woO 20117108013 A1 | I} I} 0000 R L

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

ot VAP,
(19) World Intellectual Property Organization /g3 [} 1M1 N 00010000000 0 000 0 00
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
9 September 2011 (09.09.2011) WO 2011/108013 A1
(51) International Patent Classification: (74) Agent: CARANGELO, Pierluigi; ¢/o JACOBACCI &
HO2K 3/34 (2006.01) HO2K 15/12 (2006.01) PARTNERS S.p.A., Vai delle Quattro Fontane, 15, 00184
Roma (IT).

(21) International Application Number:
PCT/IT2010/000092 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
3 March 2010 (03.03.2010) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: Italian DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: Enghsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant (for all designated States except US): TEC- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NOMATIC S.P.A. [IT/IT]; Zona Industriale Santa Sco- NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

lastica, Via Copernico, 2, 64013 Corropoli (Teramo) (IT). SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventor; and

(75) Inventor/Applicant (for US only): GUERCIONI, Sante (84) Designated States (unless otherwise indicated, for every

[IT/IT]; c/o TECNOMATIC S.p.A., Zona Industriale San- kind of regional protection available). ARIPO (BW, GH,
ta Scolastica, Via Copernico, 2, 64013 Corropoli (Ter- GM, KE, LS} MW, MZ, NA, SD, SL, 82, TZ, UG, ZM,
amo) (IT). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR MAKING A STATOR FOR AN ELECTRIC MACHINE AND ELECTRIC MA-
CHINE STATOR WITH HIGH FILL FACTOR

20 (57) Abstract: A method (20) is described for making a stator (1) of an
~ electric machine, the stator comprising a stator core (2), the stator core com-
21 prising a main body and a plurality of slots (8) which are axially extended

inside the main body and are adapted to receive bar conductors. (5, 5', 5")

g of a bar stator winding. The method (20) comprises the steps of : - inserting
(23) at least one preshaped insulating sheet (10) inside at least one of said

slots (8); - hot shaping (26) said preshaped insulating sheet (10) inside the

slot, along the entire axial extension of the slot (8) or along a substantial

portion thereof, in order to confer form regularity and stability to said pre-

\Q FIG. 4 shaped insulating sheet (10). Through the described process, it is possible
) to make stators with bar winding having a stator core with relatively high
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“"Method and apparatﬁs for making a stator for an
electric machine and electriclmachine stator with high
£fill factor”

DESCRIPTION

The present description refers to a method and to an
apparatus for making a stator for an electric machine.
The present descripfion'also refers to a stator. for an
electric machine with high fill factor.

It is known to make stafors for electric machines
having a stator core in which a.pluraiity of slots are
provided, and also comprising a plurality of bar
conductors inserted in the aforesaid slots. and |
differently connected to each other in order to form one
or more stator windings. The aforesaid stator windings
with bar conductors are éommonly called Dbar stator
windings.

In ordér to make the aforesdid stators, in order to
ensure a correct insulation between separate bar
conductors houseéd in a same slot énd/or between the bar
conductors and the inner walls of the élots of the stator
core, an operation is provided for inserting, inside each
slot, a respective sheet of electrically insulating
material, for éxample made of composite material. Based
on contingeﬁt needs, on the slot shape and type, on the

number of bar conductors to be inserted in a same slot,
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it is known to provide that the aforesaid insulating
sheet 1is suitably.preshaped pefore the insertion in the
respective slot. For éxample, wc”, “u”, “S” and “Z”-
shaped‘preshaped insulating sheets are known (among other
shapeé)ﬂ Based on contingent needs, it is also possible
to provide for‘ inserting, in a same slot, two or more
preshaped insulating sheets.

Normally, and particularly but not exclusively 1if
the method of insertion of the bar conductors inside the
slots is .an at least paftially automated process, the
preshaped insulating sheets are inserted in the slots
before filling the slots with the conductors. In the
prior ait methods, there may be provided, after.having
inserted the preshaped insulating sheets in the slots, an
operation of flaring end portions of the preshaped
insﬁlating sﬁeets which axially project beyond the.stator
core, at least from the insertion side of the bar
conductors. Such portions thus flared act as stop
elements. provided for preventing the insulating sheéts
from being drégged along the slots during the insertion
of the bar conductors inside the slots, in addition to
acting .as guide for the bar conductors. during their
insertion in the stétor‘core.

In the. patent~ application publishedv as Us

2009/0265909, a method for making a stator is described,
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comprising a step of filling the slots of a stator core
with respectiﬁe preshaped insulating sheets; a step of
dréwing, from a twisting device, the entire winding
coﬁprising a pluraliﬁy of bar conductors; and a step for
simultaneously inserting the conductors of the winding
inside the slots..

It is known that 'the .performance of an electric

machine depends on the slot fill factor of the stator

core and it is desirable that such factor be as high as

- possible. This need nevertheless contrasts with the

difficulties and the problems that éan be encountered
during the insertion of the bar conductors inside the
slots, if these héve been previously equipped with one or
more respective insulating sheets. Ingeed, in order to

obtain a high fill factor, the bar conductors must have

. external size which fills the residual space in the slots

as much as possible after the insertion of the insulating
sheets. The limit of this optimal sizing is giveﬁ by the

sliding friction resistance that +the bar conductors

- encounter during their insertion in the slots. In

"particular, if the slots, and hence also the bar

conductors, have a relatively high longitudinal
éxtension, for example gieater than 10 cm, particularly
but not exclusively if one wishes to employ an automated

-slot filling process, and particularly but not
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P

exclusively if such filling is simultaneous for all or
nearly all the slots, it is nécessary to maintain the
size of the cross section of the bar conductors under
certain limits, such that the residual Space (i.e. the
‘space available.of‘the slot_after the insertion of the
preshaped insulating sheet therein) allows avoiding an
undesired Dblocking of. the bar conductors during their
insertion in the slots. This problem is particularly but
not exéiusively felt if the conductors have a relatively

small cross section or at least a cross section with a

~geometry which has a relatively small minimum dimension.

In this cése, in fact, there is the risk .that the
blocking of the bar conductors causes an undetermined
‘bending of the same bar conductors, which in an automated
method with simulténeous insertion of a plurality'éf bar
conductors in the slots would lead to the blocking of the

method and the production of bar conductor scraps with no

possibility of recycling.

In view of the abovementioned 1limits, it is not
currently possible to make stators wifh slot fill'factor
greater thah 80% (intended as the ratio between the cross
éecﬁion of the bar conductor withoﬁt insulating enamel
and the cross section of the slot without insulating

sheet), and in particular greater than 85%, which have a

length equal to or greater than 100 mm, and in particular
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" greater than 150 mm and even more so greater than 200 mm,

particularly but not exclusively if the cross section of

the bar conductor has a_geometry with minimum.dimension
(measured with inclusion of a possible insulating enamel)
less than or equal to 3.3 mm and in particular less than
3.0 mm, for example equal to 2.8-2.9 mm.

There is therefore the need td‘provide a method for
ﬁaking-a stator for an electric machine which is capable
of remedying the drawbacks described above with reference
to the prior art.

The object of the present description is to provide
a method which allbws meeting the above-indicated need.

Such object is carried out by means of a method for
making a stator as generally defined in the attached
first claim in 1its most general form, and in the
dependent claims in several particular embodiments.

A further object of the present invention is that of
providing an apparatus for makihg a stator and in
particular an apparatus for conferring form regularity
and stability to the preshaped insulating sheéts of a
stator.

A further object of the present invention is that of
providing a stator with bar conductors which has a high
slpt fill factor.

The® invention will be better understood from the
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following detailed description of its embodiments made as
exemplifying and hence in no manner limiting in relation
to fhe drawing set, in which:

- Figure 1 schematically shows a side view of a stator
embodiment for electric machine, comprising a stator core
and a Bar stator winding; |

- Figure 2 schematically shows a top view of a portion of

~a stator core, in which two slots are shown that are
‘intended to be filled with preshaped insulating sheets

.and bar conductors;

- Figure 3 schematically shows a top view of a portion of
the stator core, in which two slots are visible that are

filled with insulating sheets and bar conductors;

-— Figure 4 shows a flow diagram of a method for making

the statbr of‘Figure 1;
- Figure 5 shows a front elevation plane view, with some
sectioned parts, of an‘apparatusvemployable for actuating
several steps - -of the method of figure 4;
-~ Figure 6 shows a plane view in section of an enlarged
part of the apparatus of figufe.S; and
- Figure 7. shows a plane view in side section of the
apparatus of figure 5.

In the figures, equivalent or similar elements are
indicéted with the same numeric references.

For the purposes of the present invention, by “flat”
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or.“square” bar conductor, a bar conductor is intended
having four substantially flat sides, each Jjoined at
adjacent sides, typically by a rounded corner.

Hence, the words “flat” or “square” or equivalent
words used  for describing the cross section of a bar
conductor are used in a general éense and must not be
interbreted to exclude the fact thaf such‘bar conductors
have significantly ‘rounded corners which Jjoin the
substantially flat sides. The expression “flat conductor” .
is intended in the sense that the conductor has two
opposite sideé, whose distance 1s greater than tﬁe
distance between the remaining two opposite sides. Far
the purposes of the present description, the expression
“recfanguiar conductor” is intended as generaliéation of
flét conductor and square conductor, the square conductor
being a special rectangular: conductor case in which the
four sides have the same dimensions. | |

With reference to the figures, a.stator is indicated
in its entirety with 1, such stétor comprising a stator

core 2. For example, the stator 1 is the stator for an

electric machine such as an electric motor, e.g. for an

electric or hybrid drive vehicle.
It is clear that such stator can also be used in an
electric machine employed as a generator or employed for

alternatively performing»the function of motor and the
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function of generator. Only the stator of.such'eleetric
machine,Was represented ih the attached figures, since it
is deemed that the remaining parts of an electric machine
or generally of an eleetric or hyerid drive vehicle are
widely known by a man skilled in the art. |

In a per _se known manner,’ the stator core 2
comprises a laminated tubular main body, for example made
of a magnetic material, that is axially extended (Z-2
"axis) between two opposite faces 3,4.

The main body of the stator core 2 comprises a
plurality of slets 8 which are axially extended into the
thickness of the main body and which are adapted to
receive rectangular bar conductors 5, 5’, 5’’ which
altogether form at least one bar stator w&nding. In
accordance with one embodiment, the bar rectangular
conductors 5, 5', 5'’ are superficially covered with a
layer of insulating material, such as, fer ekample, an
insulating resin enamel.

In accordance with one embediment, the rectangular
bar conductors 5, 5’, 5'’ comprise .a first set"of
4standard conductors 5, which are U-shaped bar conductors
- (also called “hairpin conductors”), and a second set of
special conductors 5', 5’’ which .compriee‘ for example
terminals 5’ or jumpers 5’’. The U-shaped conductors have

a- fold portion 6 which projects from a face 3 of the
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stator core 2, or insertion, face 3, and two free end
portions 7 which project from the othef face 4 of the
stator,COré 2, or welding face 4.
The distance between the two faces 3,4 defines the
5 height H_s or the axial extension of the stator core. In
accordance with one embddiment; such height H s is
greater than or equal to 100 mm. In accordance with a
‘fﬁrther\embodiment, such height H_s\is greater than or
equal to 150mm suchlas, for exaﬁple, equal to about 160
10 mm. In accordance Qith a fﬁrther embodiment, such height
H s is greater than or equal to 200 mm.
| That described up to now is known by the man skilled
in the art of the field and therefore will not be further |
aefailed.

15 In accordance with one embodiment, the aforesaid bar

-

conductors 5, 5’, 5'’ are copper conductors and are flat
conductors, so that they have a pair of opposite faces-
that are distant from each other by more':than .the

distance between the two remaining opposite sides. |

20 In accordance with one embodiment, the rectangular
| bar conductors have a cross section with a geometry
having minimum‘ diﬁension (also including the possible
insulating enamel) less than or equal to 3.5 mm. In
accordance with one embodiment, such minimum dimensionb

25 (also including the possible insulating enamel) 1is less
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than or equal to 3.0 mm. For example, such minimum
dimension (also including the possible insulating enamel)
is equal to 2.9’mm'or 2.8 mm. In the case of rectangular
bar conductors;, this implies that at least two opposite
sides of said conductors have thickness comprised in the
aforesaid range: and the remaining two opposite sides have
arbitrary sizes, which can be comprised or not comprised
‘in the.aforesaid range.

With reference to the figures 2 and>3, each slot 81
of the stator core 2 is crossed by at least one\of the
aforesaid bar conductors 5, 5’, 5’’ and ﬁosts a sheet 10,
or sheath 10, made of insulating material. As is known to
a man skilled in the art, the characteristics of such
insulating sheet 10 are conveniently selected in relation
to the electric power at play and in relation to the
operating temperature.

In accordance with one possible exemplary and non-
limiting embodiment, the insulating sheet is a multiiayer
shset comprising two TufQUIN™ (3M™) layers that are
coupled, e.g. glued, to the two opposite faces of av
central polyester sheet. |

In aCcordance with one possible embodiment, the .
slots 8 are of open type, i.e; they have an opening 9
which faces towards the interior of the mainltubular body

of the core 2.
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In accordance with a specific and non-limiting
embodiment selected ’erHl among the maﬁy bossibilities,
each 'slot 8 1is crossed by at least one pair of
rectangular bar conductors 5, 5’, 5’’ and each slot hosts
a _sheét of insulating material with an S—shaped Cross
section. In accordance with one embodiment, as shbwn in
figure 3, if the bar conductors are flat, the two bar
conductors inside a same slot are aligned along their
respective short side.

If the slots 8 are each crossed by more than two bar
conductors 5, 5’, 5’’, it 1is possible to provide for
inserting mdre than one S-shaped preshaped insulatihg
sheet 10 for each slot 8, for example one‘ S-shaped
preshaped insulating sheet 10 for each pair of bar
conductors which cross the slot 8. In an alternative
embodiment not shown in the figures, it is possible, for
example, to insert a single insulating sheet in a single
.U—shaped preshaped insulating sheet, even in‘the presence
of more than one pair of bar conductors in the slot 8, in-
which such insulating sheet 1s therefore set for
insﬁlating the bar conductors from the internal walls of
a slot but nof to insulate the bar conductors, that are
housed inside a same slot, froﬁ each dther. In this case,
such conductors will clearly be equipped witﬁ suitable

external insulation lining.
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In further embodiments, .not represented 1in the
figures, 1t 1is possible to provide that’ the preShaped:
insﬁlating sheets 10 inserted in_the slots have a cross
‘'section which rather than being “S”-shaped is shaped as a
ring, “C”-shaped, “2”-shaped, etc.

For the purposes of .the present description, by
preshaped insulating sheet it 1is intended an insulafing
sheet which was subjected before insertion in the slot to
a manufacturing method adapted to confer a  shape to the
sheet that is different from flat or approximately flat
iform. The manufacturing methods of the aforesaid type are
knowq to a man skilled in the art and generally are such
to provide foiding'operations of the insulating sheets
adapted to confer these, starting from a flat or
approximately flat form, . an "S-, “C"-, “U”; and “z27-
shaped form etc. By approximately flét form, it 1is

intended form different from exactly flat form, such as,

for example, a slightly curved form, that the insulating )

sheet can take on e.g. due to storage of’the latter as
part of a tape wound around a support.

In figure 4, the siﬁplified flow chart is shown of a
method embodiment 20 for making a stator 1 as described
abo&e. |

The methoa 20 comprises a step of prearrangiﬁg 21 a

bar stator winding formed by bar conductors' 5, 5’, 5’7
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intended to be inserted inside the slots 8 of the stator
core 2. In a per se known manner, the prearranging step
21 comprises the operations of pre-forming the baf
conductors, inserting these in a forming device, and
‘twisting the bar conductors by means of the. forming
device. in a per se known manner, the prearranging step
21 .comprises an operation of drawing all the bar
conductors together from the forminé device, as a non-
limiting example via an'éxfraction device and a clamp-
grip device as described in the patent application US
2009/02659009. |

The method 20 also comprises a step 22 of inserting
at least one preshaped insulating sheet 10 (for example
“S”-preshaped or “U”-preshaped or “Z”-preshaped etc.)
inside at least one of_the élots 8. In accordance with a
preferred embodiment, the insertion step 22 comprises a
step of simultaneously or sequentially inserting, inside
all the slots 8, at least one respective preshaped
insulating sheet 10.

The method 20 also comprises a step 25 of hot
shaping, inside the slot 8, said at least one preshaped
insulating sheet 10, along the entire axial extension of
the slot 8 or'along a substantial portion thereof. For
the purposes of the present description, by substantial

portion it is intended a portion of length greater than
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or equal to 75% of the slot depth. Preferably, the
aféresaid step 25 of hot shaping 1s simultaneously
carried out for ‘all the preshaped insulating sheets 10
inserted inside the slots 8 of the stator core 2. |
For the purposes of the present description, by hot
shaping a breshaped insulating sheet 10 inside the slot 8
it is intended an operation that is such to modify the
sﬁape of -the preshaped iﬁsulating sheet 10 after the
insertion of the latter in the slot 8§, in order to confer
this with a desired and stabilized form. In other words,

the step 25 of hot shaping is aimed to confer a certain

~form regularity and stability to the preshaped insulating

sheet 10 such that the latter takes on, inside the
respective slot 8, a‘profile'which éssentially optimizes
the residual space inside the slot 8 in order to
facilitate the insertion of the bar conductors 5, 5f,
5’. Such optimization is aimed to improve the adhesion
of the insulating sheet 10 to the inner walls of the slot
8 and/or‘create precise folds in the insulating sheet 10
and/or flatten possible_ifregularities on the surfacé of
the insulating sheet 10. It is observed that by
advantageously actuating the aforesaid hot shaping
operation inside the slét, it is "possible to have the
inner walls.of the slot 8 which act as an abutment'during

such operation.
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In accordance with one embodiment, the hot shaping
step 25 comprises an ope;ation.of pressing the aforesaid
at " least one preshaped insulating sheet 10 inside the
respective slot 8 via insertion inside the latter of a
preheéted shaping tool 53 and subsequent removal thereof.
During' Such. insértion and subsequent removal, there is
vtherefore a.slidiﬁg of the hot shaping tool 53 on a free
surface of the insulating sheet 10, with abutment aéainst
the inner walls of  the slot 8, aimed lto optimize the
profile of the preshaped insulating sheet 10 shape inside
the slot 8. In accordance with one embodiment, before the
hot shaping step 25, the method 20 comprises a step 23 of
preheating .the shaping tool 53 to a temperature greater
‘than or equal to 120°C and preferably greater than or
equal to 150°C..

In accordance with one embodiment, the shaping tool
53 comprises at ieast one bar 53 and the hot qhaping step
comprises an operation of ihserting the bar 53 inside a
respective slot by making the bar 53 move forward with
respect'to the stator core 2 and a subsequent’operation
of freeing the slot 8 from the bar 53 by making the bar
move backward with respect to the statdr core 2.

In accordance with one embodiment, preferfed and
nqn—limiting, the bar 53 has a length greater than or

equal to the axial extension depth of the slot 8 and is
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intendéd to be inserted in the élét 8 on the insertion
side 3, in order to crosé through the slot 8 and arrivek
at an end stoprposition in which a free end portion of
the bar 53 projects beyond the welding face 4 of the
stator core 2. Clearly, in this case ‘the hot shaping
occurs along the entire extension of the slot 8.

In accordance with one embodiment, if the slot 8 is
intended to house several bar cohductors 5, 5(, 577 of
the stator winding and if the preshaped insulating sheet
10 has one or more intermediate dividers ll‘(as occurs,
for example, when one uses a preshaped insulating sheet
with “S”-shaped tranéverse profile - Fig. 3); the shaping
tool 53 comprisés a number of bars 53 equal to the number
of bar conductors 5, 5’, 5’’ intended to be housed inside
the same slot 8. For exaﬁple, if each slot 8 is intended
to house two bar conductofs 5, 5, 5’ and.a preshaped
insulating sheet 10 is provided for with essentially S—'
shaped transverse profile, the hot shaping tool 53, as in
the represented embodiment, will combrise two ba;s 53
intended to be simultaneously inserted, inside a same slot
8.

In accordance with a preferred embodiment, the
method 20 comprises a step 24 of flaring an end pértion
10’ of the insulating sheet 10 projecting from the stator

A

core 2, from the side of an axial end of said éore, and
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preferably from the side of the insertion face 3. The
flaring step 24 comprises an operation of inserting a
conical flaring element 54 inside said projecting end

portion 10’ . More preferably, with reference to figure 6,

‘"the shaping tool 53 is slidably received inside a hollow

housing seat 55 which terminates with the conical flaring
element 54, which is therefore a conical and hollow:"
flariné eiement 54 being equipped with ban end opening
intended to be crossed by the shaping tool 53. 1In
accordance with one embodimenf, the flaring element 54 1is
conveniently a preheated elément. In addition, it is. also
clear that the flaring. step 24 can be Simultaneously

carried out for all the insulating sheets 10 housed in

" the stator core 2, by executing such. step via a circular

formation compfising a plurality of conical flaring
elements 54. |

The flaring step 24 can be execufed before the  hot
shaping sﬁep 25 or, in accordance with a preferred

embodiment, simultaneously or at least with partial time

.overlapping with the hot shaping step 25. In the latter

embodiment, with reference to figure 5, it is- in fact

observed that it is possible, for example, to make the

shaping tools 53 slide inside the seat 55 while the

conical flaring element 54 is in abutment on the

projecting portion 10’ of the insulating sheet 10.
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Returning the flow diagram of figure 4, in
accordance with one embodiment, after the hot shaping
step 25 the method 20 comprises a step of inserting 26
all the bar conductors 5, 5’, 5’’ inside the respective
slots, aé prearranged in the prearranging step 21. Due to
the fact that there 1is a hot shaping step of the
insulatiﬁg ~"sheet 10 in the slot 8, one will be able
appreciate, as already anticipated, that the insertion
step 26 is facilitated; such step is also possible with
.bar conductors of relatively high length and relatively
low cross section. At the same time, the insertion step
is such to obtain a high fill factor of the slots 8.

In accordanée with one embodiment, the method 20
comprises a subsequent step for folding and welding 27
end bortions of the bar conductors which project beyond
'the welding face 2 of the stator core 2. Such step 27 is
per se known to a man skilled in the art and for this
reason will not be further detailed in this document.

With ;eférence to figures 5 - 7, an embodiment of an
apparatus 50 for making a stator will be described,.and
in particular a shaping apparatus 50 for the shape

stabilization of at least one preshaped insulating sheet,

by means of whiéh the hot shaping step 25 can be carried

out of the preshaped insulating sheets after the

insertion thereof in the stator core. In accordance with
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"the embodiment which will be described, the shaping

apparatus 50 is such to also carry out the preheating 23
and flaring 24 steps described above.
- The .apparatus 50 comprises a tubular housing 52

adapted to house the, hot shapihg tools 53. The tubular

‘housing 52 is for example integral with a support plate

51 provided to suspend the apparatus 50 at a support
crossbar or arm . (not shown in the figures), for example

vertically -movable (along Z-Z axis) with respect to an

abutment and work surface 60. The tubular housing 52 in

pafticular hosts a plurality of hot shaping bar pairs 53
circumferentiélly arranged aiound a work axis zl of the
apparatus 50. The work axis zl1l in the’functioning of the
apparatus 50 is aligned with the Z-Z axis of the stator
core 2. In the embodiment, each pair of hot shaping bars

51 comprises a first and a second bar 52, close to each

other and radially aligned.

The hot shaping bars 53 are integral with a same
support plate 56 that is axiaily movable along the work
axis zl by means of a linear motor - which can ‘be
electric, pneumatic or hydraulic - comprises a slidable
piston 57 and a roll 58.

The hot Shaping bars 53 are housed in a housing seat

55 which is operatively heated by a distributed heating

-element 59 provided for in the equipment 20. Therefore,
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when the bars 53 are housed in the housing seat 55, these
are preheated due to the distributed heating elemént 59.
For example, such bars are brought to a temperature
.greater than or equal to 120° C, and for example to a
temperature ‘comprised between 120°C and 160°C and
preferably equal to 150°C. Nevertheless, it is observed
that the temperature represents a design parameter that
can be set by a man -skilled in the arf based on the
characteristics of the préshaped insulating sheet 10 - in
order to obtain the desired hot-shéping effect.

Once a desired operating temperature has béen
attained, the shaping bars 52, by means of the motor 57,
58, can be axially moved’ into a groub for slidably
penetrating inside the respective slots 8bof the stator
core 2. This in order to carry out the hot shaping step
25 of the preshaped inéulating sheets 10 already
described above.

Frpm the_results of experimental tests carried out,
it is observed that.it is not necessafy for the shaping
bars 53 to stay for a long time inside the slots 8.
Rather, a brief stop in the slots 8 1is sufficient (for
»exémple, on -the order of 0.5 - 2 seconds and preferably
equal to 1 second) after the insertion and before the
extraction of the shaping bars 53.

The apparatus 20 can be conveniently equipped with
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at least one circular array. comprising a plurality of
tubular and conical flaring elements 50 which can be
crossed by the shaping baré 53 in order to. flare the -
_projecting end portions 10’ of the insulating sheets:lO,'
so as to carry out, with one same apparatus 50,4botﬁ the
vflaring step 24 and the hot shéping step 25 in the slot.
It is also possible to advantageously provide that the
distributed heating element 59 1is also employed for
heating the tubular conical flaring elements 54.

Finally, with reference to figure 7, it 1is observed
that the apparatus 20 can be provided with a support and
erk surface 60 adapted to sustain the stator core 20 in
abutment. Inva per sé-known manner, such surface 60 can
be a surface rotating around a vertical axis z2 and the
apparatus_ 20 can indiscriminately constitute ‘part of
specific machine or aiternatively it can represent one 6f
a plurality of work stations angularly 'spaced from each
other. In such stations, thé stator core 2 can be borne
by rotating the surface 60 in order. to be subjected to
several separate working steps.

Tests in the field have shown that through a method ‘
and apparatus as described above, it is possible to fully
achieve the pre-established goals, since it 1is possible
to make stators having a height (Z-2Z axis), or even an

“axial extension” that is relatively high and at the same
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characterized by a high slot fill factor, since via the
hot shaping of the preshaped insﬁlating sheets in the
slot, it is possible to: stébilize»the form and optimize
the profile of the preshaped insulating‘sheets directiy,

in the slots, and facilitate the insertion of the bar

.conductors 20 insideé the slots 8.

In particular, by means of tests on the field, a
stator was made:

-~ with a stator core having a height greater than
or equal to 100 mm;

— in which the fill factor of the slots 9, intended
as the ratio between the cross section of a slot without
iﬁsulating sheet 10 and the total electrically conductive
sect;on of tﬁe at least one bar conductor housed therein,
is greater than or equal to 80%. |

In particular, a stator of the aforesaid type was
achieved whose height is greatér than or equal to 150 mm,
and in particular greater than or equal to 200 mm.

In particular, a stator of the aforesaid type was

-achieved  in which the £fill factor is greater than or

equal to 85%.

In particular, a sfator of the aforesaid type was
achieved in which the bar conductor has a cross section
with a geometry having a minimum dimension less than or

equal to 3.5 mm and in particular is less than or equal



10

WO 2011/108013 PCT/IT2010/000092

23
to 3 mm.

‘Of‘éourse, a man skilled in the'art can make numerous
modifications and variants to the above-described method
and apparatus in order to meet specific and contingent
needs; all modification and %ariants are moreover
_contained in the protective scope of the invention as

‘defined by the following claims.



WO 2011/108013 PCT/IT2010/000092

24

CLAIMS

1. Method (20) for making a stator' (1) of an
electric machine, the stator comprising a stator core
(2), the stator core (2) comprising a main body and a

5 plurality of slots (8) which are axially extended inside
the main bodiland are adapted to receive bar conductors
(5,5",5"") of a bar _stator winding, the method (20)
comprising thé steps of:

- dinserting (23) at least one preshaped iﬁsulating

10 sheet - (10) inside at least one respective slot (8) of
said plurality of slots (8);

- hot shaping (26) the preshaped insulating sheet
(10) inside the respective slot (8), along the entire
axial extension of the slot (8) or along é substantial

‘15 portion thereof, in order to confer form regularity and
stability to séid preshaped insulating sheet (10).

2. Method (20) according to claim 1, wherein the.hot
shaping step (25) comprises an operation éf pressing the
preshaped insulating. sheet (10) inside the slbt (8)

20 against the .walls of the slot .(8) by means of the
insertion of a preheated shaping tool (53) inside the
slot and subsequent. removal of such tdol.

3. Method (20) acqording to claim 2, comprising a
step of preheating the shaping tool‘(53) to a temperéture

25 greater than or equal to 120°.
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4. Method7(20) according to.claims 2 or' 3, whefein
the shaping tool (53) comprises at least one bar (535
adapted fo be éxially iﬁserted in a.respective slot (8).

5. Method (20) aCcording' to claim 4, wherein the
slot is intended to house several bar‘conductors,(S, 5,
5”) of said bar winding and wherein the shéping tool
(53) ‘includes é.number of bars equal to the number of bar
conductors intended to be housed inside the slot.

6. Method (20f according to claims 4 or 5, wherein
the hot shaping step (25) comprisés an operation. of
inserting said at least one bar (53) 4dnside a respective
slot (8) by making the bar move forward with respect to
the stator core and a subsequeﬁt operation of freeing the
slot from said bar by making the bar move backward with
respect to the stator core.

7. Method (20) according to any one of the preceding
claims, moreover comprising a step of flaring (24) an end
portion® (10’) of said insulating sheet (10) projecting
from the statorvcore, the flaring step (24) comprising an
operation of inserting a conical flaring element (54)
inside said projecting end portion, and wherein the
shaping tool (53) is slidably received inside a seat (55)
which terminates with said conical fléring'elemenﬁ (54),
the shaping step comprising an operation for making said

shaping element slide inside said seat.
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8. Apparatus (50) for making a stator (1), the
.stator. comprising a stator core (2), the stator core
comprising a main body and a plurality of slots (8) that
are.axially extended in thé thickness of the.main body
and are adapted to receive bar conductors (5, 5", 5'') of
a stator winding, said slot (8) housing at least one
respective preshaped insulating sheet (10),

wherein the apparatus (50) comprises at least one
hot shaping tool (53) édapted to be at least pértially
insefﬁed' inside a respective slot (8) in order to be
subgequently_ removed therefrom so as to .allow :a
subsequent insertion therein of at least one respecﬁive
bar conductor (5, 5’, 577y,

9. Apparatus (50) according to claim 8, wherein thé
hot shaping tool (53) comprises at least one bar axially
insertable inside said slot.

10. Apparatus (50) according to claim 9, wherein_ the
slot (85 is intended to house several bar conductors of
the winding and wherein the shaping tool (53) includes a
.number of .bgrs equal to the number of ‘bar conductors
inténded to be housed inside the slot (8). |

11. Appératus (50) according_to claim.8, comprising’
a seat inside of which the shaping tool (53) is slidably
received ' in order to move forward and backWard with

respect to the stator core.
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12. Apparatus (50) according te.claim 10, combrising
at .least one conical flaring element (54) adapted to
flare an end portion (10’) of the insulating sheet (10)
projecting outside the stator cere ‘and wherein the

5 conical flaring element (54) comprises an end opening
that can be crossed by the shaping tool (33).
, 13. Stator (1) of an electric machine comprising:

- a bar stator winding comprising a plurality of bar

conductors (5, 5',.5"'); ‘
10 : - a stator core (2) having a plurality of slots (8),-
each housing at least one respective bar conductor . (5,
57, 5”)‘.ahd. at least one respective insulating sheet
(10), the stator core (2) Dbeing axially extended in
Height between a fi;et face (3) and a seeohd face (4)
15 oppesite each other;

characterized .in that:

- said height is greater than or equal to 100 mm;

- the fiLl factor of the squs (8), intended as the
ratio between'the cross section of a slot without the

20 insulating sheet (10) and the total  electrically
conductive section of the‘ at least one bar conductor
housed therein is greater than or equal to 80%.

14. Stator (1) according to claim 13, wherein said

height is greater than or equal to 150 mm.

25 15. Stator (1) according to claims 13 or 14, wherein
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the fill factof is greater than or equal to 85%.

. 16. Stator (1) according to any one of the claims 13
—'15,'wherein the bar conductor has a cross section with
a geometry having a minimum dimension. less than or equal
to 3.5 mm.

17. Stator (1) according to claim 16, wherein said

4

- minimum dimension is less than or equal to 3 mm.

18. Electric motor and/or generator comprising a
rotor, characterized in that it comﬁrises a stétbr (1)
according to any one of the claims 13 - 17. |

19. Electric or hybrid drive vehiéle comprising a

electric motor and/or generator according to claim 18.
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