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Abstract

Lamination Pack for Producing Stators and/or Rotors

of Electric Motors and Generators

The lamination pack serves for producing stators and/or rotors of electric motors
and generators. It comprises laminations, stacked and fixedly connected to each
other, between which electrically insulating layers are provided. The laminations
are connected to each other outside of the electrically insulating layers by an

electrically conducting connection.
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Lamination Pack for Producing Stators and/or Rotors

of Electric Motors and Generators

The invention concerns a lamination pack for producing stators and/or rotors of

electric motors and generators according to the preamble of claim 1.

| amination packs 1 are assembied of punched laminations 2 which are stacked
on each other and fixedly connected to each other (Figs. 1 and 2). The electrical
sheet steel used for producing the laminations is provided on at least one side
with an electrically insulating coating 3 that ensures that only minimal eddy
current losses are generated in future use In the electric motor or generator.
However, due to these electrically insulating layers an insulation test, for
example, between copper winding and lamination pack 1 is made difficult. The
insulating layers 3 in sum total can have a relatively high resistance value, for
example, of 1,000 Ohm. For an insulation test, it Is however expedient to reduce
the total resistance to significantly smaller values, for example, 10 Ohm. In order
for this minimal resistance of the lamination pack 1 to be achieved and to be
tested, the laminations 2 within the lamination pack 1 must be connected
electrically conductingly. For this purpose, the laminations 2 within the lamination
pack 1 are welded together so that neighboring laminations 2 within the

lamination pack 1 are electrically conductingly connected to each other. These
weld connections however destroy the electrically insulating layers 3 In the area
of the weld connection. This has the result that the eddy current losses increase

correspondingly.

The Invention has the object to configure the lamination pack of the
aforementioned kind for measuring purposes, prior or after winding with copper
wire, in such a way that the resistance test can be performed in a simple way
without obtaining a significant impairment of the eddy current losses In the

lamination pack.

-1 -
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This object 1s solved for the lamination pack of the aforementioned kind In
accordance with the invention with the characterizing features of claim 1.

In the lamination pack according to the invention, the laminations are electrically
contacted with each other by the electrically conducting connection outside of the
electrically insulating layers. Because this connection is realized outside of the
electrically insulating layers, these layers remain undamaged so that the desired
only very minimal eddy current losses are maintained. The electrically conducting
connection ensures that the resistance test of the lamination pack can be
performed in a simple way and with high precision. No screws or bolts that
penetrate the lamination pack are required for the electrically conducting

connection of the laminations within the lamination pack.

Advantageously, the electrically conducting connection I1s provided at a cut
surface of the lamination pack. The cut surfaces are formed by the rims of the
laser-cut or punched laminations which are free of the insulating layers.
Therefore, the electrically conducting connection can be applied very easily at
the cut surface of the lamination pack so that the laminations stacked on each
other within the lamination pack are connected to each other electrically

conductingly.

In a particularly simple embodiment, the electrically conducting connection
extends parallel to the axis of the lamination pack. This arrangement of the
electrically conducting connection enables with regard to process technology a
simple manufacture of the lamination pack with this connection. For the
Insulation test and/or resistance measurement, it is sufficient that the electrically

conducting connection Is very small relative to the circumferential length of the

lamination pack.

In an advantageous embodiment, the electrically conducting connection is
formed by an electrically conducting adhesive or varnish. It can be applied easily

on the lamination pack and is inexpensive.

_ 2
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However, an electrically conducting adhesive tape can be used also as an
electrically conducting connection. It is comprised, for example, of copper or
aluminum. Such an adhesive tape can also be attached to the lamination pack

as an inexpensive product in a simple and problem-free way.

The adhesive tape can also be coated with electrically conductive adhesive. The
electrically conductive adhesive can also be provided only partially, for example,

in longitudinal strips, on the adhesive tape.

It is moreover possible to fold the adhesive tape at one end In order to ensure a

very good contacting action.

The laminations can be annularly punched parts. In this case, the lamination
pack is comprised of such annular punched parts which are separated from each

other by the electrically insulating layers, respectively.

The laminations must not be formed as one piece but can also be formed of
punched individual teeth joined end to end. Such individual teeth have, for
example, a radially extending pole shaft as well as a pole shoe adjoined thereto.
By means of the end faces of the pole shoes, the individual teeth are assembled
to form the annular lamination. In such punched individual teeth, the punched
rims are also free of the electrically insulating layer so that these punched rims of
the individual teeth In the lamination pack have areas extending across the pack
height where the electrically conducting connection can be provided in a simple

way.

Within the lamination pack, the laminations can be fixedly connected to each
other with form fit by projections and recesses. Such projections and recesses
are formed In that local embossments are created on the laminations which

exhibit on one lamination side the projections and on the other lamination side

.3 -
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the corresponding recesses. When stacking the laminations, the laminations with
their projections engage the recesses of the respective neighboring laminations.

In this way, the laminations within the lamination pack can be fixedly connected

to each other.

In another advantageous embodiment, the laminations are fixedly connected to
each other by an adhesive. In this case, plastic deformations of the laminations
are not required. The adhesive 1s selected such that the laminations within the
lamination pack can be connected to each other with high strength. The
adhesive can be applied onto the respective laminations across the entire
surface area, across a partial surface area, in a linear shape, in a dot shape and
the like.

It 1s advantageous when In such a case the adhesive contains electrically
conducting particles. They penetrate locally minimally the insulation layers
between the neighboring laminations when the laminations are compressed to
lamination packs and produce the electrical connection of neighboring
laminations in this way. Since the particles have only a very minimal size, the
electrically insulating layer between the neighboring laminations is mostly
maintained so that, despite the particle penetration of these electrically insulating

layers, the lamination pack exhibits only minimal eddy current losses. The

electrically conducting particles ensure in this context that the stacked
laminations within the lamination pack are reliably connected to each other in an

electrically conducting way so that a resistance test can be easily performed.

The subject matter of the application results not only from the subject matter of
the individual claims but also from all the specifications and features disclosed in
the drawing and the description. Even if they are not subject matter of the claims,
they are claimed as important to the invention inasmuch as they are novel

individually or in combination relative to the prior art.

_4 -
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Further features of the invention result from the further claims, the description,

and the drawings.

The invention will be explained in more detail with the aid of two embodiments

llustrated in the drawings in more detall. It is shown In:

Fig. 1 a side view of a lamination pack according to the prior art;

Fig. 2 a plan view onto the lamination pack according to Fig. 1;

Figs. 3
and 4 in illustrations corresponding to Figs. 1 and 2 a first embodiment of a

lamination pack according to the invention;

Figs. 5
and 6 in illustrations corresponding to Figs. 1 and 2 a second embodiment of a

lamination pack according to the invention;

Fig. 7 In a plan view a third embodiment of a lamination pack according to

the invention assembled of individual teeth;

Fig. 8 in enlarged illustration and in section view two stacked laminations
of a lamination pack according to the invention that are connected

with form fit to each other;

Fig. 9 in schematic illustration a part of a lamination of the lamination
pack according to the invention that is provided with adhesive on

one side;

Fig. 10 in schematic illustration two stacked laminations that are electrically

conductingly connected to each other by an adhesive containing

.5 -
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electrically conducting particles.

The lamination pack 1 according to Figs. 3 and 4 I1s comprised of stacked
annular laminations 2 that are punched in a known way from a sheet metal strip.
The lamination packs 1 are used in rotors or stators of electric motors or
generators. The laminations 2 are schematically illustrated in Fig. 4 as rings. Of

course, they have the required shape for the respective application.

The laminations can also be assembled of individual teeth 7 (Fig. 7). Such
iIndiviqual teeth 7 have a radially extending pole shaft 8, supporting an excitation
coll, as well as an adjoining pole shoe 9 that is extending in a curved shape. The
Individual teeth 7 are assembied with their pole shoes 9 contacting each other to

form a ring. Fig. 7 shows only two such individual teeth 7.

The individual laminations 2 are connected fixedly to each other within the
lamination pack 1. This fixed connection can be achieved by form fit (Fig. 8). In
this case, the laminations 2 have projections 10 that are projecting past their
plane and are formed by appropriate partial deformation of the laminations 2
during the punching process. With these projections 10, the laminations engage
corresponding recesses 11 of the respectively neighboring lamination. The

projections 10 which are projecting past one lamination side and the recesses 11
which are correspondingly formed on the oppositely positioned lamination side

are arranged so as to be distributed about the circumference of the laminations
2.

Apart from this form fit connection, it is also possible to fixedly connect the
stacked laminations to each other, for example, at their outer wall surface 5 by
welding, for example, by laser welding or friction welding. Also, it is possible to
fixedly connect the laminations 2 to each other by an adhesive method. The
adhesive 12 can be applied to the laminations 2 across a partial surface area,

across the entire surface area, or only in the form of dots (Fig. 9). Fig. 9

-6 -
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illustrates only one of the laminations 2 provided on one side with the adhesive

12. When onto this lamination the next lamination is placed, the adhesive

provides for the fixed connection between the laminations.

It is finally also possible to fixedly connect the stacked laminations 2 to each

other by form fit as well as by means of an adhesive.

The individual laminations 2 are connected to each other such that the
electrically insulating layer 3 on the laminations 2 is not damaged, which would
be the case if the laminations were penetrated by screws or bolts in order to
fixedly connect the laminations to each other. Then the laminations 2 would have

to have through openings for the screws/bolts.

The electrical sheet steel from which the laminations are punched is covered on
both sides with the electrical insulation layer 3. In this way, it is achieved that the
stator or rotor which contains the lamination pack has only minimal eddy current

losses In use.

in order to be able to perform a resistance test reliably but still simply without
impairing the insulation layers 3 and thus the electrical insulation of the individual
laminations 2, it is provided in the embodiment according to Figs. 3 and 4 to
provide on the circumference of the lamination pack 1 at least one electrically
conducting connection 4 which extends across the height of the lamination pack
1. In the embodiment, this electrically conducting connection 4 is extending

axis-parallel but can also be positioned at a slant.

For the electrically conducting connection, for example, a corresponding
conductive tape can be used that is preferably comprised of copper or aluminum.
The tape is advantageously an adhesive tape. Such an adhesive tape can be
attached very easily to the outer wall surface 5 of the lamination pack 1 and, as

needed, can also be removed again. For the connection 4, a corresponding

_ 7 -

Lit. TRL of DE 10 2016 005 329.1 - First Named Inventor: Rudolf Rist - Assignee: Kienle + Spiess GmbH



10

15

20

25

30

CA 2965307 2017-04-26

electrically conductive plastic material or varnish can be employed also which

can be applied likewise very easily to the wall surface 5 across the height of the

lamination pack 1.

In the embodiment, the lamination pack 1 has on the outer wall surface 5 only a
single electrically conducting connection. The lamination pack 1 can however

have at least one additional such electrically conducting connection.

As a result of the punching process, there is no insulation layer on the wall
surface 5 of the lamination pack 1. it is only present on the top side and the
bottom side of the laminations 2. By means of the connection 4, the individual
laminations 2 within the lamination pack 1 are thus electrically conductingly
connected to each other. In this way, a resistance measurement of the
lamination pack 1 can be performed very simply but still precisely. The use of the
electrically conducting connection in the form of the adhesive or the adhesive
tape has the advantage that the microstructure of the individual laminations 2 is
not damaged by the connection 4 as would be the case, for example, by a

welding process.

After the resistance measurement, the electrically conducting connection 4 can
be removed. In this way, it is ensured that no eddy current losses are generated

by connections 4 that are remaining on the lamination pack 1.

It IS even possible to leave the electrically conducting connection 4 on the
lamination pack 1 because it affects the eddy current losses in the end product

only minimally. However, it is advantageous to remove the electrically conducting
connection 4 after the measuring process. This is possible without problems in
particular when an adhesive tape has been used for the connection 4. It can be

easlly pulled off after the measuring process.

When the lamination ring is assembled of individual teeth 7 (Fig. 7) which, in

_ 8 -
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turn, are comprised of corresponding stacked individual laminations, then the

resistance test can be performed on the individual tooth 7, comprised of the
jayered and fixedly connected laminations, as well as on the lamination pack

assembled of the individual teeth 7.

When using individual teeth 7, the individual laminations have the radially
extending pole shaft 8 as well as the pole shoe 9. These laminations are
punched in the known way from the electrical sheet steel that is provided with the
electrical insulation layer 3 on both sides. Due to the punching process, on the
rims of the tooth-shaped laminations no insulation layers are present. When the
laminations are layered and fixedly connected to each other to form the
individual tooth, these rims that are free of the insulation layer 3 form outer
surfaces of the individual tooth where the electrically conducting connection for
the resistance measurement 4 can be provided. When each individual tooth Is
tested, this connection 4 can in principle be applied to any outer side of the
individual tooth but not on the two exterior sides of the individual tooth that are
provided with the insulation layer 3. When the individual teeth are first joined to
the annular lamination pack 1, then the electrically conducting connection 4 Is
applied to the outer wall surface 5 of the lamination pack 1, as has been

explained with the aid of Figs. 3 and 4.

While in the embodiment according to Figs. 3 and 4 the electrnically conductive
adhesive or electrically conductive varnish or the electrically conducting tape is
used for the electrically conducting connection 4, in the embodiment according to
Figs. 5 and 6 the electrically conductive adhesive or varnish and the electrically

conductive tape 6 are used in combination.

This electrically conducting connection 4, 6 is applied in the same way to the
lamination pack 1 as in the preceding embodiment so that reference Is being had
to the explanations provided there. The adhesive tape 6 iIs arranged on the

adhesive/varnish 4.

9.
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In the two disclosed embodiments, the electrically conducting connection, which
relative to the circumferential length of the lamination pack is very small, is
located on the outer wall surface 5 of the lamination pack 1. The electrically
conducting connection 4, 6 can however also be applied to the inner wall surface
7 of the lamination pack 1. In a further embodiment (Fig. 10), the electrically
conducting connection is located between the laminations 2 within the lamination
pack 1. In this case, the laminations 2 are connected by an adhesive 12 to each
other that contains electrically conducting particles. This adhesive 12 Is designed
such that, upon compression of the laminations 2 for producing the lamination
pack 1, the electrically conducting particles penetrate the insulation layers 3 on
the laminations 2. In this way, by means of the electrically conducting particles

an electrically conducting connection of the laminations 2 with each other within

the lamination pack 1 Is achieved.

Since the electrically conducting connection within the lamination pack 1 Is
located between neighboring laminations 2, it cannot be removed after
resistance measurement. This leads to somewhat higher eady current losses
which however are minimal so that they are not important in practical use. The
adhesive 12 containing the electrically conducting particles must not be provided
about the entire circumference of the laminations 2. It is sufficient that it Is
provided only locally on the laminations 2. It must be applied only in such a way
that a reliable resistance measurement can be performed. In this way, it is
advantageously possible to keep as minimal as possible the eddy current losses

due to the electrically conducting adhesive 12 remaining in the lamination pack
1.

The electrically conducting adhesive 12 can be used not only for the annular

laminations 2 but also for the laminations from which the individual teeth 7 are

formed.

- 10 -
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Claims

Lamination pack for producing stators and/or rotors of electric motors and
generators, comprising laminations, stacked on each other and fixedly
connected to each other, between which electrically insulating layers are

provided,

characterized in that the laminations (2) are connected to each other
outside of the electrically insulating layers (3) by an electrically conducting

connection (4, 6).

Lamination pack according to claim 1,
characterized in that the electrically conducting connection (4, 6) is

provided at a cut surface (5, 7) of the lamination pack (1).

Lamination pack according to claim 1 or 2,
characterized in that the electrically conducting connection (4, 6) is

extending parallel to the axis of the lamination pack (1).

Lamination pack according to one of the claims 1 to 3,
characterized In that the electrically conducting connection (4) is formed

by an electrically conductive adhesive or varnish.

Lamination pack according to one of the claims 1 to 3,
characterized in that the electrically conductive connection (6) is an

electrically conducting adhesive tape.

Lamination pack according to claim 5,
characterized in that the adhesive tape (6) at least partially is coated with

an electrically conductive adhesive (4).

Lamination pack according to one of the claims 1 to 6,

_ 11 -
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characterized in that the laminations (2) are annularly punched parts.

Lamination pack according to one of the claims 1 to 6,

characterized In that the laminations (2) are formed of punched individual

teeth (7) joined end to end.

Lamination pack according to one of the claims 1 to 8,
characterized in that the laminations (2) comprise projections (10) that are
projecting past one lamination side and that form corresponding recesses

(11) on the other lamination side.

Lamination pack according to one of the claims 1 to 9,
characterized in that the laminations (2) in the lamination pack (1) are

connected to each other by an adhesive (12).

LLamination pack according to claim 10,

characterized in that the adhesive (12) comprises electrically conducting
particles which penetrate in the lamination pack (1) the electrically
insulating layer (3) and electrically conductingly connect neighboring

laminations (2) with each other In this way.

_ 12 -
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