magnet segments in an operative position around said hub, whereby said ring

10
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operates to retain said magnet segments on said hub in a reliable, inexpensive manner

which is efficient in high production environments.

10. The assembly of Claim 9 wherein said ring is fabricated from a metallic material.
11.  The assembly of Claim 10 wherein said ring is fabricated from aluminum or an
alloy thereof.

12.  The assembly of Claim 9 wherein said hub section includes an integral retaining

pocket for receiving one of said longitudinally spaced ends of each of said magnets.

13.  The assembly of Claim 12 wherein said retaining pocket includes anti-rotation lugs

for preventing rotation of magnet segments relative to hub.

14.  The assembly of Claim 13 wherein each of said magnet segment includes a first

tongue adjacent one of said longitudinally spaced ends for receiving said ring.

15. The assembly of Claim 14 wherein each of said magnet segments includes a
second tongue adjacent the other of said longitudinally spaced ends for seating in said

retaining pocket.

16.  The assembly of Claim 12 further including a pump drive coupling integrally

formed with said retaining pocket on said shaft.

17.  The assembly of Claim 9 wherein said ring is rotationally balanced about said

longitudinal axis.

18. The assembly of Claim 9 wherein each of said magnetic segments includes a

convex, semi-cylindrical outer surface.

11
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19. The assembly of Claim 18 wherein said ring has an outer circumferential edge

generally aligned flush with said outer surface of each of said magnet segments.

20. A permanent magnet segment of the type used in an array of magnet segments
supported on a rotor in a brushless direct current (BLDC) electric motor assembly, said
magnet segment comprising:

an inner surface;

a convex, semi-cylindrical outer surface;

an upper end;

a lower end spaced longitudinally from said upper end,

opposing, generally parallel side edges respectively extending longitudinally
between said upper and lower ends;

and a first tongue adjacent one of said upper and lower ends for receiving an
annular ring oriented transversely to said longitudinal axis, the ring to be subsequently
deformed in an electromagnetic forming operation so as to exert a generally uniform
compression on said magnet segment in the region of said tongue to hold said magnet

segment in an operative position upon the rotor.

21.  The method of Claim 20 wherein said first tongue including a semi-circular

shoulder inset from said outer surface.

22, The method of Claim 21 wherein said first tongue including a convex, semi-

cylindrical wall inset from said outer surface.

23.  The method of Claim 22 wherein said second tongue is adjacent the other of said
upper and lower ends, said second tongue including a semi-circular shoulder and a convex,

semi-cylindrical wall inset from said outer surface.

12
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