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& (57) Abstract: An electric motor (10) has an armature (12) including windings (14). The armature is constructed and arranged to
rotate a shaft (16). The motor includes a commutator (18) and a brush card assembly (20) having brushes to engage the commu-
tator and conduct electrical current to the windings. A permanent magnet structure (21) is disposed about the armature. A frame
assembly (22) carries the permanent magnet structure. A coil spring structure (36), containing iron, is disposed about and contacts
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the permanent magnet structure to define a flux path of the motor.
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ELECTRIC MOTOR WITH A MAGNETIC FLUX PATH STRUCTURE

[0001] This application is based on U.S. Provisional Application No. 60/446,899
(Atty. Docket 2003P01953US) filed on February 12, 2003 and claims the
benefit thereof for priority purposes.

[0002] FIELD OF THE INVENTION

[0003] The invention relates to permanent magnet electric motors and more
particularly, to a flux path of the motor in the form of a coil spring structure
to hold the permanent magnets with respect to a frame.

[0004] BACKGROUND OF THE INVENTION

[0005] Conventional permanent magnet electric motors include a steel frame
carrying permanent magnets and an iron flux ring disposed about the
frame o'r’ magnets. This structure includes large cylindrical surfaces that
typically resonate unwanted noise. Typically, the magnets are bonded or
clipped to a steel structure which resuits in increased assembly costs,
additional parts, and added scrap.

[0006] Accordingly, there is a need to provide a low-cost frame and flux path
structure that holds the permanent magnets, has a reduced parts count,

and results in a lower natural frequency to reduce noise.

[0007] SUMMARY OF THE INVENTION

[0008] An object of the invention is to fulfill the need referred to above. In
accordance with the principles of the present invention, this objective is
obtained by providing an electric motor having an armature including
windings, the armature being constructed and arranged to rotate a shaft; a
commutator; brushes to engage the commutator and conduct electrical
current to the windings; permanent magnet structure disposed about the
armature; a frame assembly carrying the permanent magnet structure;
and a coil spring structure, containing iron, disposed about at least a
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portion of the permanent magnet structure contacting the permanent
magnet structure to define a flux path of the motor.

[0009] In accordance with another aspect of the invention, a flux path structure is
provided for an electric motor, the motor having a frame and permanent
magnet structure. The flux path structure includes a coil spring structure
containing iron and disposed about and contacting the permanent magnet
structure to define a flux path of the motor.

[0010] Other objects, features and characteristics of the present invention, as
well as the methods of operation and the functions of the related elements
of the structure, the combination of parts and economics of manufacture
will become more apparent upon consideration of the following detailed
description and appended claims with reference to the accompanying
drawings, all of which form a part of this specification.

[0011] BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be better understood from the following detailed
description of the preferred embodiments thereof, taken in conjunction
with the accompanying drawings, wherein like reference numerals refer to
like parts, in which:

[0013] FIG. 1 is a perspective view of a permanent magnet electric motor,
provided in accordance with the principles of the invention, and shown
with a portion of the flux path structure removed for clarity of illustration.

[0014] FIG. 2 is a cross-sectional view of the motor of FIG. 1.

[0015] FIG. 3 is another cross-sectional view of the motor of FIG. 1, taken along
a plane different from that of FIG. 2.

)

[0016] FIG. 4 is a perspective view of a first half of the frame assembly of the
motor of FIG. 1.
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[0017] FIG. 5 is a perspective view of a second half of the frame assembly of the
motor of FIG. 1.

[0018] FIG. 6 is a plan view of a spring structure of the motor of FIG. 1 defining a
flux path.

[0019] FIG. 7 is a side view of the spring structure of FIG. 6.

[0020] DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT"

[0021] With reference to FIGs. 1-3, a permanent magnet electric motor is shown
generally indicated at 10. The motor 10 is preferably configured for use in
vehicle HVAC systems. The electric motor 10 includes an armature 12
having windings 14. The armature 12 is constructed and arranged to
rotate a shaft 16. An axis of rotation of the shaft 16 of the motor is shown
at A. The motor 10 includes a commutator 18 and brushes 20 to engage
the commutator 18 and conduct electrical current to the windings 14.
Permanent magnets 21 are disposed about the armature 12. A frame
assembly 22 carries the permanent magnets 21.

[0022] As shown in FIGs. 3 and 4, the frame assembly 22, preferably molded
from plastic or other non-magnetic material, is of clam-shell configuration
having a first half 24 (FIG. 3) and a mating second half 26 (FIG. 4). The
plastic material for the frame assembly is preferably glass-filled NYLON®.
The first half 24 includes a plurality of protrusions 26 extending from an
edge 28 thereof and the second half 26 includes a plurality of recesses 30
in edge 32. Each recess 30 receives an associated protrusion 26. Thus,
once assembled, edges 28 and 32 are in abutting relation with the frame
assembly 22 defining a generally open cylindrical structure. The frame
assembly 22 includes a plurality of retaining tabs 34 for locating and
retaining the permanent magnets 21 with respect to the inside of the
frame assembly 22. An electrical connector body 24 is also molded into
the frame assembly for housing an electrical connector 25 of the motor 10.
Brush tubes 23 are defined in the frame assembly to hold the brushes 20
so that no brush card is required. The frame assembly 22 incorporates the
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brush tubes 23, an end cap 25, bearing retainers 27 and the electrical
connector body 24 (FIG.2).

[0023] As best shown in FIGs. 1 and 2, a coil spring structure 36 is provided
about the outer periphery of a portion of the frame assembly 22 and thus
permanent magnets 21 to define a flux path. In the embodiment, the
spring structure 36 is preferably 3/16” rectangular rod, hot rolled steel.
Since tolerances are not required to be tight, spring stéel is an inexpensive
material for the flux path. The spring structure 36 is constructed and
arranged to contact the permanent magnets 21 to define a flux path of the
motor. As used herein, the term “contact” can be direct contact or indirect
contact through a ferrous material. In the embodiment, a spring load is
exerted by the spring structure 36 toward the axis of rotation A to clamp
the permanent magnets 21 to the frame assembly 22. In this
embodiment, the spring structure also functions to retain the permanent
magnets 21 with respect to the frame assembly 22. More particularly, the
spring structure 36 is uncoiled and placed over at least a portion of the
frame assembly 22 and is then released to trap or clamp the permanent
magnets 21 against the frame assembly 22. It can be appreciated that the
spring load may be exerted in directions other than towards the axis of
rotation A.

[0024] The spring structure 36 provides a path of magnetic flux while retaining
low scrap producing steel manufacturing methods, and has the ability to
conform and engage in a loosely toleranced magnet assembly. The
spring structure 36 clamps the magnets 21 to the frame assembly 22
preventing movement of the magnets 21 while maintaining a minimal air
gap 38 (FIG. 2) in the magnetic circuit. With this structure no boding of
the magnets is required. The spring structure 36 eliminates the
conventional large cylindrical surfaces that typically resonate noise and
replaces these surfaces with a structure of lower natural frequency. The
length and the diameter of the coil spring structure 36 can be changed
easily to accommodate different magnet saturation levels and
applications. It can be appreciated that the coil spring structure main
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function is to provide a flux path (e.g., with no air gap between the spring
structure and the permanent magnets).

[0025] In the broadest aspect of the invention, the non-magnetic frame assembly
can be configured for carrying the magnets only and steel endcaps could
be used at each end of the motor so long as the spring structure defines
the flux path.. In addition, it is contemplated that the coil spring structure
can be used with any non-magnetic motor frame with the magnets
disposed outside of the frame with the coil spring structure defining the
flux path.

[0026] The foregoing preferred embodiments have been shown and described for
the purposes of illustrating the structural and functional principles of the
present invention, as well as illustrating the methods of employing the
preferred embodiments and are subject to change without departing from
such principles.  Therefore, this invention includes all modifications
encompassed within the spirit of the following claims.
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What is claimed is:

1. An electric motor comprising:

an armature having windings, the armature being constructed
and arranged to rotate a shaft,

a commutator,

brushes to engage the commutator and conduct electrical current
to the windings,

permanent magnet structure disposed about the armature,

a frame assembly carrying the permanent magnet structure, and

a coil spring structure containing iron and disposed about at least
a portion of the permanent magnet structure and contacting the
permanent magnet structure to define a flux path for the motor.

2. The motor of claim 1, wherein the frame assembly is composed of first
and second halves, composed of non-magnetic material, joined
together.

3. The motor of claim 2, wherein the first half of the frame assembly
includes a plurality of protrusions extending from an edge thereof and
the second half of the frame assembly includes a plurality of recesses
in an edge thereof such that each recess receives an associated

protrusion so that the edges are in generally abutting relation.

4. The motor of claim 1, wherein the frame assembly includes retaining
tabs constructed and arranged to locate and retain the permanent

magnet structure with respect to a portion of the frame assembly.

5. The motor of claim 1, wherein the coil spring structure is composed of
rectangular rod steel.

6. The motor of claim 1, wherein the coil spring structure is constructed
and arranged to exert a spring load to retain the permanent magnets
with respect to the frame assembly.
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7. The motor of claim 2, wherein the frame assembly defines brush tubes
for holding the brushes, an end cap defining an end of the motor, a
electrical connector body, and bearing retainers to retain bearings that
support the shaft.

8. A flux path structure for an electric motor, the motor having a frame
and permanent magnet structure, the flux path structure comprising a
coil spring structure containing iron and disposed about and contacting
the permanent magnet structure.

9. The flux path structure of claim 8, wherein the coil spring structure is
constructed and arranged to exert a spring load to retain the
permanent magnet structure with respect to the frame.

10.  The flux path structure of claim 8, wherein the coil spring structure is
composed of rectangular rod steel.

11. An electric motor comprising:

an armature having windings, the armature being constructed
and arranged to rotate a shaft,

a commutator,

brushes to engage the commutator and conduct electrical current
to the windings,

permanent magnet structure disposed about the armature,

a frame assembly carrying the permanent magnet structure, and

means, containing iron and disposed about at least a portion of
the permanent magnet structure to define a flux path of the motor, for
exerting a spring load to clamp the permanent magnet structure with
respect to the frame assembly.

12. The motor of claim 11, wherein the frame assembly is composed of
first and second halves, composed of non-magnetic material, joined
together.
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13.  The motor of claim 12, wherein the first half of the frame assembly
includes a plurality of protrusions extending from an edge thereof and
the second half of the frame assembly includes a plurality of recesses
in an edge thereof such that each recess receives an associated

protrusion so that the edges are in generally abutting relation.

14.  The motor of claim 12, wherein the frame assembly includes retaining
tabs constructed and arranged to locate and retain the permanent
magnet structure with respect to an inside portion of the frame

assembly.

15.  The motor of claim 11, wherein the means for exerting a spring load

includes a coil spring structure.

16.  The motor of claim 15, wherein the coil spring structure is constructed
and arranged to exert the spring load towards an axis of rotation of a

shaft of the motor.

17. A method\ of providing a flux path of a permanent magnet electric
motor, the motor having a frame carrying a permanent magnet
structure, the method including the steps of:

providing a coil spring structure containing iron,

uncoiling the coil spring structure and placing the coil spring
structure over the at least a portion of a periphery of the permanent
magnet structure, and

releasing the coil spring st—ructure so as to contact the permanent
magnet structure to define a flux path for the motor.



WO 2004/073142 PCT/CA2004/000173

1/4

36\

|

\

(L

ﬁ%

16

FIG. 1



WO 2004/073142 PCT/CA2004/000173

2/4
36
20
/ I O A 10
—
N
Y \\
16
h 14
1 |/’| T T KY] 12
21 38

FIG. 2



WO 2004/073142

25

35

3/4

22

36

[T T4
| LA | I

\

PCT/CA2004/000173




WO 2004/073142 PCT/CA2004/000173

4/4

3B

N

FIG.6 FIG. 7




INTERNATIONAL SEARCH REPORT | tional Applicaticn No
PCT/CA2004/000173

CLASSIFICATION OF SUBJECT MATTER

?PC 7 HO2K1/17 H02K15/03

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOZK

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 25 03 227 A (PIKAZ INZENYRSKY PODNIK) 1,4-6,
29 July 1976 (1976-07-29) 8-11,
14-16
Y page 4, paragraph 1; claims 1,6; figure 1 2,3,7,
12,13,17
X FR 1 315 526 A (LICENTIA GMBH) 1,5,6,8,
18 January 1963 (1963-01-18) 9,11,
14~16
page 2; figure 4
X DE 16 13 443 A (SIEMENS AG) 8-10
28 January 1971 (1971-01-28)
Y page 3, paragraph 1; claim 3 17
X US 4 793 054 A (WHEELER DALE K ET AL) 11
27 December 1988 (1988-12-27)
column 6, line 20 - 1ine 37
/-

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

P g *T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international "X* document of particular relevance; the claimed invention

fiing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"’{{‘igh is Cﬁeﬂf" to estaplilsh the publicaﬁon‘fc_ia(tje of another *Y* document of patticular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-

other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.

later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report

21 May 2004 28/05/2004

Name and mailing address of the 1ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, R C
Fax: (+31-70) 340-3016 oy,

Fom PCT/ISA/210 (second shest) (January 2004}



INTERNATIONAL SEARCH REPORT

{

1ational Application No

PCT/CA2004/000173

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

GB 2 030 009 A (FERODO SA)
26 March 1980 (1980-03-26)
figure 1

2,3,7,
12,13

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT was

Information on patent family members

ational Application No

PCT/CA2004/000173

us 4414481 A

Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 2503227 A 29-07-1976  DE 2503227 Al 29-07-1976

FR 1315526 A 18-01-1963  NONE

DE 1613443 A 28-01-1971 DE 1613443 Al 28-01-1971

US 4793054 A 27-12-1988  US 4682066 A 21-07-1987
DE 3669964 D1 03-05-1990
EP 0226331 Al 24-06-1987

GB 2030009 A 26-03-1980 FR 2432790 Al 29-02-1980
FR 2462804 A2 13-02-1981
DE 2931093 Al 21-02-1980
ES 8101338 Al 01-03-1981
IT 1123505 B 30-04-1986
JP 1405688 C 27-10-1987
JP 55088553 A 04-07-1980
JP 62012740 B 20-03-1987

08-11-1983

Fom PCT/ISA/210 (patent family annex) {January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

