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(71)  We, Lucas INDUSTRIES LIMITED,
a British Company of Great King Street,
Birmingham B19 2XF, do hereby declare
that the invention for which we pray that
5 a Patent may be granted to us and the
method by which it is to be performed, to
be particularly described in and by the
following statement:—
This invention relates to a method of
10 manufacturing a dynamo electric machine
stator assembly of the kind comprising a
hollow cylindrical yoke having therein a
plurality of angularly spaced, axially extend-
ing, radially inwardly projecting poles, and
15 a sinusoidal field winding engaging the poles,
said winding including a plurality of axial
portions each engaged between a respective
pair of circumferentially adjacent poles, and
a plurality of curved end portions, each
20 curved end portion extending around an
end of a respective pole and inter-connect-
ing an adjacent pair of axial portioms, cir-
cumferentially adjacent curved end portions
of the winding being disposed at opposite
25 axial ends of the winding respectively.
According to the invention a method of
manufacturing a stator assembly of the kind
specified comprises the steps of axially insert-
ing a reduced diameter sinusoidal field wind-
30 ing into the yoke with the axial portions of
the winding aligned with the spaces be-
tween respective pairs of poles, expanding

the winding radially to engage the axial por- -

tions of the winding between their respec-
35 tive pairs of poles, and, securing the ex-
panded winding in position in the yoke by
subjecting the winding to a compressive load-
ing in an axial direction while holding the
winding against radially inward collapse, the
40 magntude of the axial loading applied to the
winding being sufficient to cause initial elas-
tic deformation of the winding into contact
with the poles and the inner surface of the
yoke and subsequent plastic deformation of
45 the winding, whereby, upon release of the

axial loading, the winding remains in its de-
formed configuration engaging the poles and
the inner surface of the yoke and so gripping
the poles and the yoke so as to retain itself
in position in the yoke. . 50

Preferably the -sinusoidal field winding is
initially formed with a diameter substantially
equal to its final diameter, the winding then
being collapsed radially inwardly to a re-
duced diameter such that the reduced dia- 55
meter field winding can be introduced axially
into the yoke. -

Conveniently, the step of expaning the
winding within the yoke is performed by
introducing a mandrel into the winding, the 60
mandrel including a tapering region, which,
during insertion of the mandrel through the
winding, expands the winding, the mandrel
being left in position during the application
of axial loading to the winding, so that the 65
mandrel serves to hold the winding against
radially inward collapse.

One example of the invention will now be
described with reference to the accompany-
ing drawings wherein:— 70

Figure 1 is a perspective view of a yoke
for a stator assembly;

Figure 2 is a perspective view of a sinusoi-
dal field winding;

Figure 3 is a transverse sectional view 75
of the stator assembly at one stage during
its manufacture;

Figures 4 and 5 are sectional views on the
lines 4-4 and 5-5 in Figure 3 respectively;

Figure 6 is a developed view of the interior 80
of dthe yoke assembly shown in Figure 3;
an

Figure 7 is an enlargement of part of
Figure 6, but showing the components at a
later stage in the manufacture. 85

Referring to the drawings, it is desired
to manufacture a stator assembly for a
dynamo electric machine of the kind includ-
ing a mild steel yoke 11 which is in the form
of a hollow, mild steel, cylinder carrying 90
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10

four equi-angularly spaced poles 12 on its
inner surface. The four poles 12 are defined
by indented regions of the hollow mild steel
cylinder and thus each of the poles 12 pro-
jects radially inwardly of the yoke 11. Each
of the poles 12 extends axially and has
rounded ends. It will be appreciated that four
axially extending gaps are defined between
the side walls of the poles each gap 13 being
defined between circumferentially adjacent

- poles 12. The field winding 14 of the stator

assembly is as shown in Figure 2, a sinu-
soidal field winding. The field winding 14

" js formed from a single length of aluminium
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strip which is bent to produce ultimately a
plurality of parallel sinusoidal convolutions.
Adjacent convolutions are electrically insu-
lated from one another in any convenient
manner, for example by forming the wind-
ings from strip previously provided with an
insulating coating. Tn this instance, since
the yoke has four poles then the winding
has four axial portions 15, each axial por-
tion 15 in use occupying a respective gap 13
between adjacent poles. The axial portions
15 are inter-connected by integral curved
end portions 16, each curved end portion 16
inter-connecting a circumferentially adjacent
pair of axial portions 15, and in use extend-
ing around the curved end of a respec-
tive pole 12. Moreover, circumferentially ad-
jacent curved end portions 16 are disposed
at opposite axial ends respectively of the
winding. v

In the finished stator assembly the wind-
ing 14 is engaged in the yoke 11 with the
axial portions 15 in the gaps 13 and en-

. gaging the inner surface of the yoke 11 and
* the end portions 16 extending around res-
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pective ends of the poles 12.

The yoke is pre-formed and is of a solid
construction. Similarly the winding 14 is
formed externally of the yoke rather than
being wound into the yoke. In order to
assemble the winding of the yoke, the wind-
ing is initially formed with a diameter and
axial length substantially equal to that re-
quired of the winding when in position in
the yoke. Thereafter the winding is passed
through a reducing die which is a tubular
die having a tapering bore. In forcing the
winding through the tapering bore of the
reducing die the winding is radially collapsed
so that the resultant winding has a reduced
diameter. The reduction in diameter is such
that the external diameter of the winding is
substantially equal to the minimum internal
diameter of the yoke, that is to say the
diameter bounded by the innermost faces
of the poles 12. The reduction in diameter
entails an increase in axial length. _

" The reduced diameter winding is then
introduced into the yoke 11 and is angularly
orientated such that the axial portions 15
of the winding are radially aligned with

their respective gaps 13. Thereafter, a man-
drel 17 is employed to expand the winding

"within the yoke.

The mandrel 17 comprises a lead region
18, which is of a diameter substantially

70

equal to the internal diameter of the re- .

duced diameter winding, and a main portion
19 of a diameter substantially equal to the
internal diameter of the winding in its fin-
ished condition. Intermediate the regions
18 and 19 the mandrel 17 includes a taper-
ing region 21. It will be understood therefore
that when the mandrel 17 is introduced
into the winding and is pushed therethrough
the region 21 of the mandrel causes the
winding to be expanded radially outwardly
so that the portions 15 thereof enter the
gaps 13 and the end regions 16 lie around
their respective pole ends.

If the mandrel is removed at this point
then some radial restortion of the winding
towards its reduced diameter condition will
occur, and the winding will be a loose fit in
the yoke.

In order to secure the winding in the
correct position within the yoke, without the
necessity of employing adhesives or addi-
tional mechanical fixing devices, the wind-
ing is subject to an axial loading of a pre-
determined magnitude. The axial loading is
applied with the mandrel 17 in position that
is to say with the portion 19 of the mandrel
within the winding. At the free end of the
region 19 of the mandrel, the mandrel is
formed with a circumferential flange 22 of a
diameter equal to the maximum of internal
diameter of the yoke 11. Encircling the
region 19 of the mandrel and abutting the
flange 22 is'a ring 23 of rectangular cross
section, the ring 23 being formed from syn-
thetic resin material conveniently Avothane.
The face of the ring 23 remote from the
flange 22 engages the two curved end por-
tions of the winding 14 which are disposed
at that particular end of the yoke. At the
opposite end of the yoke there is provided
a second moulded synthetic resin ring 24
substantially identical to the ring 23 and
slidably encircling the region 19 of the
mandrel 17. Abutting the ring 24 is a simi-
lar ring 25 formed from steel. It will be
understood that the ring 24 abuts the two
curved end portions 16 at that end of the
yoke, and thus the points of abutment be-
tween the ring 23 and the winding are spaced
around the axis of the assembly by 90°
from the points of abutment between the
ring 24 and the winding. The mandrel is
held against movement and a compressive
loading is applied in an axial direction to
the ring 25 to move the ring 25 towards
the flange 22. Thus this compressive loading
is applied to the winding 14 by way of the
rings 23, 24. The magnitude of the axial
loading is so chosen as to initially cause
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elastic ‘deformation:‘of the winding 14, so

""© that the-winding 14 bows radially outwardly

to engage the inner surface of the yoke be-
tween the poles,’and also to cause buckling

_of "the axial portions 15 of the winding

within the gaps 13." At this point it should

" be stressed that the clearance between the
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portions 15 and the side walls of the poles
defining the gaps 13 is relatively small, and
so the degree of buckling is similarly small.
The buckling can be seen in Figure 7 where
it is shown.in an exaggerated manner for
the sake of clarity.

It will be understood that if the axial
loading was sufficient only to achieve elastic

.1 “deformation then upon release of the loading
~“the resilience of the material of the winding

14 would cause the winding 14 to restore
to its original configuration. Thus the magni-
tude of the axial loading is such that follow-
ing the initial elastic deformation plastic de-
formation of the winding occurs so that upon
release of the loading the winding remains
in its deformed configuration. It will be
understood that since the. loading is ap-
plied to the winding at the end regions 16,
in addition the end regions 16 are deformed
against their respective curved ends of the
poles. Thus upon release of the compres-
sive force, the winding remains in its de-
formed configuration bearing against the
ends and the sides of the poles 12, and
bearing in a radial direction against the
inner surface of the yoke.

Thus the winding is locked in position
within the yoke against movement relative
thereto without the aid of adhesives, or any
additional mechanical devices.

During the application of axial loading
the presence of the mandrel 17 within the
yoke prevents radially inward collapse of
the winding which might otherwise occur.
The movement of the winding is thus con-
strained to circumferential buckling and
radially outward expansion.

As can be seen in Figure 3 the mandrel
can, if desired, be provided with axially
extending equi-angularly spaced pads 17a
which are positioned close to the winding
portions 15. Furthermore the Avothane
rings 23, 24 can be provided with diametri-
cally opposed pairs of raised pads for en-
gaging the end portions 16 of the winding.
Tn the event that the rings 23, 24 are pro-
vided with such pads, then it will be under-
stood that the rings must be correctly angu-
larly orientated with respect to one another
and the winding before the loading is ap-
plied. It will be appreciated that the intro-
duction of the mandrel into the winding to
expand the winding can be followed in the
same operation by the application of com-
pressive loading provided that the rings 23,
24, 25 are in position and the mandrel is
introduced through the winding. In other

words, both the expansion and the deforma-
tion of the winding can be achieved in dif-
ferent parts ‘of the:single continuous move-
ment .of the mandrél, the ring 25 - being
locked against movement and. so acting' as
a fixed abutment relative to which the man-
drel and the yoke assembly move to apply
the axial loading..> - * = - .

-+ While the meéthod of manufacture set out
in the above example relates to a four-pole
contruction it will be understood that' con-
structions having alternative’ numbers ~of
poles can be manufactured in a similar man-
ner. The magnitude of the compressive load-
ing applied to the winding to cause initial

relastic deformation and then subsequent

plastc deformation will depend upon the
nature of the winding and the material from
which the winding is formed. However, the
loading is readily determined by trial and
error, and of course where the assemblies
are being mass-produced then provide the
winding form and material are constant then
the loading determined by trial and error
for the first assembly will suffice for the
remainders.

Under the provisions of section 9 of
the Patents Act 1949 attention is directed to
the claims of our British Patent No.
1,444,549 the word ‘Avothane’ is a trade
mark.

WHAT WE CLAIM IS:—

1. A method of manufacturing a stator
assembly of the kind specified comprising
the steps of, axially inserting a reduced dia-
meter sinusoidal field winding into the yoke
with the axial portions of the winding
aligned with the spaces between respective
pairs of poles, expanding the winding radi-
ally to engage the axial portions of the wind-
ing between their respective pairs of poles.
and, securing the expanded winding in posi-
tion in the yoke by subjecting the winding
to a compressive loading in an axial direc-
tion while holding the winding against radi-
ally inward collapse, the magnitude of the
axial loading applied to the winding being
sufficient to cause initial elastic deformation
of the winding into contact with the poles
and the inner surface of the yoke and sub-
sequent plastic deformation of the winding
whereby, upon release of the axial loading,
the winding remains in its deformed config-
uration engaging the poles and the inner sur-
face of the yoke and so gripping the poles
and the yoke so as to retain itself in posi-
tion in the yoke.

2. A method as claimed in claim 1
wherein the sinusoidal field winding is initi-
ally formed with a diameter substantially
equal to its final diameter, the winding then
being collapsed radially inwardly to a re-
duced diameter such that the reduced dia-
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meter field winding can be introduced axi-
ally into the yoke.
3. A method as claimed in claim 1 or
claim 2 wherein the step of expanding the
5 winding within the yoke is performed by
introducing a mandrel into the winding, the
mandrel including a tapering region, which,
during insertion of the mandrel through the
winding, expands the winding, the mandrel
10 being left in position during the application
of axial loading to the winding so that the
mandre! serves to hold the winding against
radially inward collapse.

4. A method of manufacturing a stator
assembly of the kind specified substantially 15
as hereinbefore described with reference to
the accompanying drawings.

5. A stator assembly of the kind specified
manufactured in accordance with anyone of
claims 1 to 4.

MARKS & CLERK,
Alpha Tower,
ATV Centre,

Birmingham B! 1TT.
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