O 01/80401 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

25 October 2001 (25.10.2001)

PCT

(10) International Publication Number

WO 01/80401 Al

(51) International Patent Classification’: HO2K 1/24, 15/02

(21) International Application Number: PCT/GB01/01220

(22) International Filing Date: 20 March 2001 (20.03.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0009248.6 15 April 2000 (15.04.2000) GB
(71) Applicant (for all designated States except US): EURO-
PEAN ELECTRICAL LAMINATIONS LIMITED
[GB/GB]; Timmis Road, Lye, Stourbridge, West Midlands

DY9 7BQ (GB).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MAYBURY, Peter
[GB/GB]; 58 Dawley Road, Wall Heath, Kingswinford,
West Midlands DY6 9BH (GB).

(74) Agent: FORRESTER KETLEY & CO; Chamberlain
House, Paradise Place, Birmingham B3 3HP (GB).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European

patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,

IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii)) for all designations

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ROTOR, ROTOR ASSEMBLY, METHOD AND MACHINE FOR MANUFACTURE OF ROTOR ELEMENTS

(57) Abstract: A rotor assembly for an electric motor comprises rotor elements formed integrally as a pressing from strip steel,
whereof adjacent rotor elements (8) comprise pole portions (12) which are mutually offset, particularly with respect to a central
plane B-B of the body portion (10) of the rotor element. In particular each rotor element is produced by the use of a die assembly to
punch the rotor element from strip material, part at least of the pole portion of the rotor element being produced by a first die member,
and part at least of the body portion being produced by a second die member, in which relative movement is effected between the
first and second die members between successive punching operations.



WO 01/80401 PCT/GB01/01220

1
Title: Rotor, Rotor Assembly, Method and Machine for Manufacture of Rotor

Flements

Description of Invention

This invention is concerned with improvements relating to electric
motors, which term is to be deemed to include generators, and is particularly

concerned with motors of the type comprising a fixed stator defining a

generally hollow cylindrical chamber, and a rotor assembly comprising a‘shaft, -

adapted to be mounted within the stator, and a plurality of rotor members
extending radially of the shaft. Such an electric motor is hereinafter referred to
as being of the kind specified.

A conventional rotor member for a motor of the kind specified is
constructed from a plurality of rotor elements, conveniently in the form of steel
pressings, conventionally of about 1mm in thickness which lie in or parallel to a
plane extending at right angles to the axis of the rotor.

Conventionally each rotor element comprises a body portion, and
positioned radially outwardly of the body portion, a pole portion having an
extended outer surface which has a radius of curvature marginally smaller than
that of the stator surface, there being a small air gap between the outer surface
of the pole portion and the inner surface of the stator.

Conveniently, each rotor element is formed integrally as a pressing from
(for example) a steel strip, the rotor being assembled by a jig in which the rotor
elements are secured together in a desired orientation.

It is believed that there may be advantages by offsetting the pole
portions in a manner such as to present,, in plan view, the appearance of a
chevron. However, since with such a construction adjacent pole portions have
different positions in relation to the body portion dependant upon the position
of the rotor element in a direction longitudinally of the shaft, it is not possible

to produce such a rotor by stacking a number of identical elements, and to
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achieve this desired chevron design, it has been found necessary to produce,
conveniently by stamping, pole plates separately from the body plates, and to
secure these together by welding.

Whilst this may be accomplished by welding the pole plates to the body
plates individually, it has been found convenient to assemble the pole plates and
body plates in appropriate jigs, and to secure the pole plates to the body plates
by welding along an interface corner on each of two opposite sides.

Whilst this enables a rotor of the desired chevron profile to be produced
relatively simply by the use of semi-automatic machinery, it is nonetheless
relatively complicated, and does cause a reduction to the flow of flux to the
pole portion.

Additionally, since identical pole plates are utilised, necessarily the
centres of curvature of the outer faces of the pole plates when assembled follow
the line of the chevron, rather than, as occurs with the conventional design,
having the centres of curvature lying in a radial plane of the rotor, and even
though the effect of this is small, it produces a variation in the air gap at the
centre, compared with the air gap at the sides of the rotor.

According to this invention there is provided a rotor for an electric motor
of the kind specified, wherein the rotor elements are formed as integral
pressings, whereof adjacent rotor elements comprise pole portions which are
mutually offset.

According to this invention there is also provided a rotor assembly
comprising a shaft, adapted to be mounted within a stator, and a plurality of
rotor members extending radially of the shaft, each rotor member comprising a
plurality of rotor elements each comprising a body portion and a pole portion
integral with the body portion, wherein the pole portions of adjacent rotor
elements are offset.

Conveniently, each rotor element is formed as pressing, such as from

steel strip or plate, in which the pole portion of each rotor element is offset in a
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transverse, preferably circumferential direction from the body portion by a
distance which varies in a direction parallel to the axis of the shaft.

In the direction of the shaft, said offset may vary from a maximum in
one direction, diminishing through zero to a maximum in the opposite direction
at a point generally centrally of the length of the shaft, and increasing through
zero to a maximum again in said one direction.

Alternatively said offset may vary from zero to a maximum at a point
generally centrally of the length of the shaft, returning again to zero.

According to this invention there is also provided a method of
manufacture of rotor elements, involving the use of a die assembly to punch
the rotor element from strip material, part at least of the pole portion of the
rotor element being produced by a first die member and part at least of the body
portion being produced by a second die member,

characterised by the steps of effecting relative movement between the
first and second die members between successive punching operations.

In this way rotor elements may be produced which have pole portions
which are offset by different distances relative to a centre line of the body
portion.

Preferably said method involves the steps of stamping a plurality of rotor
elements, wherein an incremental adjustment of the position of the second die
member relative to the first die member is produced after each punching
operation.

Preferably the said part of the pole portion which is produced by the first
die member is that part of the pole portion which is common to all rotor
elements throughout the range.

Preferably said method involves the use a third die member adapted to
punch strip material along a line defining the remainder of the pole portion.

Preferably said third die member moves in the performance of the

method with the second die member.
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Preferably the third die member defines a curved outer surface of the
pole portion.

According to this invention there is also provided a machine for the
manufacture of rotor elements, comprising a die assembly comprising a first die
member for the punching part at least of the pole portion of the rotor element,
and a second die member for the punching of a body portion of the rotor
element, the first and second die members being mounted for relative
movement to produce rotor elements the pole portions of which may be offset
by different distances from a centre line of their associated body portions.

Each die member has associated therewith a punch, and preferably the
assembly comprises a third die member adapted initially to produce a curved
peripheral margin of the pole portions of the rotor elements.

Preferably the third die member simultaneously produces a curved
peripheral margin of the body portions of the rotor elements.

Preferably the machine comprises means to cause all the die members
thereof to perform a punching operation simultaneously.

The invention will now be described by way of example with reference
to the accompanying drawings wherein:

FIGURE 1 is a perspective view of a conventional rotor assembly;

FIGURE 2 is a plan view of a modified form of rotor assembly of the
kind shown in Figure 1, of the known “chevron” design;

FIGURE 3 is a side elevation of a rotor element utilised in the
construction shown in Figure 2;

FIGURES 4a, 5a and 6a are views of a machine utilised for the
production of die elements in accordance with the present invention;

FIGURES 4b, 5b and 6b are views of rotor elements produced by the die
assemblies shown in Figures 4a, 5a and 6a;

FIGURE 7 is a plan view of a second die member of the machine; and
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FIGURE 8 is a view illustrating the sequential stages in the punching of
a rotor element in accordance with this invention, from steel strip material.

Figure 1 shows a conventional rotor assembly comprising a shaft 6, and
a plurality of rotor elements 8 connected to the shaft for rotation therewith
about the axis A-A of the shaft 6, each rotor element comprising a body portion
10 and a pole portion 12. In conventional manner the rotor elements are
typically lmm in thickness, and are stacked to a desired depth in the
longitudinal direction, whilst the pole portions 12 are provided with curved
outer surfaces 13, having a radius of curvature marginally smaller than the
radius of curvature of the stator in which they are to be mounted, whereby a
small air gap is provided between the rotor and the stator.

Figure 2 illustrates schematically a modified construction of rotor, in
which, whilst the body portions are retained in position, the pole portions 12 are
progressively offset in both axial directions from a central plane B-B to produce
a “chevron” appearance as can be seen in Figure 2.

It will be apparent that in the arrangement shown in Figure 2, the relative
position of each pole portion differs in relation to an adjacent pole element,
with respect of the centre line C/L of the body portion 10, and thus the rotor
elements cannot conveniently be produced by the conventional stamping
operation. Thus as shown in Figure 3, which illustrates the variation in location
of the pole portions 12 in relation to the body portions 8, it is conventional to
manufacture the body portions and pole portions separately, and to secure these
together, conveniently subsequent to assembly of the elements in a jig, by weld
lines X disposed at two interfacial corners between the pole elements and the
body elements.

Figure 4a is a perspective view illustrating a die assembly, also
illustrative of certain aspects of this invention, utilised for the performance of a
method of producing rotor elements whereby a rotor assembly of the preferred

“chevron” design may be manufactured more conveniently.
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In accordance with this invention, the die assembly shown in Figure 4a
comprises a base plate 20 upon which a first, stationary member 22 is mounted,
and adjacent thereto a second, moving die member 32.

The die member 22 comprises two die apertures 24a, 24b, each
providing a die surface which corresponds to part of the periphery of the pole
portion of a rotor element.

The moving die member 32 comprises die apertures 34a, 34b each
providing a die surface corresponding to one side of a body portion 10, and a
third die aperture 35 extending between the two die apertures 34a and 34b.

The die assembly also comprises means 36, comprising driven gear
wheels 38 engageable with racks 40, whereby the die member 32 may be
moved incrementally back and forth across the base plate 20.

The die assembly comprises means (not shown) for advancing strip steel
50, conventionally of 1mm thickness, across the die assembly in the operation
of the machine, guide means conveniently afforded by pegs 52 engageable
within pre-formed apertures 54 in the steel strip being provided accurately to
locate the strip 50 in relation to the stationary die member 22 and the moving
die member 32.

The operation of the die assembly will now be described.

Punches (not shown) complimentary to the first die apertures 24a and
24b will remove portions of material from the steel strip corresponding to the
outermost margins of the pole elements of a conventional rotor element.

The strip is advanced from position B to position C (see also Figure 8),
and a punch member 62 comprising punch portions 64a, and 64b,
corresponding to the apertures 34a and 34b respectively, are operated to punch
outside the margins of the strip, whilst a third punch member 65, integral with
the punch portions 64a and 64b, passes into the bridging aperture 35.
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The punch members 64a and 64b co-operate with the areas of the strip

removed by the punches of the first die assembly, and there is thus produced a
completed rotor element 72, at position D.

As appears in Figure 7, the bridging aperture 35 and corresponding
punch portion 65 have surfaces provided with radii of curvature R1 and R2, the
radius R1 being equal to the desired radius of curvature of the outer surfaces of
the pole elements, whilst the radius R2 is equal to the radius of the bottom
surface of the rotor.

It will of course be understood that the punches of both die assemblies
are operated simultaneously. Subsequent to each punching operation, the drive
means 36 is operated to cause an incremental movement of the die plate 32 in a
desired direction, to produce an offset of the pole portion from the centre line
C/L of the body portion, such movement incrementally moving to a maximum
in one direction, and returning in the opposite direction to a start position. In
this way the rotor elements which are produced by operation of the machine
shown in Figure 4 will be “stacked” in the correct sequence.

However, if desired, a plurality of rotor elements may be produced with
the second die assembly in one location, prior to an incremental movement, and
the punching of a plurality of rotor elements in this offset position.

Whilst Figure 4a shows the second and third die assemblies having been
moved to a maximum position in one direction, Figure 5a shows the second die
assembly having been moved to a position of maximum offset in the opposite
direction, whilst Figure 6a shows the second die assembly in a medium
position, the rotor elements produced by the die assembly in these rotor
positions being illustrated in Figures 4b, 5b and 6b respectively.

Since the punch element 65 which produces the curved outer surface of
the pole element, together with the curved inner surface of the body portion, is
produced by the third die assembly, specifically by the punch 65 moving into
the die apertures 35, the centre line of the radius of curvature of the pole



WO 01/80401 PCT/GB01/01220

8

portions will necessarily remain generally on the centre line C/L of the body
portion (see particularly Figure 7), although the offset of the pole portion will
be different by one increment from the theoretical position. In this mannmer,
although the pole elements will be staggered when the rotor elements are
correctly secured together, the centre line of the outer surface will remain
constant, and the air gap between the outer surface and the inner surface of the
stator will remain constant, despite the fact that a “chevron” arrangement of
pole elements is being utilised. A

In this way the advantages of the chevron arrangement may be utilised,
without the disadvantages of variation of the thickness of the air gap in the
direction axially of the rotor assembly.

In the present specification "comprise" means "includes or consists of"
and "comprising" means "including or consisting of".

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS

1 A rotor for an electric motor of the kind specified wherein the rotor
elements are formed as integral pressings, whereof adjacent rotor elements

comprise pole portions which are mutually offset.

2 A rotor assembly comprising a shaft, adapted to be mounted within a
stator, and a plurality of rotor members extending radially of the shaft, each
rotor member comprising a plurality of rotor elements each comprising a body
portion and a pole portion integral with the body portion, wherein the pole

portions of adjacent rotor elements are offset.

3 The invention according to one of claims 1 and 2 wherein each rotor
element is formed as a pressing, in which the pole portion of each rotor element
is offset in a transverse direction from the body portion by a distance which

varies in a direction parallel to the axis of the shaft.

4 The invention according to claim 3 wherein the offset varies from a
maximum in one direction, diminishing through zero to a maximum in the
opposite direction, and increasing through zero to a maximum again in said one

direction.

5 A method of manufacture of rotor elements involving the use of a die
assembly to punch the rotor element from strip material, part at least of the pole
portion of the rotor element being produced by a first die member and part at
least of the body portion being produced by a second die member, characterised
by the steps of effecting relative movement between the first and second die

members between successive punching operations.
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6 A method according to claim 5 involving the steps of stamping a
plurality of rotor elements, wherein an incremental adjustment of the position
of the second die member relative to the first die member is produced after each

punching operation.

7 A method according to one of claims 5 and 6 wherein the said part of the
pole portion which is produced by the first die member is that part of the pole

portion which is common to all rotor elements throughout the range.

8 A method according to any one of claims 5, 6 and 7 involving the use of
a third die member adapted to punch strip material along a line defining the

remainder of the pole portion.

9 A method according to claim 8 wherein said third die member moves in

the performance of the method with the second die member.

10 A method according to one of claims 8 and 9 wherein the third die

members defines a curved outer surface of the pole portion.

11 A machine for the manufacture of rotor elements comprising a die
assembly comprising a first die member for the punching of part at least of the
pole portion of the rotor element, and a second die member for the punching of
a body portion of the rotor element, the first and second die members being
mounted for relative movement to produce rotor elements the pole portion of
which may be offset by different distances from a centre line of their associated

body portions.
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12 A machine according to claim 11 wherein each die member has
associated therewith a punch, and preferably the assembly comprises a third die
member adapted initially to produce a curved peripheral margin of the pole

portions of the rotor elements.

13 A machine according to claim 12 wherein said third die member
simultaneously produces a curved peripheral margin of the body portions of the

rotor elements.

14 A machine according to any one of claims 11, 12 and 13 wherein the

second and third die members are integral.

15 A machine according to any one of claims 11 to 14 comprising means to

cause all the die members to perform a punching operation simultaneously.
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