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(57) Abstract: The invention relates to a coil module for an electric machine, having a first coil disc with: a first coil support made of 
an electrically insulating material; at least one winding which is integrated into the first coil support and which is made of an electrically 
conductive material; and a first ceramic border. The coil module additionally has a second coil disc with: a second coil support made 
of an electrically insulating material; at least one winding which is integrated into the second coil support and which is made of an 
electrically conductive material; and a second ceramic border. The first coil disc and the second coil disc are designed and attached to 
each other such that a substantially annular cooling channel for a coolant is formed between the first coil disc and the second coil disc.  
The first ceramic border and the second ceramic border each at least partly forms an inner wall of the substantially annular cooling 
channel.  

(57) Zusammenfassung: Die Erfindung betrifft ein Spulenmodul fr eine elektrische Maschine, das eine erste Spulenscheibe mit ei
C nem ersten Spulentrager aus einem elektrisch isolierenden Werkstoff, mindestens einer im ersten Spulentrager eingebetteten Wicklung 
Q aus einem elektrisch leitenden Werkstoff und einer ersten keramischen Abgrenzung aufweist. Weiterhin weist das Spulemnodul eine 
C zweite Spulenscheibe mit einem zweiten Spulentrager aus einem elektrisch isolierenden Werkstoff, mindestens einer im zweiten Spu
" lentrager eingebetteten Wicklung aus einem elektrisch leitenden Werkstoff und einer zweiten keramischen Abgrenzung auf. Die erste 

C Spulenscheibe und die zweite Spulenscheibe sind derart ausgebildet und aneinander angebracht, dass zwischen der ersten Spulenschei-
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be und der zweiten Spulenscheibe ein im Wesentlichen ringfrmiger Khilkanal fr ein Kihilmittel gebildet wird. Die erste keramische 
Abgrenzung und die zweite keramische Abgrenzung jeweils zumindest teilweise eine Innenwand des im Wesentlichen ringfrmigen 
Kihilkanals bilden.



Coil module for electric machine 

The present invention relates to a coil module for an electric machine, an electric machine, a 

vehicle and/or a machine tool.  

Electrical machines of various designs are known from the prior art. Document DE 10 2017 204 

072 Al describes a type of winding in meander form for an electric motor in which a high den

sity of electrically conductive material is ensured in the area of a magnetic field generated by 

permanent magnets. However, the flat wire used is a disadvantage of such setups due to its 

electromagnetic characteristics, which lead to inefficiency. In addition, a multiphase design is 

difficult.  

For this reason, the problem underlying the present invention is to propose a coil module for an 

electrical machine with which these disadvantages can be overcome and a compact design with 

reduced space requirements can be realized. A further problem underlying the invention is to 

provide a reliable, effective, space- and/or weight-saving cooling of the electrical machine 

and/or to increase the service life of the electrical machine.  

In the context of the invention, an electrical machine is understood to refer to a device that 

converts electrical energy into mechanical work or vice versa. In particular, the term "electric 

machine" may be understood to mean an electric power machine or an electromotor or an 

electric motor or an electrogenerator or an electric generator.  

One, more or all of these problems are solved according to the invention by a coil module, an 

electrical machine and/or a vehicle or machine tool as described in the following.  

A coil module for an electrical machine comprises at least one coil discs. Each coil disc in turn 

comprises a coil carrier made of an electrically insulating material and a plurality of individual 

windings made of an electrically conductive material, typically in wire form. The windings are 

embedded, for example molded, in the coil carrier. The windings are arranged circumferentially 

around a center of the at least one coil disc on the at least one coil disc. Each of the windings 

has two active regions extending radially from the center and two passive regions extending 

tangentially at its radially outer and inner edges. In plan view of the at least one coil disc, the 

active regions of different windings do not overlap each other, but each passive region of one 

of the windings partially overlaps the corresponding passive regions of the two immediately ad

jacent windings, respectively. In cross-section, a thickness of the respective winding in axial di

rection is greater in the active regions than in the passive regions of the respective winding.  

Although this document refers to a plurality of individual windings, several individual electrical 

windings, e.g., individual windings of the same phase, can be interconnected.
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The active regions may be understood to be the regions of the windings that are suitable to 

contribute to the torque of the electric machine and/or are located in the magnetic field of at 

least one adjacent magnet module of the electric machine. Accordingly, the passive regions of 

the windings are not suitable to contribute to the torque of the electric machine and/or are not 

located in the magnetic field of an adjacent magnet module of the electric machine.  

In the context of the present specification, the term "thickness of the respective winding in the 

axial direction" or "thickness in the axial direction" of the winding is to be understood as the 

thickness of the winding measured in the axial direction. Similarly, the term "width in the tan

gential or radial direction" of the winding is to be understood as the width of the winding meas

ured in the tangential or radial direction. That is, "in the axial direction", "in the tangential di

rection" and "in the radial direction" and comparable specifications indicate the direction along 

which the respective value (e.g., thickness, width) is measured.  

Due to the partial overlap in the passive regions, an amount of electrically conductive material, 

preferably copper, in the passive regions is typically twice that in the active regions. In order to 

prevent thickening of the coil disc and a coil module formed of at least one coil disc in the axial 

direction, the thickness in the axial direction in cross-section is greater in the active regions 

than in the passive regions, so that a compact structure is ensured. In this context, an electri

cally insulating material is to be understood to be a material with an electrical conductivity of 

less than 10-8 S/m at a temperature of 25 °C. In this context, an electrically conductive material 

is to be understood to be any material whose electrical conductivity is greater than 106 S/m at a 

temperature of 25 °C. In the present specification, in accordance with common conventions, 

the radial direction is understood to be the direction from the center in a straight line to the 

edge, and the tangential direction is understood to be a direction at right angles to the radial 

direction. In the context of the present specification, the passive regions can be understood as 

those regions of the windings which do not extend radially and which connect the two active 

regions of the respective individual winding. However, the passive regions do not have to ex

tend exactly tangentially. For example, the passive regions can also preferably have short radi

ally extending regions which are adjacent to the active regions and in which, for example, a 

cross-section change takes place. Due to the fact that the cross-section of the circumferentially 

arranged windings between active regions and passive regions changes, an axial distance of the 

air gap between magnetic disks can be varied, thus allowing an increase in the relative copper 

filling ratio. In addition, the reduced thickness in the passive regions makes it easier to accom

modate a three-phase arrangement of windings. In the context of the present specification, a 

top view is to be understood as a view along a normal vector of the at least one coil disc, while 

a side view is correspondingly understood as a position angled 90° with respect to the top view.
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Here, the normal vector is to be understood as starting from the area in which length and width 

of the at least one coil disc are greater than a thickness of the at least one coil disc. In the elec

tric machine, the normal vector is thus parallel to the axis of rotation. The windings, also re

ferred to as coils, are preferably in the form of coreless or iron-core-less windings. In the con

text of the present specification, the term "coil carrier" is to be understood in particular as a 

carrier for windings or coils, which typically connects the windings mechanically and preferably 

consists of an epoxy resin or other temperature-resistant plastic. In the context of the present 

specification, the term "coil disc" is to be understood as a corresponding ring fixed by the coil 

carrier with the coils or windings, while the term "coil module" is to designate a complete built

in unit with at least one coil disc, but typically two or more coil discs.  

For example, the plurality of individual windings may be molded into the material of the coil 

carrier, preferably epoxy resin, to form the coil disc.  

A ratio of the thickness of the respective winding in the passive regions to the thickness in the 

active regions may be less than 1. Preferably, the ratio is greater than or equal to 0.3 and less 

than 1. For outer passive regions, it is particularly preferable that the ratio is exactly 0.5 in or

der to take advantage of the larger installation space and to produce a uniform relative thick

ness with the active region equal to 1 when considering the coil disc.  

Typically, a transition from an active region to a passive region changes the shape of the cross

sectional area of the respective winding. Preferably, an area of the cross-sectional region re

mains the same and a fill factor becomes maximum, which can be done, for example, by press

ing, but the changed shape allows more material to be flown through by the magnetic field 

lines, making the drive more efficient. The changed shape means that the installation space 

available for the electrically conductive material can be used in the electrical machine while the 

magnet spacing remains the same, thus increasing performance and efficiency accordingly.  

It may be provided that all active regions of different windings, typically all windings, are ar

ranged in and/or intersect a single plane in side view.  

This plane may be orthogonal to the axial direction of the coil disc or the electric machine. Fur

thermore, it should be taken into account that the active regions, e.g., in the fanned-out em

bodiment, may have a varying thickness, so that their upper and/or lower sides may not have 

to be parallel to the plane. Preferably, the active regions are configured to intersect the plane.  

This may exclude a single or may exclude a few active regions in which, for example, the web 

described herein is configured.
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That is, the active regions of the various windings may all be located at the same height in side 

view in the direction along the normal vector of the coil disc so that, for example, no active area 

protrudes with respect to the other active regions. This may exclude a single active region or 

may exclude a few active regions in which, for example, the web described herein is configured.  

By arranging them in a single plane, it is achieved that all active regions are equally located in 

the magnetic field of a magnet module. Alternatively, it is preferred that almost all, preferably 

all but one, of the active regions of the various windings are all arranged at the same height in 

side view in the direction along the normal vector of the coil disc, so that, for example, only a 

small number, preferably one, active region protrudes with respect to the other active regions.  

For example, the web described herein may be arranged in this region.  

Preferably, the thickness in the axial direction of the active regions of the respective windings 

decreases in the radial outward direction. Furthermore, the width in the tangential direction of 

the active regions of the respective windings increases in the radial outward direction.  

In other words, the active regions are fanned outwards.  

This fanning out of the active areas makes it possible to use more conductive material in the re

spective windings with the same thickness in the axial direction of the coil disc. This in turn 

leads to a more powerful electric machine and/or higher degree of efficiency of the electric ma

chine.  

However, the fanning out has not to be present throughout the active regions of the windings.  

For example, the active regions adjacent to the passive regions may have respective transitions 

that are excluded from this fanning out.  

Preferably, the cross-sectional area of the active regions remains constant along the radial di

rection.  

Typically, the windings are formed from a fine strand of several wires electrically insulated from 

one another, the wires electrically insulated from one another having a wire diameter less than 

or equal to 0.1 mm. By providing several strands with an electrically insulating coating, both 

sufficient flexibility of the winding formed from the wire can be ensured during production and 

a sufficiently high electrical conductivity can be achieved.  

A number of windings preferably corresponds to an integer multiple of 3, so that the windings 

enable three-phase operation. Thus, a total of three strings of different phases are formed from
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the windings. In a particularly preferred manner, all active regions of the windings of all phases 

are located in a single plane when viewed from the side, while the passive regions of the differ

ent phases are distributed over two planes. Typically, the passive regions of two phases are 

each in one plane and the passive regions of the third phase undergo an additional plane 

change. The two planes are typically different from each other or offset, but parallel to each 

other.  

It can be provided that all windings are of identical design, i.e., in particular have identical di

mensions and shapes. Alternatively, it can also be provided to use at least one winding that dif

fers in shape or thickness from the other windings.  

The coil disc may be configured such that an inner passive region and an outer passive region of 

one of the windings differ in thickness in the axial direction. In this case, the inner passive re

gion is arranged at a smaller distance from the center of the coil disc and the coil module than 

the outer passive region. Typically, the thickness of the outer passive region of one of the wind

ings is selected so that the ratio of the thickness of this region to the thickness of the active re

gions is less than or equal to 0.5. For the inner passive region, it can be provided that the ratio 

of the thickness of said inner passive region to the thickness of the active regions is less than 1.  

In this way, the cooling surface can be further extended from the active regions to the outer 

passive regions.  

The invention further relates to an electrical machine having a bearing arrangement and a shaft 

guided in the bearing arrangement, wherein at least one magnet module comprising a plurality 

of permanent magnets and at least one coil module disclosed within the scope of the present 

specification are concentrically arranged along the shaft.  

The electrical machine such as an electromotor or electric motor or electrogenerator or electric 

generator has a bearing arrangement and a shaft guided in the bearing arrangement. At least 

one magnet module with a plurality of permanent magnets and at least one coil module having 

the previously described properties are arranged concentrically along the shaft, wherein the 

magnet module is attached to the shaft and the coil module is connected to a housing. Due to 

the high packing density of the windings, a particularly advantageous efficiency and power den

sity is achieved during operation of the electric machine.  

The at least one coil module can be covered with a foil made of an electrically insulating mate

rial at least on its side facing the magnet module in order to prevent liquid from passing 

through and to allow cooling channels to be formed. Instead of an adhesive connection, the foil
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can also be applied by another connection such as a welded connection as a substance-to-sub

stance connection or a force-fit connection, for example by a screwed-on ring.  

In order to efficiently cool the electrical machine and, in particular, the active regions, the at 

least one coil module can have at least two interconnected coil discs and a cooling channel 

formed by a cavity between the two coil discs. Alternatively or additionally, the cooling channel 

may also be formed and bounded by the coil disc or coil module and the foil.  

The invention further relates to a vehicle or a machine tool or a tool having an electric machine 

disclosed within the scope of the present specification.  

One or more or all the problems underlying the present invention are solved by the invention 

of the coil module, the electric machine and/or the vehicle and/or the machine tool disclosed in 

the following.  

Since the coil module described below includes several features that are also disclosed in con

nection with the coil module described above, technical effects, advantages and explanations 

described above also apply to corresponding features described below. In particular, it should 

be noted that the coil module described below may preferably comprise any of the features de

scribed above in connection with the coil module.  

The coil module comprises a first coil disc with at least one winding made of an electrically con

ductive material and a second coil disc with at least one winding made of an electrically conduc

tive material. The first coil disc and/or the second coil disc comprises/comprise a substantially 

annular recess.The first coil disc and the second coil disc are further attached to each other 

such that a substantially annular cooling channel for a coolant is formed between the first coil 

disc and the second coil disc by the annular recesses/recess.  

The coil module, the first coil disc, the second coil disc, and the windings of the first and second 

coil discs may be configured as disclosed above.  

A substantially annular recess may be understood to mean a recess extending around substan

tially the entire circumference of the coil disc. The term "substantially" means that the recess 

includes, for example, one (or more) webs described in more detail below that interrupt(s) the 

substantially annular recess. The substantially annular recess may extend around a center of 

the coil disc and may not be at the center of the coil disc. The center of the coil disc is under

stood to be the point on the coil disc through which the axis of rotation of the shaft or electric 

machine passes.
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The radially outer and/or the radially inner edge of the substantially annular recess may be cir

cular in plan view (i.e., a view orthogonal to the longitudinal and width directions) of the coil 

disc. In this case, the radially outer and radially inner edges of the recess each denote the tran

sition from the substantially planar surface of the coil disc to the substantially annular recess.  

However, the shape from the outer and/or inner edge may also deviate from an exact circular 

shape. For example, the outer and/or inner edge may have a wavy shape. Furthermore, the 

outer and/or inner edge may also have a polygonal shape.  

The recess may have a rectangular cross-section with two opposing lateral surfaces and a bot

tom surface. Alternatively, the recess may have a trapezoidal cross-section in which the dis

tance between the opposing lateral surfaces decreases toward the bottom surface. Further

more, the recess may also have a circular arc-shaped or curved cross-section.  

In other words, the annular recess may be understood to be a substantially annular depression 

in the coil disc. The coil disc may have a smaller thickness in the region of the substantially an

nular recess than in regions outside the annular recess.  

The coil disc is preferably manufactured by casting the at least one winding into the electrically 

insulating material, e.g., epoxy resin. For this purpose, the windings can be placed in a mold, 

which is then filled with the electrically insulating material. Subsequently, the substantially an

nular recess can be produced in a pressing process. For example, by means of a substantially 

annular mold or a punch.  

The mold in which the at least one winding is inserted may have projections which keep the 

gaps between the active regions of the windings free, so that the coil disc has air gaps between 

the active regions in a substantially annular region in which the active regions of the windings 

are located. The coil disc with these gaps may be particularly suitable for air cooling of the elec

tric machine, although another form of cooling, for example by means of a coolant (e.g., water

glycol mixture), is also preferred.  

In the case of the fanned-out active regions described herein, these projections can preferably 

be dispensed within the mold so that the distances between the active regions can be very 

small and no gap remains between the active regions after molding.  

However, the essentially annular recess can also be produced by other processes. For example, 

the mold itself, into which the electrically insulating material is embedded, can define the re

cess so that no subsequent pressing process is required. The substantially annular recess can
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further be produced, for example, by milling.  

Such a substantially annular recess may be provided in one of the first and/or second coil discs.  

Preferably, a substantially annular recess is provided in each of the first and second coil discs.  

As already mentioned, in the context of the present specification, a disk is to be understood as 

a body whose length and width or diameter are or is significantly larger than its thickness, e.g., 

by a factor of 10. The sides of the disk are to be understood as those sides of the body which 

are parallel to the plane spanned by the length and width, i.e., orthogonal to the axial direction 

of the electrical machine. The substantially annular recess is provided in one of the sides of the 

coil disc. However, the coil disc may also have a substantially annular recess on each of the two 

sides.  

The first and second coil discs may be attached to each other such that one of the two sides of 

the first coil disc abuts one of the two sides of the second coil disc, not excluding that a sealing 

layer is disposed therebetween. For example, the first coil disc and the second coil disc may be 

bonded together, and the adhesive may simultaneously seal, for example, the cooling channel 

from the environment.  

In the following, the sides of the first and second coil discs that abut the other coil disc are each 

called the inner side. Correspondingly, the sides of the first and second coil discs that face out

wards and do not abut the other coil disc are called outer sides. It may therefore be understood 

that the substantially annular recess is provided on the inner side of the first coil disc and/or 

the inner side of the second coil disc.  

If the first and second coil discs each comprise a recess, the recesses of the first and second coil 

discs preferably have identical shapes and are preferably arranged so that they are exactly op

posite and/or overlap each other. However, it is also possible that the recess of the first coil 

disc has a different shape than the recess of the second coil disc and/or that they are offset 

from each other when the coil module is assembled.  

By the substantially annular cooling channel may be meant a space bounded by the first and 

second coil discs, which is bounded on the one hand by the wall of the recess in the first or sec

ond coil disc and on the other hand by the inner side of the second coil disc. Preferably, the 

substantially annular cooling channel is bounded by two recesses provided in the first coil disc 

and the second coil disc. However, the substantially annular cooling channel has not to be com

pletely confined. That is, the substantially annular cooling channel may, for example, include an
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inlet opening and/or an outlet opening by means of which coolant may enter and/or be dis

charged from the cooling channel.  

This cooling channel offers the advantage that a coolant can be brought very close to the wind

ings, so that the electrical machine can be cooled very effectively. At the same time, this cooling 

structure does not require any additional components to conduct the coolant, so this cooling 

structure saves space and weight. In addition, this cooling structure is also very robust and not 

prone to failure.  

The coolant is preferably a water-based coolant, more preferably a water-glycol mixture. How

ever, transformer oil can also be used as a coolant. However, the coil module described herein 

can also be air-cooled.  

Preferably, the first coil disc and/or the second coil disc comprises/comprise an inlet opening in 

the area of the recess in order to guide coolant into the substantially annular cooling channel.  

Alternatively or additionally, the first coil disc and/or the second coil disc comprises/comprise 

an outlet opening in the area of the recess to direct coolant from the substantially annular cool

ing channel to the outside.  

For example, the inlet opening and/or outlet opening may be provided in the radially outer side 

surface of the recess. Preferably, the inlet opening is provided in the side surface of the recess 

of the first coil disc and the outlet opening is provided in the side surface of the second recess, 

or vice versa. An inlet channel may extend from the inlet opening in the first coil disc, and an 

outlet channel may extend from the outlet opening in the second coil disc. The inlet channel 

and the outlet channel may each extend radially outwards from the inlet and outlet openings, 

respectively. The inlet channel may be configured as a recess in the first coil disc, and the outlet 

channel may be configured as a recess in the second coil disc. At the end of the inlet channel 

opposite the inlet opening, an inlet hole and/or an inlet through hole may be provided in the 

first and second coil discs to direct the coolant into the inlet channel. At the end of the outlet 

channel opposite the outlet opening, an outlet hole and/or an outlet through-hole may be pro

vided in the first and second coil discs to direct the coolant out of the outlet channel.  

The inlet channel and/or the outlet channel preferably extend in an outer passive region of a 

winding which does not cover or only partially covers the outer passive regions of the immedi

ately adjacent windings. In this way, the inlet and/or outlet channel is arranged in a region 

where the thickness of the windings is as small as possible. This allows a space-saving arrange

ment.
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Alternatively, the inlet and outlet openings and the inlet and outlet channels may be provided 

in only one of the two coil discs or in both coil discs.  

If the electrical machine comprises multiple coil modules connected to each other via a coil 

spacer, the coil spacer may also comprise inlet and outlet holes. In the assembled state, the in

let holes of the various coil modules and the coil spacers disposed therebetween overlap. Simi

larly, when assembled, the outlet holes of the various coil modules and the coil spacers dis

posed therebetween overlap. In other words, all of the inlet and outlet holes may be aligned on 

the same line.  

For example, in the coil disc or coil spacer located at one end of the electric machine, as seen in 

the axial direction, the inlet and outlet holes can be omitted. In the coil disc or coil spacer lo

cated at the other end of the electrical machine, the coolant can be fed into the individual coil 

modules through the inlet and outlet holes. In this way, the different coil modules can be con

nected in parallel with respect to coolant flow.  

A first connecting line between the inlet opening and the center of the coil disc and a second 

connecting line between the outlet opening and the center of the coil disc may, in a plan view 

of the coil disc, enclose an angle that is preferably smaller than 30°, more preferably smaller 

than 20, even more preferably smaller than 10. In particular, it is preferred to arrange the 

openings as close to each other as possible so that the corresponding angle is as small as possi

ble. In this way, it can be ensured that the coolant flows as completely as possible around the 

center of the coil disc to ensure cooling of all windings.  

Preferably, the first coil disc and/or the second coil disc comprises a web in the recess between 

the inlet opening and the outlet opening configured in such a way that the substantially annular 

cooling channel between the inlet opening and the outlet opening has a partition. It should be 

understood that the web is arranged between the shortest connection of the inlet opening and 

the outlet opening in the recess to force the coolant to flow around almost the entire circum

ference ofthe coil disc.  

The web can be understood to be an interruption in the recess. In other words, the web may be 

understood to extend from the radially inner edge of the recess to the radially outer edge of 

the recess. For example, the web may extend radially from the inner edge of the recess to the 

outer edge of the recess. Alternatively, the web may form an angle to the radial direction. In 

this case, the web may have an upper surface that lies above the bottom surface of the recess, 

preferably in the same plane as the rest of the inner side of the coil disc. In this case, the web is 

preferably configured to be as narrow as possible so that it still provides an effective blockage
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for the coolant.  

Preferably, the first connecting line between the inlet opening and the center of the coil disc 

and the second connecting line between the outlet opening and the center of the coil disc also 

enclose an angle smaller than 30°. Due to the web between the inlet and outlet opening, the 

coolant cannot take the "short path" between the inlet and outlet openings and is forced to 

flow around the remaining, much larger arc section of the cooling channel.  

Said web forms a barrier for the coolant in the cooling channel. Thus, the web ensures that the 

coolant flows through all relevant regions of the first and second coil discs and thus cools all rel

evant regions of the first and second coil discs.  

Preferably, the first and second coil discs each comprise a recess and a web. In the assembled 

state of the coil module, the web of the first coil disc and the web of the second coil disc lie on 

top of each other, and it is not excluded that an adhesive and/or sealing layer is arranged there

between, wherein the adhesive can at the same time represent the seal.  

Preferably, the first coil disc and the second coil disc each comprise: at least one coil carrier 

made of an electrically insulating material and a plurality of individual windings made of an 

electrically conductive material, which are arranged circumferentially around a center of the at 

least one coil disc on the at least one coil disc. Each of the windings comprises two active re

gions extending radially from the center and two passive regions extending tangentially at its 

radially outer and inner edges. Further, in plan view of the coil disc, the active regions of differ

ent windings do not overlap each other, but each passive region of one of the windings partially 

overlaps the corresponding passive regions of the two immediately adjacent windings, respec

tively. Furthermore, the respective windings in the active regions have a greater thickness in 

cross-section in the axial direction than in the passive regions.  

Further technical effects, advantages and/or explanations of these features are already dis

closed elsewhere in the present specification and also apply to the features described herein.  

Preferably, the recesses/recess are/is arranged at least in the region of the radially extending 

active regions, and preferably also in the region of the radially outer passive regions.  

Since the passive regions of one of the windings partially overlap the corresponding passive re

gions of the immediately adjacent windings and the active regions of the different windings do 

not overlap each other, space for the recess can be provided in the active regions of the first 

and/or second coil disc. As this space is used for cooling, the provision of the cooling channel
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by means of the recess/recesses does not lead to increased space consumption. At the same 

time, this type of winding as described above offers the advantage that much conductive mate

rial can be used in a small space.  

However, the recesses/recess can also be provided at least partially in the passive regions, pref

erably in the radially outer passive regions. For example, the radially outer passive regions may 

have a larger width in the radial direction than the radially inner passive regions, so that it is 

possible to form the radially outer passive regions with a smaller thickness in the axial direction.  

It is also possible that not all of the passive regions of the different windings cover the passive 

regions of the immediately adjacent windings. Thus, it is for example possible to provide space 

for the recess also in the in the passive regions.  

Preferably, the thickness in the axial direction of the active regions of the respective winding of 

the first and/or second coil disc decreases in the radial outward direction. Furthermore, the 

width in tangential direction of the active regions of the respective winding of the first and/or 

second coil disc increases in radial outward direction.  

This structure is also called "fanning out" of the active regions.  

Here, the thickness in the axial direction does not have to decrease outwards along the entire 

length of the active regions, and the width in the tangential direction does not have to increase 

outwards along the entire length of the active regions. Preferably, however, the active regions 

are fanned out along at least 70%, preferably at least 90%, of their length.  

Further technical effects, advantages and/or explanations of these features are already dis

closed elsewhere in the present specification and also apply to the features described herein.  

Another advantage of the fanning-out is that the distance or gap between an active region of a 

winding and the active regions of the immediately adjacent windings can be reduced.  

A resulting advantage is that when the recess is located in the active areas of the winding or 

windings, the bottom surface of the recess is sealed by the coil disc itself. This means that there 

is no gap between the active regions of the winding or windings that would require additional 

sealing. The coil disc is thus not only self-supporting but also self-sealing.  

In this way, for example, the foil described above can be dispensed with, so that the coil mod

ule as a whole has a smaller thickness in the axial direction. In this way, the magnet module in 

the electrical machine can be brought closer to the winding or windings, which in turn increases
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the performance and/or efficiency of the electrical machine.  

Furthermore, this implies that fewer process steps are required to manufacture the coil disc, 

coil modules and/or the electrical machine. Furthermore, the tools for forming the coil disc can 

also be simplified, since no gaps need to be kept free between the active regions of the wind

ings. On the whole, in this way, the manufacturing costs for the electrical machine can be re

duced.  

Preferably, the distance between an active region of a winding and the active regions of the im

mediately adjacent windings is a few micrometers.  

Preferably, a depth in the axial direction of the recess increases outwards in the radial direc

tion.  

The depth in the axial direction of the recess is to be understood as the depth of the recess 

measured in the axial direction, e.g., the difference between the lowest point (e.g., the bottom 

surface) of the recess and a plane defined by the inner side of the coil disc.  

The feature that the depth in the axial direction of the recess increases radially outwards can be 

understood to mean that an inner radial substantially annular area of the recess has a smaller 

depth than a substantially annular region of the recess lying further outwards with respect 

thereto.  

The depth can increase continuously (i.e., steadily) or stepwise (i.e., discontinuously) from the 

inside to the outside. The depth can also increase linearly or non-linearly from the inside to the 

outside.  

This geometry of the recess is also called "V-Cooling" geometry.  

Preferably, a ratio of the thickness of the respective winding in the passive regions to the thick

ness in the active regions is less than 1.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, the ratio of the thickness of the respective winding in the passive regions to the 

thickness in the active regions is greater than or equal to 0.3 and less than 1.
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Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, the summed thickness in the axial direction of two immediately adjacent windings 

in the region of overlapping passive regions is greater than the thickness in the axial direction of 

each of the two immediately adjacent windings in the active regions. For example, the summed 

thickness in the axial direction of two immediately adjacent windings in the region of overlap

ping inner passive regions and in the region of overlapping outer passive regions is greater than 

the thickness in the axial direction of each of the two immediately adjacent windings in the ac

tive regions. Alternatively, the summed thickness in the axial direction of two immediately adja

cent windings in the region of the overlapping inner passive regions may be greater than the 

thickness in the axial direction of each of the two immediately adjacent windings in the active 

regions. Additionally, the summed thickness in the axial direction of two immediately adjacent 

windings in the region of overlapping outer passive regions may be less than the thickness in 

the axial direction of each of the two immediately adjacent windings in the active regions.  

Due to the fluent transitions of the thicknesses, individual short areas of the windings may have 

other thicknesses that differ from the above thicknesses.  

This may apply to all or substantially all of the immediately adjacent windings. That is, one ac

tive region or a few active regions may be located in the region of the web described herein 

and thus have a greater thickness than the other active regions.  

The summed thickness in the axial direction of two immediately adjacent windings in the area 

of the overlapping passive regions is to be understood as the sum of the respective thickness in 

the axial direction of the respective passive regions of the respective windings, the thickness of 

the respective passive regions being measured in an area in which the passive regions of the 

immediately adjacent windings overlap.  

This can apply to the radially inner and radially outer passive regions. Alternatively, in the radi

ally inner passive regions only, the summed thickness in the axial direction of the two immedi

ately adjacent windings may be greater than the thickness in the axial direction of each of the 

two immediately adjacent windings in the active regions.  

In this way, the active regions and, optionally, the outer passive regions preferably occupy less 

space overall in the axial direction than the passive regions. As a result, the coil discs have 

space for the recess in the area of the active regions and, optionally, the outer passive regions.
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Preferably, a ratio of the summed thickness in the axial direction of two immediately adjacent 

windings in the overlapping passive region to the maximum thickness in the axial direction of 

each of the two immediately adjacent windings in the active regions is greater than 1.  

This may apply to all immediately adjacent windings.  

Preferably, the shape of the cross-sectional area of the respective winding changes at a transi

tion from an active region to a passive region.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, all active regions of different windings are arranged in a single plane in side view.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably the windings are formed from a fine strand of several wires electrically insulated 

from each other and comprising a wire diameter less than or equal to 0.1 mm.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, a number of the windings corresponds to an integer multiple of 3, so that the wind

ings enable three-phase operation.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, an inner passive region and an outer passive region of one of the windings differ in 

thickness in the axial direction.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, the thickness of the outer passive region of one of the windings is selected so that a 

ratio of the thickness of this region to the thickness of the active regions is less than or equal to 

0.5.
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Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

The invention further relates to an electrical machine having a bearing arrangement and a shaft 

guided in the bearing arrangement, wherein at least one magnet module comprising a plurality 

of permanent magnets and at least one coil module disclosed within the scope of the present 

specification are concentrically arranged along the shaft.  

Preferably, the electric machine has at least one coil module, preferably at least one coil mod

ule and a maximum of six coil modules, particularly preferably at least one coil module and a 

maximum of three coil modules. The electrical machine preferably has one more magnet mod

ule than coil modules.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

The invention further relates to a vehicle or machine tool comprising an electric machine as dis

closed in the present specification.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

One, more or all of the problems underlying the invention are solved by the invention by the 

coil module disclosed below, the electric machine disclosed below and/or the vehicle or ma

chine tool disclosed below.  

Since the coil module described below includes several features that are also disclosed in con

nection with the coil module described above, technical effects, advantages and explanations 

described above also apply to corresponding features described below. In particular, it should 

be noted that the coil module described below may preferably comprise any of the features de

scribed above in connection with the coil module.  

The coil module for an electrical machine according to the invention comprises a first coil disc 

with a first coil carrier made of an electrically insulating material, at least one winding made of 

an electrically conductive material embedded in the first coil carrier, and a first ceramic delimi

tation. Further, the coil module comprises a second coil disc with a second coil carrier made of 

an electrically insulating material, at least one winding embedded in the second coil carrier
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made of an electrically conductive material, and a second ceramic delimitation. The first coil 

disc and the second coil disc are configured and attached to each other such that a substantially 

annular cooling channel for a coolant is formed between the first coil disc and the second coil 

disc. The first ceramic delimitation and the second ceramic delimitation each at least partially 

form an inner wall of the substantially annular cooling channel. The cooling channel preferably 

has an axial extent of between 1mm and 2 mm.  

The coil module, the first coil disc, the second coil disc, and the windings of the first and second 

coil discs may be configured as disclosed above.  

The first coil disc and the second coil disc, in particular the first coil carrier and the second coil 

carrier, are configured such that when assembled and/or abutting each other, they form a sub

stantially annular cooling channel therebetween. In other words, the cooling channel may be a 

cavity between the first coil disc and the second coil disc that is adapted and/or configured to 

carry a coolant, thereby effectively removing heat from the first coil disc and/or second coil 

disc.  

For example, the first and/or second coil carriers comprise/comprises a substantially annular 

recess that forms the cooling channel when the first and second coil discs are in the assembled 

state. For example, the first and second coil carriers may each have a raised and/or thicker radi

ally inner portion that abut one another when the first and second coil discs are in the assem

bled state. The radially outer portions of the first and second coil carriers may be spaced apart 

from each other when the first and second coil discs are in the assembled state, thereby form

ing the substantially annular cooling channel. Said cooling channel may be delimited outwardly, 

as viewed in the radial direction, by a further delimitation, for example the radially outer ce

ramic delimitation described herein and/or the coil carrier ring.  

The first ceramic delimitation may be understood to be a structure of ceramic material of the 

first coil disc that at least partially forms and/or lines the inner wall of the substantially annular 

cooling channel. The second ceramic delimitation may be understood to be a structure of ce

ramic material of the second coil disc that forms at least partially and/or lines the inner wall of 

the substantially annular cooling channel. In other words, the first ceramic delimitation may de

limit the interior of the substantially annular cooling channel from the first coil carrier and the 

second ceramic delimitation may delimit the interior of the substantially annular cooling chan

nel from the second coil carrier.  

The ceramic delimitations can be provided in various ways. For example, the ceramic delimita

tions may be provided in the form of discs of ceramic material arranged between the coil discs
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on the first and second coil carriers, respectively. The ceramic delimitations may also be pro

vided in the form of a ceramic coating on the coil carriers. This can also be combined, i.e., to 

provide part of the ceramic delimitation in the form of ceramic discs and part in the form of a 

ceramic coating on the coil carriers.  

The first and second ceramic delimitations may be two separate structures that are bonded, 

e.g., glued, together when the first coil disc and the second coil disc are assembled to form the 

inner wall of the substantially annular cooling channel. The first and second ceramic delimita

tions may also be formed in one piece and/or integrally with each other.  

Such a ceramic delimitation is advantageous in several respects. On the one hand, the ceramic 

contained in the ceramic delimitation is vapor-tight or substantially vapor-tight. Thus, the ce

ramic delimitations do not absorb water and/or prevent water from the cooling channel from 

accumulating in the insulating material of the coil carriers. Ceramics have high overall media 

and/or chemical resistance. Furthermore, the ceramic of the ceramic delimitation has a signifi

cantly higher thermal conductivity than the material of the coil carriers. For example, the ther

mal conductivity of ceramic is about 100 times higher than that of plastic. Thus, the ceramic de

limitation can provide better heat dissipation through the coolant in the cooling channel. Ce

ramics are also electrically insulating.  

Thus, the first and second ceramic delimitations can prevent the coolant in the cooling channel 

from contacting the first and second coil carriers and accumulating in the material of the first 

and second coil carriers. Such accumulation of the coolant can cause the coil carrier material to 

lose its insulating effect, for example, if the coolant contains water. However, since the coils are 

under voltage during operation, it must always be ensured that there is sufficient electrical in

sulation between the windings and the housing. Since the coolant comes into contact with the 

housing and windings during direct cooling, insulation must be ensured here as well. Thus, by 

providing the ceramic delimitations, it is possible to use a water-containing coolant while ensur

ing that the coil carriers retain their insulating effect over a long period of time. Water-contain

ing coolants are advantageous because of the high heat capacity and good thermal conductivity 

of water. For this reason, it is possible to improve the cooling of the coil disc of the electric ma

chine, and to increase the service life of the electric machine at the same time. At the same 

time, the dissipation of heat from the coil discs is also improved.  

Furthermore, the ceramic delimitation offers the advantage that it can reduce the thickness of 

the electrically insulating material of the coil carrier, which in turn improves the cooling capac

ity and efficiency of the electrical machine.
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In addition, the ceramic of the ceramic delimitations is a mechanically very strong material.  

Therefore, the ceramic delimitations can also provide or improve the mechanical strength 

and/or stability of the coil discs. The mechanical strength of the coil discs can prevent the coil 

discs from expanding in the axial direction due to the internal pressure of the coolant and the 

electromagnetic forces acting in the coil module, so that the rotor would possibly drag on the 

coil module. In this way, the material selection for the coil carriers can be focused on heat con

duction and heat resistance, while the mechanical strength of the coil discs can be ensured by 

the ceramic delimitation.  

Preferably, the first and/or second ceramic delimitation comprises/comprise an aluminum

based and/or silicon-based ceramic, preferably a material selected from the group consisting of 

aluminum oxide, aluminum nitride, silicon carbide and silicon nitride.  

In terms of their properties, these ceramic materials are suitable for use as ceramic delimita

tion. Aluminum oxide, moreover, is widely used and readily available, among other things, and 

is therefore particularly suitable.  

However, other ceramic materials can also be used for ceramic delimitation.  

Preferably, the first ceramic delimitation forms the inner wall of the substantially annular cool

ing channel throughout the radial region of the substantially annular cooling channel; and/or 

the second ceramic delimitation forms the inner wall of the substantially annular cooling chan

nel throughout the radial region of the substantially annular cooling channel.  

In other words, the first and second ceramic delimitations may form the inner wall of the sub

stantially annular cooling channel throughout the radial region of the substantially annular 

cooling channel. In this manner, the material is protected from the coolant throughout the ra

dial region of the cooling channel.  

Preferably, the first ceramic delimitation comprises a first ceramic disc arranged on the first coil 

carrier. Preferably, the second ceramic delimitation comprises a second ceramic disc arranged 

on the second coil carrier 

Such ceramic discs can, for example, be cut or punched out of a planar ceramic raw material.  

The ceramic disc can be placed on the coil carrier during manufacture of the coil disc after em

bedding, e.g., casting, of the windings and glued to the coil carrier. Alternatively, the ceramic 

disc can be placed in the tool during casting of the windings to produce the coil carrier and cast
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together with the windings.  

This enables a simple and efficient manufacturing process of the coil modules.  

Preferably, the first ceramic disc and/or the second ceramic disc comprise/comprises a thick

ness between 0.1mm and 1 mm, preferably between 0.2 mm and 0.8 mm, more preferably be

tween 0.35 mm and 0.7 mm.  

With such a thickness, on the one hand, the delimitation of the coolant as well as the strength 

of the coil disc can be ensured, while the additional axial expansion of the coil disc is reduced to 

a minimum by the ceramic delimitation.  

Preferably, the first ceramic disc and the second ceramic disc are part of a ceramic cooling 

channel formed in one piece and/or integrally.  

The ceramic cooling channel can, thus, be a three-dimensional hollow body formed in one piece 

and/or integrally, comprising the first ceramic disc and the second ceramic disc. In other words, 

the ceramic cooling channel may have the shape of an annular tube, whereby the cooling chan

nel is formed by the hollow space of the hollow body and/or the annular tube. The ceramic 

cooling channel may also be divided in multiple segments each of which comprising a disc seg

ment of the first ceramic disc and the second ceramic disc. These segments may each have the 

form of a curved tube.  

Preferably, the first ceramic disc comprises at least two, preferably two, three or four, ceramic 

disc segments and/or the second ceramic disc comprises at least two, preferably an even num

ber of, more preferably four, ceramic disc segments. These ceramic discs may be arranged adja

cent to each other on the respective coil carrier.  

Providing the ceramic disc in form of multiple ceramic disc segments may simplify the manufac

turing of the ceramic discs, particularly when the ceramic discs have a certain size.  

Preferably the ceramic delimitation comprises at least one ceramic seal member arranged on 

the ceramic disc segment in order to seal a joint between the ceramic disc segments.  

In other words, the ceramic disc segments may be arranged on the coil carrier in such a manner 

that one or more butt joints form between the ceramic disc segments. These butt joints are 

sealed preferably by arranging a ceramic seal member on the ceramic disc segments in the re-
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gion of each butt joint. Said ceramic seal member may be strip-shaped. The ceramic seal mem

ber may be mounted to the ceramic discs by means of an adhesive. Preferably, a ceramic seal 

member is arranged at each butt joint between the ceramic disc segments.  

By means of the ceramic seal members, it can be ensured that the ceramic sealing is also tight 

in the region of the butt joints between the ceramic disc segments.  

Preferably, the first ceramic delimitation comprises a first ceramic coating applied to the first 

coil carrier. Preferably, the second ceramic delimitation comprises a second ceramic coating ap

plied to the second coil carrier.  

In this way, a very thin ceramic delimitation can be provided. This reduces, among others, the 

installation space of the coil module, which in turn increases the degree of efficiency of the 

electrical machine. In addition, a coating can have a high thermal conductivity. Since such a 

coating can be applied directly, an additional adhesive layer between the coil carrier and the 

delimitation is not required either, so that the installation space can be further reduced. Conse

quently, the thermal resistance of the adhesive is also eliminated.  

The coating can be applied by means of vapor deposition, preferably physical vapor deposition 

(PVD). The coating can also be applied by chemical vapor deposition (CVD), electroplating or 

sol-gel processes.  

Preferably, the first ceramic coating and/or the second ceramic coating comprise/comprises a 

thickness between 1 pm and 100 pm, preferably between 1 am and 50 pm, more preferably 

between 1 am and 30 m.  

Preferably, the first coil carrier and/or the second coil carrier comprise/comprises a substan

tially annular recess. Further, according to the invention, the first ceramic delimitation and/or 

the second ceramic delimitation are/is provided in the form of a substantially annular ceramic 

disc arranged in the substantially annular recess on the first coil carrier and the second coil car

rier, respectively.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

The substantially annular recess of the first coil carrier and/or the second coil carrier may be 

provided, for example, by raising a radially inner region of the first and/or second coil carrier 

relative to a radially outer region of the first and/or second coil carrier, respectively, and/or by
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increasing the axial thickness of the coil carrier in the radially inner region relative to the radi

ally outer region. For example, the inner passive regions of the windings disclosed herein may 

be arranged in the radially inner regions of the coil carriers, whereas the active regions and 

outer passive regions of the windings are arranged in the radially outer regions of the coil carri

ers. The substantially annular ceramic disk may have a radially inner recess substantially coinci

dent with the radially inner regions of the coil carriers. The outer diameter of the annular ce

ramic disk may substantially match the diameter of the coil carriers.  

Preferably, the coil module comprises at least one connecting element arranged in the substan

tially annular cooling channel and adhered to, preferably integrally formed with, both the first 

ceramic delimitation and the second ceramic delimitation.  

In other words, the at least one connecting element can connect the first ceramic delimitation 

and the second ceramic delimitation to each other. In this way, the strength of the coil discs or 

coil module provided by the ceramic delimitations can be further improved. At the same time, 

the connecting elements can increase the cooling surface of the cooling channel and thus im

prove heat dissipation from the coil discs. Furthermore, the connecting elements can be ar

ranged and/or configured in the cooling channel in such a way that they result in turbulence of 

the coolant, which in turn can additionally improve heat dissipation.  

For example, the connecting elements can be formed integrally and/or in one piece with the 

ceramic delimitations. However, it is also possible to provide the connecting elements as sepa

rate elements which are bonded to the ceramic delimitations, for example.  

Preferably, the at least one connecting element comprises an aluminum-based and/or silicon

based ceramic, preferably a material from the group consisting of aluminum oxide, aluminum 

nitride, silicon carbide and silicon nitride. Preferably, the at least one connecting element is 

bonded to or integrally formed with the first ceramic delimitation and/or the second ceramic 

delimitation.  

Preferably, the at least one connecting element comprises a strut preferably arranged perpen

dicular to the first and/or second coil disc. Preferably, the at least one connecting element has a 

rib extending parallel to the first and/or second coil disc.  

Such connecting elements can simultaneously improve the stability of the coil module as well 

as the cooling performance.  

Preferably, the coil module comprises a radially inner ceramic delimitation, wherein the radially
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inner ceramic delimitation is further preferably collar-shaped and/or ring-shaped and, viewed 

in the radial direction, is arranged inside adjacent to the first ceramic delimitation and the sec

ond ceramic delimitation.  

The radially inner ceramic delimitation can prevent the region of the coil carrier adjacent to the 

cooling channel radially on the inside from coming into contact with and absorbing the coolant.  

The radially inner ceramic delimitation can be provided as a separate element that is bonded to 

the first and/or second ceramic delimitation, for example. Alternatively, the radially inner ce

ramic delimitation may also be configured as a part, formed integrally and/or in one piece with 

the first and/or second ceramic delimitation.  

Preferably, the coil module comprises a radially outer ceramic delimitation, wherein the radially 

outer ceramic delimitation is preferably collar-shaped and/or ring-shaped and, viewed in the 

radial direction, is arranged outside adjacent to the first ceramic delimitation and the second 

ceramic delimitation.  

The radially outer ceramic delimitation can prevent the cooling channel from being delimited to 

the outside when viewed in the radial direction. Furthermore, the radially outer ceramic delimi

tation can prevent the coolant from escaping to the outside in the radial direction to then come 

into contact with and/or being absorbed by adjacent regions of the coil carrier.  

The radially outer ceramic delimitation can be provided as a separate element that is bonded to 

the first and/or second ceramic delimitation, for example. Alternatively, the radially outer ce

ramic delimitation may also be configured as a part, formed integrally and/or in one piece with 

the first and/or second ceramic delimitation.  

Preferably, the first coil disc and/or second coil disc comprises an inlet opening for conducting 

coolant into the substantially annular cooling channel. Preferably, the first coil disc and/or the 

second coil disc comprise/comprises an outlet opening for conducting coolant from the sub

stantially annular cooling channel to the outside.  

The inlet opening and/or outlet opening may be provided in an area of the first and/or second 

coil disc which, viewed in the radial direction, is arranged outside the coil carrier. For example, 

each coil disc may have a coil carrier ring arranged radially outside and/or surrounding the coil 

carrier. The inlet and/or outlet opening(s) may be arranged in the coil carrier ring. The inlet 

and/or outlet opening may be provided in the form of a bore aligned in the axial direction. The 

inlet opening allows the coolant to enter the cooling channel, flow through the cooling channel,
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and then exit through the outlet opening. Preferably, the inlet opening and the outlet opening 

are offset by 180° with respect to the axial axis of the coil module.  

This form of guiding the coolant has proven to be advantageous both in terms of the cooling 

function and the manufacture of the coil module.  

Preferably, a plurality of individual windings made of an electrically conductive material are em

bedded in the first coil carrier, each of which is embedded in the first coil carrier circumferen

tially around a center of the first coil carrier. Further embedded in the second coil carrier are a 

plurality of individual windings of an electrically conductive material, each of which is embed

ded in the second coil carrier circumferentially around a center of the second coil carrier. Each 

of the windings comprises two active regions extending radially from the center and two pas

sive regions extending tangentially at its radially outer and inner edges.  

Preferably, in plan view of the coil disc, the active regions of different windings do not cover 

each other, but each passive region of one of the windings partially covers the corresponding 

passive regions of the two directly adjacent windings, wherein in the axial direction the respec

tive winding, in cross-section, has a greater thickness in the active regions than in the passive 

regions.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in this specification and also apply to the features described herein.  

Preferably, adjacent active regions of the plurality of individual windings of the first coil disc 

and the second coil disc are spaced apart from each other in the tangential direction such that a 

gap is arranged between the adjacent active regions, wherein the first ceramic delimitation and 

the second ceramic delimitation each comprise projections which extend into the gaps ar

ranged between the adjacent active regions.  

In other words, the adjacent active regions of the plurality of individual windings may be spaced 

apart such that the first coil carrier and the second coil carrier, respectively, each comprise a 

gap between adjacent active regions of the plurality of individual windings. Projections of the 

first and second ceramic delimitations may extend in the axial direction into these gaps.  

The gaps and projections can preferably be in the form of circular sectors or "pieces of a pie".  

The projections can be part of the ceramic delimitation or inserted separately in the gap and 

optionally be bonded to the ceramic delimitation. The projections can comprise or consist of
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the same ceramic material as the ceramic delimitation or another material.  

On the one hand, these projections can further increase the stability of the coil discs and/or ad

ditionally reinforce the coil disc. As a result, the load due to the internal pressure of the coolant 

in the cooling channel can be better absorbed. Furthermore, a form fit which can absorb a 

torque can be provided between the projections of the ceramic delimitation and the gaps of 

the coil carrier. Due to electromagnetic interactions, for example, a torque is generated be

tween the rotor and the windings of the stator or coil module. On the one hand, this torque 

causes rotation of the rotor and must be dissipated at the stator. By providing the cake pieces, 

the torque can be transferred from the coil carrier to the ceramic delimitation due to the form 

fit between the coil carrier and the ceramic delimitation. The ceramic delimitation can then 

conduct the torque to the housing of the coil module and the electrical machine, respectively.  

In this manner, deformation of the windings, in particular of the active regions of the windings, 

can be prevented. The projections can also improve heat dissipation from the windings. In this 

way, cooling performance can be significantly increased.  

Preferably, the cooling channel is arranged at least in the area of the radially extending active 

regions and preferably also in the region of the radially outer passive regions.  

In other words, the cooling channel can extend in a radial area of the first and second coil discs 

in which at least the active regions of the windings are arranged. Since a large part of the heat 

is generated in the active regions of the windings, heat dissipation can be improved in this man

ner. Preferably, the cooling channel extends at least in the entire radial area of the first and sec

ond coil discs in which the active regions of the windings are arranged in their entirety.  

Preferably, the thickness in the axial direction of the active regions of the respective winding of 

the first and/or second coil disc decreases in the radial outward direction. Preferably, the width 

in tangential direction of the active regions of the respective winding of the first and/or second 

coil disc increases in the radial outward direction.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, a depth in the axial direction of the recess increases in the region of the active re

gions in the radial outward direction.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.
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Preferably, a ratio of the thickness of the respective winding in the passive regions to the thick

ness in the active regions is less than 1. Preferably, the ratio of the thickness of the respective 

winding in the passive regions to the thickness in the active regions is greater than or equal to 

0.3 and less than 1.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, the shape of the cross-section surface of the respective winding changes during a 

transition from an active region to a passive region.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, all active regions of different windings of the first coil disc are arranged in a single 

plane in side view. Preferably, all active regions of different windings of the second coil disc are 

arranged in a single plane in side view.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, the windings are formed from a fine strand of several wires electrically insulated 

from each other which comprise a wire diameter less than or equal to 0.1mm.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, a number of the windings of the first coil disc and/or the second coil disc each corre

sponds to an integer multiple of 3, so that the windings enable three-phase operation.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

Preferably, an inner passive region and an outer passive region of one of the windings differ in 

thickness in the axial direction. Preferably, the thickness of the outer passive region of one of 

the windings is selected such that a ratio of the thickness of this region to the thickness of the 

active regions is less than or equal to 0.5.
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Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

The invention further relates to an electric machine comprising a bearing arrangement and a 

shaft guided in the bearing arrangement, wherein at least one magnet module comprising a 

plurality of permanent magnets and at least one coil module disclosed within the scope of the 

present specification are concentrically arranged along the shaft.  

Technical effects, advantages and/or explanations of these features are already disclosed else

where in the present specification and also apply to the features described herein.  

The invention further relates to a vehicle or machine tool comprising an electric machine dis

closed within the scope of the present specification.  

Further preferred embodiments of the invention are disclosed by the following numbered 

items: 

1. A coil module (18) for an electric machine, comprising: 

at least one coil disc (6) 

with at least one coil carrier (15) made of an electrically insulating material and having a 

plurality of individual windings (13) made of an electrically conductive material, the windings 

being arranged circumferentially around a center (14) of the at least one coil carrier (6) on 

the at least one coil carrier (6), wherein 

each of the windings (13) comprises two active regions (16) extending radially from the cen

ter (14) and two passive regions (17a, 17b) extending tangentially at its radially outer and 

inner edges, and 

in a plan view of the coil disc (6), the active regions (16) of different windings (13) do not 

cover each other, but each passive region (17a, 17b) of one of the windings (13) partially 

covers the corresponding passive regions (17a, 17b) of the two directly adjacent windings 

(13), characterized in that 

in the axial direction the respective winding (13), in cross-section, has a greater thickness in 

the active regions (16) than in the passive regions (17a, 17b).
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2. The coil module (18) according to item 1, characterized in that the ratio of the thickness of 

the respective winding (13) in the passive region (17a, 17b) to the thickness in the active 

region (16) is less than 1.  

3 The coil module (18) according to item 1 or item 2; characterized in that the ratio of the 

thickness of the respective winding (13) in the passive region (17a, 17b) to the thickness in 

the active region (16) is greater than or equal to 0.3 and less than 1.  

4. The coil module according to any one of the preceding items, characterized in that the shape 

of the cross-section of the respective winding (13) changes at the transition from an active 

region (16) to a passive region (17a, 17b).  

5. The coil module (18) according to any one of the preceding items, characterized in that, in a 

side view, all active regions (16) of different windings (13) are all arranged in a single plane.  

6. The coil module (18) according to any one of the preceding items, characterized in that the 

thickness in the axial direction of the active regions (16) of the respective winding (13) de

creases in the radial outward direction ; and 

the width in tangential direction of the active regions (16) of the respective winding (13) 

increases in the radial outward direction.  

7. The coil module (18) according to any one of the preceding items, characterized in that the 

windings are formed of a fine strand of a plurality of wires electrically insulated from each 

other and having a wire diameter of less than or equal to 0.1mm.  

8. The coil module (18) according to any one of the preceding items, characterized in that a 

number of the windings (13) corresponds to an integer multiple of 3, so that the windings 

(13) enable three-phase operation.  

9. The coil module (18) according to any one of the preceding items, characterized in that an 

inner passive region (17a) and an outer passive region (17b) of one of the windings (13) differ 

in thickness in the axial direction.  

10. The coil module according to item 9, characterized in that the thickness of the outer passive 

region (17) of one of the windings (13) is selected so that the ratio of the thickness of this 

region to the thickness of the active regions (16) is less than or equal to 0.5.  

11. An electric machine comprising a bearing arrangement (1, 3) and a shaft (2) guided in the
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bearing arrangement (1, 3), wherein at least one magnet module (4) comprising a plurality 

of permanent magnets (5) and at least one coil module (18) according to any one of the 

preceding items are concentrically arranged along the shaft (2).  

12. The electric machine according to item 11, characterized in that the at least one coil module 

(18) is covered with a foil made of an electrically insulating material at least on its side facing 

the magnet module (4).  

13. The electric machine according to item 11 or item 12, characterized in that the at least one 

coil module (18) comprises at least two interconnected coil discs (6) and a cooling channel 

formed by a cavity between the two coil discs.  

14. A vehicle or machine tool comprising an electric machine according to any one of items 11 

to 13.  

15. The coil module (18) for an electric machine, particularly according to any one of the preced

ing items, comprising: 

a first coil disc (6) with at least one winding (13) made of an electrically conductive material; 

a second coil disc (6) with at least one winding (13) made of an electrically conductive mate

rial; 

wherein the first coil disc (6) and/or the second coil disc (6) comprise/comprises a substan

tially annular recess (22); 

wherein the first coil disc (6) and the second coil disc (6) are attached to each other such that 

a substantially annular cooling channel (23) for a coolant is formed between the first coil disc 

(6) and the second coil disc (6) by the substantially annular recesses/recess (22).  

16. The coil module (18) according to item 15, wherein the first coil disc (6) and/or the second 

coil disc (6) comprises/comprise an inlet opening (43) in the area of the recess (22) in order 

to guide coolant into the substantially annular cooling channel (23); and/or 

the first coil disc (6) and/or the second coil disc (6) comprises/comprise an outlet opening 

(45) in the area of the recess (22) in order to direct coolant from the substantially annular 

cooling channel (23) to the outside.
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17. The coil module (18) according to item 16; wherein the first coil disc (6) and/or the second 

coil disc (6) comprises a web (38a, 38b) in the recess (22) between the inlet opening (43) and 

the outlet opening (45) configured in such a way that the substantially annular cooling chan

nel (23) between the inlet opening (43) and the outlet opening (45) has a partition.  

18. The coil module (18) according to any one of items 15 to 17, wherein each of the first coil 

disc (6) and the second coil disc (6) comprises: 

at least one coil carrier (15) made of an electrically insulating material and 

a plurality of individual windings (13) made of an electrically conductive material, which are 

arranged circumferentially around a center (14) of the at least one coil disc (6) on the at least 

one coil disc (6), wherein 

each of the windings (13) comprises two active regions (16) extending radially from the cen

ter (14) and two passive regions (17b) extending tangentially at its radially outer and inner 

edgesand 

in plan view of the coil disc (6), the active regions (16) of different windings (13) do not over

lap each other, but each passive region (17a, 17b) of one of the windings (13) partially over

laps the corresponding passive regions (17a, 17b) of the two directly adjacent windings (13), 

respectively, characterized in that 

the respective windings (13) in the active regions (16) have a greater thickness in cross-sec

tion in the axial direction than in the passive regions (17a, 17b).  

19. The coil module according to item 18, wherein the recesses/recess (22) are/is arranged at 

least in the region of the radially extending active regions (16), and preferably also in the 

region of the radially outer passive regions (17b).  

20. The coil module (18) according to item 19, wherein the thickness in the axial direction of the 

active regions (16) of the respective windings (13) of the first and/or the second coil disc (6) 

decreases in the radial outward direction; and 

wherein the width in the tangential direction of the active regions (16) of the respective 

windings (13) of the first and/or the second coil disc (6) increases in the radial outward di

rection.
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21. The coil module (18) according to item 20, wherein a depth (34, 34a, 34b) in the axial direc

tion of the recess (22) in the active regions (16) increases outwards in the radial direction.  

22. The coil module (18) according to any one of items 18 to 21, wherein a ratio of the thickness 

of the respective winding (13) in the passive regions (17a, 17b) to the thickness in the active 

regions (16) is less than 1.  

23. The coil module (18) according to any one of items 18 to 22; wherein the ratio of the thick

ness of the respective winding (13) in the passive regions (17a, 17b) to the thickness in the 

active regions (16) is greater than or equal to 0.3 and less than 1.  

24. The coil module (18) according to any one of items 18 to 23, wherein the shape of the cross

sectional area of the respective winding (13) changes in a transition from an active region 

(16) to a passive region (17a, 17b).  

25. The coil module (18) according to any one of items 18 to 24, characterized in that, in a side 

view, the active regions (16) of different windings (13) are all arranged in a single plane.  

26. The coil module (18) according to any one of items 18 to 25, characterized in that the wind

ings are formed of a fine strand of a plurality of wires electrically insulated from each other 

and having a wire diameter of less than or equal to 0.1mm.  

27. The coil module (18) according to any one of items 18 to 26, characterized in that a number 

of the windings (13) corresponds to an integer multiple of 3, so that the windings (13) enable 

three-phase operation.  

28. The coil module (18) according to any one of items 18 to 27, characterized in that an inner 

passive region (17a) and an outer passive region (17b) of one of the windings (13) differ in 

thickness in the axial direction.  

29. The coil module according to item 28, characterized in that the thickness of the outer passive 

region (17b) of one of the windings (13) is selected so that the ratio of the thickness of this 

region to the thickness of the active regions (16) is less than or equal to 0.5.  

30. An electric machine comprising a bearing arrangement (1, 3) and a shaft (2) guided in the 

bearing arrangement (1, 3), wherein at least one magnet module (4) comprising a plurality 

of permanent magnets (5) and at least one coil module (18) according to any one of the items 

15 to 29 are concentrically arranged along the shaft (2).
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31. A vehicle (150) or machine tool (154) comprising an electric machine according to item 30.  

Further embodiments of the present invention are disclosed by the following numbered aspects: 

1. A coil module (18) for an electric machine, particularly according to any one of the pre

ceding items, comprising: 

a first coil disc (6, 6a) with a first coil carrier (15, 15a) made of an electrically insulating ma

terial, at least one winding (13) embedded in the first coil carrier (15, 15a) and made of an 

electrically conductive material, and a first ceramic delimitation (56, 56a); 

a second coil disc (6, 6b) with a second coil carrier (15, 15b) made of an electrically insulating 

material, at least one winding (13) embedded in the second coil carrier (15, 15b) and made 

of an electrically conductive material, and a second ceramic delimitation (56, 56b); 

wherein the first coil disc (6, 6a) and the second coil disc (6, 6b) are configured and attached 

to each other such that a substantially annular cooling channel (23) for a coolant is formed 

between the first coil disc (6, 6a) and the second coil disc (6b); and 

wherein the first ceramic delimitation (56, 56a) and the second ceramic delimitation (56, 

56b) each form at least partially an inner wall of the substantially annular cooling channel 

(23).  

2. The coil module (18) according to aspect 1, wherein the first and/or second ceramic delimi

tation (56, 56a, 56b) comprise/comprises an aluminum-based and/or silicon-based ceramic, 

preferably a material selected from the group consisting of aluminum oxide, aluminum ni

tride, silicon carbide and silicon nitride.  

3. The coil module (18) accordingto anyone of the preceding aspects, wherein the first ceramic 

delimitation (56, 56a) forms the inner wall of the substantially annular cooling channel (23) 

in the entire radial region of the substantially annular cooling channel; and/or 

wherein the second ceramic delimitation (56, 56b) forms the inner wall of the substantially 

annular cooling channel (23) in the entire radial region of the substantially annular cooling 

channel.  

4. The coil module (18) according to any one of the preceding aspects, wherein the first ceramic 

delimitation (56, 56a) comprises a first ceramic disc arranged on the first coil carrier (15, 15a) 

and/or 

wherein the second ceramic delimitation (56, 56b) comprises a second ceramic disc arranged 

on the second coil carrier (15, 15b).
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5. The coil module (18) according to aspect 4, wherein the first ceramic disc (56, 56a) and/or 

the second ceramic disc (56, 56b) have/has a thickness between 0.1 mm and 1 mm, prefer

ably between 0.2 mm and 0.8 mm, further preferably between 0.35 mm and 0.7 mm.  

6. The coil module (18) according to aspect 4 or 5, wherein the first ceramic disc and the second 

ceramic disc are part of a ceramic cooling channel formed in one piece.  

7. The coil module (18) according to any one of aspects 4 to 6, wherein the first ceramic disc 

(56, 56a) comprises at least two, preferably an even number of, more preferably four, ce

ramic disc segments and/or.  

wherein the second ceramic disc (56, 56b) comprises at least two, preferably an even num

ber of, more preferably four, ceramic disc segments 

8. The coil module (18) according to aspect 7, wherein the ceramic delimitation comprises at 

least one ceramic seal member arranged on the ceramic disc segments in orderto seal a joint 

between the ceramic disc segments.  

9. The coil module (18) according to any one of aspects 1 to 3, 

wherein the first ceramic delimitation (56, 56a) comprises a ceramic coating applied to the 

first coil carrier (15, 15a); and/or 

the second ceramic delimitation (56, 56b) comprises a ceramic coating applied to the second 

coil carrier (15, 15b).  

10. The coil module (18) according to aspect 9, wherein the first ceramic coating and/or the 

second ceramic coating have/has a thickness between 1 im and 100 lm, preferably between 

1 pm and 50 pm, further preferably between 1 am and 30 pm.  

11. The coil module (18) according to any one of the preceding aspects, wherein the first coil 

carrier (15, 15a) and/or the second coil carrier (15, 15b) comprise/comprises a substantially 

annular recess (22); and 

wherein the first ceramic delimitation (56, 56a) and/or the second ceramic delimitation (56, 

56b) are/is provided in form of a substantially annular ceramic disc which is arranged in the 

substantially annular recess (22) on the first coil carrier and/or second coil carrier.  

12. The coil module (18) according to any one of the preceding aspects, further comprising: 

at least one connecting element (63, 64) which is arranged in the substantially annular cool

ing channel (23) and connected to, preferably integrally formed with, both the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b).
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13. The coil module (18) according to aspect 12, 

wherein the at least one connecting element (63, 64) preferably comprises an aluminum

based and/or silicon-based ceramic, preferably a material selected from the group consisting 

of aluminum oxide, aluminum nitride, silicon carbide and silicon nitride; and/or 

wherein the at least one connecting element (63, 64) is adhered to or integrally formed with the 

first ceramic delimitation and/or the second ceramic delimitation.  

14. The coil module according to aspect 12 or 13, 

wherein the at least on connecting element (63, 64) comprises a strut preferably arranged 

perpendicularly to the first and/or second coil disc (6, 6a, 6b); and/or 

wherein the at least one connecting element (63, 64) comprises a rib extending in parallel to the 

first and/or second coil disc (6, 6a, 6b).  

15. The coil module (18) according to any one of the preceding aspects, further comprising a 

radially inner ceramic delimitation (57); 

wherein the radially inner ceramic delimitation (57) is preferably collar-shaped and/or ring

shaped and, viewed in the radial direction, is arranged inside adjacent to the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b).  

16. The coil module (18) according to any one of the preceding aspects, further comprising a 

radially outer ceramic delimitation (58); 

wherein the radially outer ceramic delimitation (58) is preferably collar-shaped and/or ring

shaped and, viewed in the radial direction, is arranged outside adjacent to the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b).  

17. The coil module (18) according to any one of the preceding aspects, wherein the first coil 

disc (6, 6a) and/or the second coil disc (6, 6b) comprises an inlet opening (43, 54) for con

ducting coolant into the substantially annular cooling channel (23); and/or 

wherein the first coil disc (6, 6a) and/or the second coil disc (6, 6b) comprises an outlet open

ing (45, 55) for conducting coolant from the substantially annular cooling channel (23) to the 

outside.  

18. The coil module (18) according to any one of the preceding claims, wherein a plurality of 

individual windings (13) made of an electrically conductive material are embedded in the 

first coil carrier (15, 15a), each of which is embedded in the first coil carrier (15, 15a) circum

ferentially around a center (14) of the first coil carrier (15, 15a),
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wherein a plurality of individual windings (13) of an electrically conductive material are em

bedded in the second coil carrier (15, 15b), each of which is embedded in the second coil 

carrier (15, 15b) circumferentially around a center (14) of the second coil carrier (15, 15b), 

wherein each of the windings (13) comprises two active regions (16) extending radially from 

the center (14) and two passive regions (17b) extending tangentially at its radially outer and 

inner edges, and 

wherein, in a plan view of the coil disc (6, 6a, 6b), the active regions (16) of different windings 

(13) do not cover each other, but each passive region (17a, 17b) of one of the windings (13) 

partially covers the corresponding passive regions (17a, 17b) of the two directly adjacent 

windings (13), wherein, in the axial direction the respective winding (13), in cross-section, 

has a greater thickness in the active regions (16) than in the passive regions (17a, 17b).  

19. The coil module (18) according to aspect18, wherein adjacent active regions (16) of the plu

rality of individual windings (13) of the first coil disc (6, 6a) and the second coil disc (6, 6b) 

are spaced apart from each other in the tangential direction so that a gap is arranged be

tween the adjacent active regions (16), and 

wherein each of the first ceramic delimitation (56, 56a) and the second ceramic delimitation 

(56, 56b) comprises projections (65) which extend into the gaps arranged between the adja

cent active regions (16).  

20. The coil module (18) according to aspect 18 or 19, wherein the cooling channel (23) is ar

ranged at least in the region of the radially extending active regions (16) and preferably also 

in the region of the radially outer passive regions (17b).  

21. The coil module (18) according to aspect 20, wherein the thickness in the axial direction of 

the active regions (16) of the respective windings (13) of the first and/or the second coil disc 

(6) decreases in the radial outward direction; and 

wherein the width in the tangential direction of the active regions (16) of the respective 

windings (13) of the first and/or the second coil disc (6) increases in the radial outward di

rection.  

22. The coil module (18) according to aspect 21, wherein a depth (34, 34a, 34b) in the axial di

rection of the recess (22) in the active regions (16) increases in the radial outward direction.  

23. The coil module (18) according to any one of aspects 18 to 22, wherein a ratio of the thick

ness of the respective winding (13) in the passive regions (17a, 17b) to the thickness in the 

active regions (16) is less than 1; 

wherein the ratio of the thickness of the respective winding (13) in the passive regions (17a,
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17b) to the thickness in the active regions (16) is preferably greater than or equal to 0.3 and 

less than 1.  

24. The coil module (18) according to any one of aspects 18 to 23, wherein the shape of the 

cross-sectional area of the respective winding (13) changes in a transition from an active 

region (16) to a passive region (17a, 17b).  

25. The coil module (18) according to any one of aspects 18 to 24, wherein, in a side view, the 

active regions (16) of different windings (13) of the first coil disc (15) are all arranged in a 

single plane; and/or 

wherein, in a side view, the active regions (16) of different windings (13) of the second coil 

disc (15) are all arranged in a single plane.  

26. The coil module (18) according to any one of aspects 18 to 25, wherein the windings are 

formed of a fine strand of a plurality of wires electrically insulated from each other and hav

ing a wire diameter of less than or equal to 0.1 mm.  

27. The coil module (18) according to any one of aspects 18 to 26, wherein a number of the 

windings (13) of the first coil disc (15) and/or the second coil disc (15) each corresponds to 

an integer multiple of 3, so that the windings (13) enable three-phase operation.  

28. The coil module (18) according to any one of aspects 18 to 27, wherein an inner passive 

region (17a) and an outer passive region (17b) of one of the windings (13) differ in thickness 

in the axial direction; 

wherein the thickness of the outer passive region (17b) of one of the windings (13) is prefer

ably selected so that the ratio of the thickness of this region to the thickness of the active 

regions (16) is less than or equal to 0.5.  

29. An electric machine comprising a bearing arrangement (1, 3) and a shaft (2) guided in the 

bearing arrangement (1, 3), wherein at least one magnet module (4) comprising a plurality 

of permanent magnets (5) and at least one coil module (18) according to any one of the 

preceding aspects are concentrically arranged along the shaft (2).  

30. A vehicle (150) or machine tool (154) comprising an electric machine according to aspect 29.  

Exemplary embodiments of the invention are shown in the drawings and are explained below 

with reference to the figures discussed below.
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Shown is: 

Fig. 1 An exploded view of an electric motor; 

Fig. 2 A plan view of a coil disc; 

Fig. 3 A side view of a coil module; 

Fig. 4 A plan view and sectional view of a winding; 

Fig. 5 A plan view of the coil module; 

Fig. 6 A sectional view of the coil module; 

Fig. 7 A plan view of a coil disc; 

Fig. 8A to 8D Sectional views through a coil disc 

Figs. 9A, 9B Plan view and sectional view of a winding; 

Fig. 10 A sectional view through a coil module; 

Figs. 11A, 11B Plan views of first and second coil discs; 

Fig. 12A A perspective view of a coil module; 

Fig. 12B A plan view of the coil module shown in Fig. 12A; 

Fig. 12C A perspective view of a portion of the coil module shown in Fig. 12A; 

Figs. 13A, 13B A perspective view and a plan view of a coil; 

Figs. 13C, 13D Sectional views along planes A-A and B-B in Fig. 13B; 

Figs. 14A, 14B A coil disc without and with ceramic delimitation; 

Figs. 15A, 15B a ceramic delimitation with connecting elements, respectively;
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Fig. 16 A ceramic delimitation with projections; 

Fig. 17 A vehicle; and 

Fig. 18 A machine tool.  

Figure 1 shows an exploded view of an electric motor. A first bearing shield 1 together with a 

second bearing shield 3 forms a bearing arrangement for a motor shaft 2. The motor shaft 2 is 

guided centrally in the bearing shields 1 and 3 and is provided with a bearing cap 7 and a fixed 

bearing 8 in the region of the first bearing shield 1 and with a floating bearing 12 in the region 

of the second bearing shield 3. In the embodiment shown, the bearing shields 1 and 3, the 

bearing cap 7 and a coil spacer 10 and a magnetic spacer 9 are formed from polyamide, the mo

tor shaft 2 is configured from stainless steel and the fixed bearing 8 and the floating bearing 12 

are configured from steel as deep groove ball bearings.  

Between the first bearing shield 1 and the second bearing shield 3, a coil module 18 consisting 

of two coil discs 6 arranged axially one behind the other and a magnet disc and a magnet mod

ule 4, respectively, are visibly arranged, which are kept at a predetermined spatial distance 

from each other by the coil spacer 10 and the magnet spacer 9. The coil module 18 is disc

shaped, i.e. its length and width are significantly greater than its thickness (which is measured 

in the axial direction in Figure 1). The term "significantly greater" should be understood to 

mean that its thickness is at a maximum 10 percent of its length and its width, respectively. The 

length and the width are typically equal. In the illustrated embodiment, the coil module 18 

serves as a stator that is stacked on the motor shaft 2 and adjacent to two magnetic disks or 

magnet modules 4 which serve as rotors. The stator is arranged centrally between the two 

magnetic disks 4. In addition, in the embodiment shown in Figure 1, an iron return 11 is pro

vided between the magnetic disk 4 and the second bearing shield 3, this iron return 11, how

ever, can also be omitted or designed alternatively in further embodiments.  

The magnetic discs 4 are made of a non-magnetizable, preferably electrically non-conductive 

material such as aluminum, and are mounted on the motor shaft 2, which is mounted in the 

bearings 8 and 12 of the bearing shields 1 and 3. Also mounted on the motor shaft 2 is the mag

netic spacer 9, which creates an air gap between the magnetic discs 4 in which the coil module 

18 is arranged. Permanent magnets 5 are arranged radially circumferentially on the magnetic 

disk 4 in alternating orientation, i.e. always alternating with the north pole and south pole 

pointing in the direction of the stator, i.e. in the axial direction. A number of the permanent 

magnets 5 is always even in this case. Preferably, the number of permanent magnets 5 exactly 

twice the number of windings per phase.
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In the embodiment shown in Figure 1, a single coil module 18 can be made from two coil discs 

6, but provision is also made to connect three or more of these coil discs 6 to one another and 

thus obtain the coil module 18. During operation, a cooling medium can be conducted in a cav

ity forming between the individual coil discs 6. The simplest but at the same time efficiently op

erable structure of the motor is formed by a single coil module 18 with a single coil disc 6 and 

two magnetic discs 4, but it may also be envisaged to provide correspondingly more coil mod

ules 18 and magnetic discs 4, wherein a number of the magnetic discs 4 is preferably greater by 

one than a number of the coil modules 18. Advantages of a corresponding modular design re

sult from the variable number of installed coil modules 18 and magnetic disks 4, in particular 

with a corresponding shaft and bearing design. In addition to a combination of the two modules 

coil module 18 and magnetic disk 4, the variation of the individual modules leads to further 

flexibility in the motor design. The coil module 18 and the magnetic disk 4 can be adapted inde

pendently of each other, e.g. only the permanent magnets 5 may need to be adapted, while the 

rest of the structure remains unchanged.  

In Figure 2, a coil carrier 15 forming the coil disc 6 with windings 13 arranged thereon is shown 

in a plan view, i.e. along a normal direction which is perpendicular to both the length and the 

width of the coil module 18. Recurring features are indicated by identical references in this Fig

ure as well as in the following Figures. The coil carrier 15 is round in plan view, i.e. the length 

exactly corresponds in size to the width, and is made of an electrically insulating material. A 

plurality of individual windings 13 are arranged radially circumferentially on the coil carrier 15 

around a center 14 of the coil carrier 15, wherein each of the windings 13 is electrically insu

lated from immediately adjacent windings 13. At the center 14, the axis of rotation of the elec

trical machine intersects the coil carrier 15. In the embodiment shown in Figure 2, these wind

ings 13 are wound in three phases. Each winding consists of several turns of strands. This re

sults in every third winding 13 being designed in the same manner regarding its arrangement in 

the grouping. These windings 13 are also positioned identically in terms of their depth orienta

tion and arrangement: thus, a first phase is formed by the windings 13 visible as the uppermost 

layer in Figure 1, a second phase is formed by the windings 13 half-covered as seen from above, 

and a third phase is formed by the windings 13 fully covered as seen from above.  

Each of the windings 13 comprises two active regions 16 extending radially from the center 14 

of the coil disc 6, which contribute to the torque of the motor, and two passive regions 17a and 

17b extending approximately tangentially at its radially outer edge and inner edge, i.e. a radially 

inner passive region 17a and a radially outer passive region 17b. The inner passive regions 17a, 

which are thus arranged closer to the center 14 than the outer passive regions 17b, are shorter 

in length than the outer passive regions 17b. The active regions 16 of different windings 13 do
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not overlap each other in plan view, i.e. in a view along the motor shaft 2, each of the inner and 

outer passive regions 17a and 17b of one of the windings 13 partially covers the corresponding 

passive regions 17a and 17b of the two immediately adjacent windings 13, respectively.  

The circles Kl and K2 represent the radially inner and radially outer boundaries of the active re

gions 16. That means, the active regions 16 extend from the inner circle K1 to the outer circle 

K2. The regions of the windings that lie outside said circles Kl and K2 are to be assigned to the 

passive regions 17a and 17b.  

In the embodiment shown in Figure 2, each of the three phases is made up of individual teeth, 

i.e. individual windings 13; the individual windings 13 are wound several times, but also only a 

single turn can be provided. A special feature is that the different phases in the spoke-like ac

tive regions 16 lie next to each other in a single plane. In Figure 2, these active regions 16 are 

indicated by the two circular lines above the windings 13. Thus, the active regions 16 are also 

identical in shape and dimensions, while the passive regions 17a and 17b are different both in 

shape and dimensions.  

The passive regions 17a and 17b comprise overlaps of two always adjacent teeth, which means 

that the individual phases must undergo a plane change. Without a cross-section change, the 

thickness of the coil disc 6 doubles in the axial direction in the region of the passive regions 17a 

and 17b when there is a direct overlap. A resulting increase in an axial distance of the perma

nent magnets 5 can be influenced by a change in cross-section, i.e. a change in the thickness-to

width ratio or height-to-width ratio, of the windings 13. A ratio of the thickness of the respec

tive winding 13 in the active regions 16 to the thickness in the passive regions 17a and 17b is 

exactly 2 in the illustrated embodiment. In a simplified manner, it may be assumed that thick

ness or height of the active regions 16 (which are all identical in terms of their thickness in the 

embodiment shown) in the axial direction is standardized to 1, whereas the passive regions 17a 

and 17b (which are also all identical in terms of their thickness in the embodiment shown) have 

a thickness of 0.75 which in relation to said standardized thickness is smaller, but in a side view, 

these thicknesses of the passive regions 17a and 17b add up to only 1.5 due to their aligning ar

rangement one behind the other. Such an arrangement is shown, for example, in the sectional 

view in Figure 2 on the right-hand side. While the passive regions 17a and 17b, considered indi

vidually, each have a smaller thickness or height than the active regions 16, the passive regions 

17 appear thicker in the superimposed arrangement of the windings 13 due to the overlaps, re

sulting in additional installation space in the central part in which the permanent magnets 5 can 

be located closer to the active regions 16. The lower part of Figure 2 schematically shows a 

course of the outer passive regions 17b. It is clear that every third winding 13 undergoes a 

plane change in its passive region 17b. In the illustrated embodiment, a number of windings 13
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corresponds to an integer multiple of three, so that the windings 13 enable three-phase opera

tion. Thus, a total of three strings of different phases are formed from the windings 13, wherein 

all active regions 16 of the windings 13 are present in a single plane in side view, while the pas

sive regions 17a and 17b are distributed over two planes. Two phases are each in one plane and 

a third phase undergoes an additional plane change.  

For example, two phases may be stacked or juxtaposed in the radial direction instead of in the 

axial direction by a corresponding cross-section change, resulting in an enlargement of the coil 

disc 6 in the radial direction. When the height or thickness of the passive regions 17a and 17b is 

doubled in the radial direction, doubling of the two phases in the axial direction is compensated 

for, resulting in one plane for the entire coil disc 6. This thus results in a three-phase wound 

ironless coil module 18 with adaptable cross-section change of the windings 13 and, thus, 

adaptable axial height of the coil module 18 for use in ironless axial flux electric motors.  

Hence, in the embodiment shown in Figure 2, eight windings 13 that are arranged in a circle 

and electrically connected in series form a coil. Corresponding to the three phases of the elec

tric current, three of these coils are combined with the coil carrier 15 in the coil disc 6 and the 

coil module 18.  

In further embodiments, it is also possible to bond two or more coil discs 6 together or other

wise connect them to each other in a material-locking or force-locking manner to obtain the 

coil module 18. A size of the cavity between the active regions 16 can be adjusted by changing 

the cross-section of the coil structure formed by the windings 13.  

Although not explicitly shown in Figure 2, the coil carrier 15 is configured such that a cooling 

channel is formed when two such coil carriers 15 are placed on top of each other. Further, the 

coil carrier 15 is provided with the ceramic delimitations disclosed within the scope of the pre

sent specification.  

Figure 3 shows a schematic side view of corresponding cross-section changes on the coil disc 6.  

In Figure 3, a winding 13 is schematically shown on the left under the ratio 1:1, in which the 

passive regions 17a and 17b are only half as thick as the active regions 16. In a single coil disc 6, 

only the passive regions 17a and 17b always overlap partially (and never completely), but never 

the active regions 16. The thicker active regions 16 are arranged one behind the other in the 

same plane in the left illustration of Figure 3, while the passive regions 17a and 17b are only 

half as thick due to the cross-section change, and, due to the different planes, result in an over

all ratio between active regions 16 and passive regions 17a and 17b of 1:1, i.e. the sum of the
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thicknesses of the passive regions 17a and 17b is exactly equal to the thickness of the active re

gions 16 in cross-section.  

In the middle drawing in Figure 3 with the ratio 1:1.5, the coil disc 6 is again shown in cross-sec

tion. As a result of the overlap, the passive regions 17 are now just 1.5 times thicker in total in 

the cross-sectional view than the active regions 16, which require less installation space in side 

view due to their arrangement one behind the other. The two embodiments shown under 1:1.5 

show different plane changes, resulting in one cavity on the right of active region 16 in the first 

embodiment (left) and two cavities on both sides of active region 16 in the second embodiment 

(right). The magnets of the magnet arrangement can be inserted into cavities configured in 

such a manner, thus reducing the axial distance or gap between the active regions 16 and the 

permanent magnets 5 (even if said distance or gap cannot disappear completely). The available 

installation space is thus utilized more efficiently. Alternatively, the cavities that form can also 

be used for cooling.  

Finally, a ratio of 1:0.7 is shown on the right side of Figure 3. The three embodiments shown il

lustrate a configuration of cavities by corresponding changes of cross-section and plane in the 

passive regions 17a and 17b. These cavities can also be used for cooling. In the described em

bodiments, flexible strands made of copper or aluminum with a diameter of less than 2 mm, 

namely 1.2 mm in the embodiment shown, are preferably used for the windings 13, which con

sist of several individual wires electrically insulated from one another with a diameter of less 

than 0.2 mm, but typically 0.05 mm in the embodiment shown.  

A cavity formed between the active regions 16 which are configured as webs of the coil discs 6 

forming the coil module 18 can be used for the flow of a cooling medium. In this case, for hy

draulic sealing, the coil discs 6 are covered on a side facing the magnetic disc 4 with a fluid-tight 

film made of an electrically non-conductive material, so that the coil module 18 formed by a 

plurality of coil discs 6 is sealed off from the outside. The cavities can be rectangular, triangular 

or trapezoidal and have complex shapes, respectively.  

In Figure 4, a plan view of one of the windings 13 is shown on the left side of the Figure, corre

sponding to the illustration in Figure 2. It is clear from the sectional view through the winding 

13 shown on the right side of Figure 4 that the thickness is greater in the active regions 16 than 

in the passive regions 17a and 17b.  

As in Figure 2, the circles Kl and K2 represent the extent of the active regions 16.  

Figure 5 shows a coil module 18 in a plan view corresponding to Figure 2 in which two coil discs
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6 are arranged one behind the other in the axial direction and are each embedded in a coil car

rier ring 20 supplementing the coil carrier 15, wherein from the windings 13, electrical contacts 

19 are led out of the coil carrier ring 20. In this embodiment, the coil carrier ring 20 is made of a 

glass fiber epoxy resin fabric.  

Figure 6 shows a sectional view of the coil module 18, wherein the two combined coil discs 6 

are arranged in such a way that a cavity 21is formed between the active regions 16 of the two 

coil discs 6, forming the cooling channel described in the context of the present specification.  

Since the coil discs are sealed in a fluid-tight manner by means of a foil, a cooling medium can 

be introduced into this cavity 21.  

Figure 7 shows an inner side of a coil disc 6 of a coil module for an electrical machine, on the 

basis of which the cooling geometry is explained in more detail. The coil disc 5 comprises a coil 

carrier 15 made of an electrically insulating material and at least one winding 13 made of an 

electrically conductive material, which is arranged circumferentially around a center 14 of the 

at least one coil disc 6 on or in the coil disc 6.  

Advantageously, the windings 13 are the windings described in more detail in the context of the 

present specification with active regions 16 and passive regions 17a, 17b, wherein the active 

regions 16 of different windings 13 do not overlap one another, but each passive region 17a, 

17b of one of the windings 13 in each case partially overlaps the corresponding passive regions 

17a, 17b of the two immediately adjacent windings 13, and in the active regions 16 the respec

tive winding 13 have a greater thickness in cross-section in the axial direction than in the pas

sive regions 17. However, the winding 13 may also be a different type of winding. For example, 

the at least one winding 13 can also be configured in the form of at least one winding arranged 

in a meandering manner around the center 14.  

The coil disc 6 further comprises a substantially annular recess 22. The recess 22 is located on 

the inner side of the coil disc 6, i.e. the side facing the other coil disc in the coil module, such 

that the recess 22 is enclosed within the two coil discs to form the cooling channel. The recess 

22 comprises an outer edge 24 and an inner edge 26, starting from which the recess 22 is re

cessed with respect to the remaining surface of the coil disc 6. That means, apart from the re

cess 22, the inner face of the coil disc 6 lies substantially in a plane, so that the edges 24 and 26 

each represent the transition from the planar inner face of the coil disc 6 to the recess 22. Alt

hough the recess 22 is drawn in an exact annular shape in this embodiment, it need not be an 

exact annular shape according to the invention. The recess 22 extends substantially around the 

center 14 and is not located at the center 14 itself. However, the recess 22 may comprises a
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plurality web or webs discussed in more detail elsewhere in the present specification, which in

terrupts/interrupt the recess 22. Further, the inner edge 26 and/or outer edge 24 of the recess 

22 need not be exactly annular and may have, for example, a polygonal or irregular shape.  

The inner edge 26 of the recess 22 is located at the area of the transition from the active re

gions 16 to the inner passive regions 17a of the windings 13. The outer edge 24 of the recess 22 

is located at the radially outermost area of the outer passive regions 17b of the windings 13.  

This arrangement of the recess 22 may be advantageous since the radially inner passive regions 

17a are thicker than the radially outer passive regions 17b due to the limited space, and the in

ner passive regions 17a of immediately adjacent windings 13 each overlap in contrast to the ac

tive regions 16 so that the summed thickness in the axial direction of the radially inner passive 

regions 17a is greater than the thickness of the active regions 16. Therefore, space for the re

cess 22 is available in the region of the active regions 16 and optionally in the region of the 

outer passive regions 17b. Alternatively, the outer edge 24 of the recess 22 can also be located 

at the transition between active regions 16 and radially outer passive regions 17b.  

It should be mentioned that if the electric machine is designed as optimally as possible, it may 

be advantageous to arrange the recess 22 as described. However, the recess 22 can also be ar

ranged differently, e.g. if compromises are made for the space requirement, performance 

and/or degree efficiency.  

The recess 22 may have different cross-sections, as exemplified in Figures 8A to 8D. Figures 8A 

to 8D each show a sectional view of the plane B-B shown in Figure 7.  

Although not explicitly shown, the coil disc 6 comprises a ceramic delimitation described in the 

context of the present patent specification which separates the coil carrier 15 from the coolant 

channel formed by the recess 22 so that the material of the coil carrier 15 does not absorb the 

coolant (particularly aqueous coolant).  

Figure 8A shows a recess 22 having a rectangular cross-section. The recess 22 has an outer lat

eral surface 30, a bottom surface 28, and an inner lateral surface 32, wherein the inner and 

outer lateral surfaces 30, 32 are each orthogonal to the bottom surface 28 and the bottom sur

face 28 is parallel to the inner side of the coil disc. Thus, the recess 22 has a constant depth 34 

along the radial direction from the inside to the outside, i.e. from the inner edge 26 to the 

outer edge 24.  

Figure 8B shows a recess 22 with a trapezoidal cross-section. In contrast to the cross-section 

shown in Fig. 8A, the lateral walls 30 and 32 are not orthogonal to the bottom surface 28 but
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are inclined towards the bottom surface 28, so that the depth of the recess 22 increases stead

ily towards the bottom surface 28 in the region of the lateral walls 30, 32. In the region of the 

bottom surface 28, the height may again be constant as described with respect to Figure 8A.  

Fig. 8C shows a recess 22 with a depth 34a, 34b increasing in the radial direction from the in

side to the outside, i.e. from the inner edge 26 to the outer edge 24. That means that the bot

tom surface 28 is at least partially not parallel to the inner side of the coil disc. For example, a 

portion of the bottom surface 28, such as a radially outer portion of the bottom surface 28, 

may be parallel to the inner side of the coil disc, whereas another portion of the bottom surface 

28, such as a radially inner portion of the bottom surface 28, may be inclined such that the 

depth 34a, 34b of the recess 22 increases from radially inside to radially outside. Furthermore, 

the inner lateral surface 32 and the outer lateral surface 30 may each be orthogonal or angled 

to the inner side of the coil disc. In the present Example, the outer lateral surface 30 is orthogo

nal to the inner side of the coil disc, whereas the inner lateral surface 32 is angled thereto.  

The recess 22 may be arranged in the coil disc in such a way that the part of the bottom surface 

28 described above, which is parallel to the inner side of the coil disc, is located the area of the 

radially outer passive regions 17b of the windings, including their radially extending regions in 

which a cross-section change takes place. The inclined part of the bottom surface 28 is located 

in the region of the fanned-out active regions of the windings. The inner lateral surface 32 lies 

in the region of the inner passive regions of the windings, in which a cross-section change oc

curs.  

This cross-section of the recess 22 shown in Fig. 8C may be given in particular when the active 

regions of the windings are "fanned out" as explained in the present patent specification. Said 

shape of recess is also called "V-Cooling" geometry.  

Figure 8D shows a cross-section of a recess 22 in which the transitions from the inner side of 

the coil disc to the inner lateral surface 32, to the bottom surface 28 and to the outer lateral 

surface 30 are steady and/or continuous. Such steady and/or continuous transitions are also 

possible for the cross-sections shown in Figs. 8A to 8C.  

The recesses shown in Figs. 8A to 8D may comprise a ceramic delimitation disclosed as part of 

the present specification.  

The recess 22 may also comprise a cross-sectional shape resulting from a combination of the 

cross-sections shown in Figs. 8A to 8D.
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Figures 9A and 9B show a plan view of a winding 13, by means of which the "fanning out" dis

closed in the context of the patent specification is explained in more detail. The winding com

prise two radially extending active regions 16 and an inner tangentially extending passive re

gion 17a and an outer tangentially extending passive region 17b, each connecting the two ac

tive regions 16. As disclosed in the context of the present patent specification, the thickness in 

the axial direction of the winding 13 in the region of the active regions 16 is greater than the 

thickness in the axial direction of the passive regions 17a, 17b. Adjacent to the active regions 

16, the passive regions 17a, 17b comprise short radial regions 35 and 36 in which cross-section 

changes of the respective winding 13 occur, each of which may also be accompanied by a plane 

change. Such transition regions can also be located in the active regions 16.  

The active regions 16 have a fanned-out geometry. That means, in the radial direction from the 

inside to the outside, the width in the tangential direction of the winding 13 increases in the ac

tive regions 16, i.e. the width in the tangential direction of the winding 13 in the active regions 

16 has a minimum value 38 at the radially innermost point, which is adjacent to the inner cross

section change 35, and a maximum value 40 at the radially outermost point, which is adjacent 

to the outer cross-section change 36. The width of the winding in the cross-section changes 35, 

36 may be within and/or outside these values. The thickness in the axial direction of the wind

ing in the active regions 16 decreases in the radial direction from the inside to the outside, i.e.  

takes a maximum value 42 at the radially innermost point, which is adjacent to the inner cross

section change 35, and a minimum value 44 at the radially outermost point, which is adjacent 

to the outer cross-section change 36. In the cross-section changes 35, 36, the thickness of the 

winding may be within and/or outside these values. The cross-section region of the winding 13 

in the active regions 16 remains essentially constant along the radial direction.  

This form of winding with the fanned-out active regions 16 can be advantageously combined 

with the recess shown in Fig. 8C, i.e. the "V-Cooling" geometry. This is shown, for example, in 

Fig. 10.  

Figure 10 shows a sectional view through a coil module 18. The coil module comprises first and 

second coil discs 6, each having windings 13 that have the fanned-out geometry shown in Figs.  

9A and 9B. The first and second coil discs 6 each have a substantially annular recess 22 extend

ing from the inner cross-section changes 35 of the windings 13 to the outer passive regions 17b 

of the windings, respectively. Between the cross-section changes 35 and 36, the depth of the 

recesses 22 increases continuously from radially inward to radially outward, so that the re

cesses have the so-called "V-cooling" geometry.  

Herein, both the first and second coil discs 6 each have a recess 22 that are precisely opposite
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each other when the coil module 18 is assembled, thereby confining and forming the cooling 

channel23.  

Figures 11A and 11B each show a plan view of the inner side of a first coil disc 6a and a second 

coil disc 6b, which are intended to be assembled into a coil module. For sake of conciseness, 

the windings are not shown in these Figures. The first coil disc 6a and the second coil disc 6b 

each comprises a substantially annular recess 22a, 22b. Furthermore, in the recess 22a a web 

38a is formed and in the recess a web 38b is formed, the top of each of which located in the 

same plane as the rest of the inner side of the coil disc 6a, 6b (i.e. apart from the recess 22a, 

22b).  

The first coil disc 6a further comprises an inlet hole 40a, an inlet channel 44, and an outlet hole 

42a. The inlet channel 44 forms an inlet opening 43 in the lateral surface of the recess 22a. The 

second coil disc 6b comprises an inlet hole 40b, an outlet hole 42b, and an outlet channel 46 

that forms an outlet opening 45 in the lateral surface of the recess 22b.  

In the assembled state of the coil module, this arrangement allows the coolant to flow through 

the inlet opening 40a, b, the inlet channel 44, the inlet opening 43 into the coolant channel 

formed by the recesses 22a, 22b and subsequently through the outlet opening 45 into the out

let port 46 and the outlet hole 42a, b as visualized by arrows.  

The electrical machine typically comprises several such coil modules connected to each other 

via coil spacers. The coil spacers comprise corresponding inlet and outlet holes so that, when 

assembled, all inlet holes line up and all outlet holes line up. In the coil module or coil spacer 

located at an axial end of the electric machine, the inlet and outlet holes can be omitted in this 

case. Through the inlet and outlet holes in the coil module or spacer, which is located at the op

posite axial end of the electrical machine, the coolant can be supplied and discharged.  

Figures 12A, 12B and 12C illustrate a coil module used to explain the "fanning out" of active re

gions and "V-cooling" disclosed herein.  

Fig. 12A shows a perspective view of the coil module 18. The coil module comprises a first coil 

disc 6a and a second coil disc 6b. The first coil disc 6a and the second coil disc 6b are attached 

to each other such that their respective inner sides face each other. The two recesses 22a, 22b 

provided on the inner side in each case thus face each other or lie on each other, so that they 

form a cooling channel 23 between the coil discs 6a, 6b.  

The first coil disc 6a and the second coil disc 6b each comprise a plurality of windings 13. These
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windings 13 of a respective coil disc 6a, 6b may be designed differently. A first group of wind

ings 13a are located in a first plane, such that both the active regions 16a and the passive re

gions are located in the first plane. A second group of windings 13b is arranged such that the 

tangential regions lie in a second plane which is offset from the first plane, and the active re

gions 16b are located in the first plane. The plane change occurs at the transitions to the active 

regions 16b. A third group of windings 13c is arranged such that the tangential regions are lo

cated in both the first plane and the second plane, so that a plane change occurs in the tangen

tial regions. Additionally, a plane change occurs between the portion of the tangential region 

that are located in the second plane and the active region 16c that lies in the first plane. In this 

way, all active regions 16a, 16b and 16c of each of the coil discs 6a, 6b lie in a first plane.  

Fig. 12B shows a plan view of the coil module 18. The windings comprise active regions 16 and 

passive regions 17a, 17b as disclosed herein. It is readily apparent that the active regions 16 of 

the windings 13 comprise the fanned-out shape described herein.  

Furthermore, the windings 13a, 13b and 13c shown in Fig. 12A are shown. It is clearly visible 

that their adjacent active regions 16a, 16b, 16 are substantially adjacent to each other, so that 

there is preferably no gap.  

Fig. 12C shows a perspective view of the coil module 18 with some of the windings omitted, so 

that the channel 23 between the first coil disc 6a and the second coil disc 6b is clearly visible.  

That means that between the windings 13d of the first coil disc 6a and the windings 13e of the 

second coil disc a space is formed which increases in axial height (or thickness in the axial direc

tion) from radially inward to radially outward.  

Fig. 13A shows a perspective view of a coil module 18 in an embodiment of the invention. The 

coil module comprises a first coil disc 6a and a second coil disc 6b. The first coil disc 6a com

prises a first coil carrier 15a and a first coil carrier ring 20a that radially surrounds the first coil 

carrier 15a on the outside. Correspondingly, the second coil disc 6b comprises a second coil car

rier 15b and a second coil carrier ring 20b radially surrounding the second coil carrier on the 

outside. The first and second coil carriers 15a, 15b each have windings 13 embedded therein, as 

disclosed in the context of this specification. The windings 13 comprise substantially radially ex

tending active regions 16 and substantially tangentially extending inner passive regions 17a and 

outer passive regions 17b. The windings 13 are electrically connected to contacts 19.  

Fig. 13B shows a plan view of the coil carrier shown in Fig. 13A.  

Fig. 13C shows a cross-section along the sectional plane A-A shown in Fig. 13B. As shown in Fig.
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13C, the first and second coil discs 6a and 6b are configured such that a substantially annular 

cooling channel 23 is formed between them. According to this embodiment, the cooling chan

nel 23 extends in a radial area of the coil discs 6a and 6b and coil carriers 15a and 15b in which 

the active regions 16 and the outer passive regions 17b of the windings 13 are arranged.  

The coil module 18 further comprises first and second ceramic delimitations 56a and 56b, a ra

dially inner ceramic delimitation 57 and a radially outer ceramic delimitation 58 surrounding 

the cooling channel 23 and delimiting it from the first coil carrier 15a and second coil carrier 

15b.  

Fig. 13D shows a cross-section along the sectional plane B-B shown in Fig. 13B. Fig. 13D also 

shows the inlet opening 54 and the outlet opening 55. It is also shown that the first and second 

ceramic delimitations 56a and 56b, respectively, each comprise an opening 62 and 61 corre

sponding to inlet opening 54 and outlet opening 55, respectively. In this manner, coolant can 

enter and flow through the cooling channel 23 through the inlet opening 54 and exit through 

the outlet opening 55. Furthermore, the seals 56a, 56b, 57 and 58 ensure that the coolant does 

not come into contact with the material of the coil carriers 15a and 15b.  

Figure 14A shows a coil disc 6, such as is installed in the coil module 18 shown in Figures 13A-C, 

for example. The coil disc 6 comprises a coil carrier 15, which contains the windings disclosed in 

the context of the present specification, and a coil carrier ring 20.  

The coil carrier 15 comprises a radially inner region 50 and a radially outer region 51, wherein 

the radially inner region 50 is raised relative to the radially outer region 51. In other words, the 

radially inner region 50 comprises a greater axial thickness than the radially outer region 51. In 

the radially inner region 50, the radially inner passive regions of the windings are arranged. In 

the radially outer region 51, the active regions and the radially outer regions of the windings 

are arranged. The coil carrier ring 20 is again raised relative to the radially outer region 51of 

the coil carrier 15, so that it is substantially at the same level as the radially inner region 50 of 

the coil carrier 15. In the assembled state of the first coil disc and the second coil disc, the radi

ally inner regions 50 of the first coil carrier 15 and the second coil carrier rest on one another.  

In this way, when two coil discs 6 with mirrored structure are joined, a cooling channel is 

formed between the two coil discs and in a region between the coil carrier ring 20 and the radi

ally inner region 50 of the coil carrier 15.  

The coil carrier ring 20 further comprises an inlet opening 54 and an outlet opening 55. Around 

the inlet opening 54, the coil carrier ring 20 comprises a recessed region 52 that is substantially
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at the same level as and merges into the radially outer region 51 of the coil carrier 15. Around 

the outlet opening 55, the coil carrier ring 20 comprises a recessed region 53 that is substan

tially at the same level as and merges into the radially outer region 51 of the coil carrier 15.  

In Fig. 14A, the coil disc 6 is shown without ceramic delimitation.  

Fig. 14B shows the coil disc 6 shown in Fig. 14A with the ceramic delimitation 56. The ceramic 

delimitation 56 is substantially in the form of an annular disc arranged in the radially outer re

gion 51and in the recessed regions 52 and 53 of the coil carrier ring. In other words, the sub

stantially annular ceramic disc 56 has two projections 59 and 60 corresponding to the recessed 

regions 52 and 53 of the coil carrier ring 20.  

Fig. 14B further shows that the coil disc 6 comprises a radially inner delimitation 57 surrounding 

the radially inner edge of the annular ceramic disc 56. The coil disc 6 further comprises a radi

ally outer delimitation 58 surrounding the radially outer edge of the annular ceramic disc 56.  

The annular ceramic disk 56 further comprises two openings 61and 62 corresponding to the 

inlet opening 54 and outlet opening 55.  

In this way, the cooling channel is completely delimited from the surrounding material of the 

coil carrier 15 and the coil carrier ring 20.  

For example, the coil disc 6 is a first coil disc and the ceramic delimitation 56 is a first coil disc.  

The coil module disclosed as part of the present specification further comprises a second coil 

disc substantially corresponding to a coil disc mirrored to the coil disc 6, and a second ceramic 

delimitation.  

Fig. 15A shows a first or second ceramic delimitation 56. The ceramic delimitation 56 comprises 

a plurality of connecting elements 53 oriented in the perpendicular direction to the ceramic de

limitation 56. In the coil module having two ceramic delimitations 56, the connecting elements 

53 connect the first and second ceramic delimitations.  

Fig. 15B shows a first or second ceramic delimitation 56 with connecting elements 64 config

ured in the form of guiding structures or guiding ribs. These connecting elements 64 connect 

the first and second ceramic delimitations in the coil module with two ceramic delimitations 56.  

Fig. 16 shows a ceramic delimitation 56. The ceramic delimitation 56 has a plurality of projec-
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tions 65 that are in the form of "pie pieces" or sectors of a circle. The projections 65 are config

ured to project into corresponding gaps formed in the coil carrier between two adjacent active 

regions of the windings.  

Fig. 17 shows a vehicle 150 having an electric machine 152 disclosed in the present specifica

tion.  

Fig. 18 shows a machine tool 154 having an electric machine 156 disclosed in the context of the 

present specification.  

Features of the various embodiments disclosed only in the Examples may be combined and 
claimed individually.
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CLAIMS 

1. A coil module (18) for an electric machine, comprising: 

a first coil disc (6, 6a) with a first coil carrier (15, 15a) made of an electrically insulating ma

terial, at least one winding (13) embedded in the first coil carrier (15, 15a) and made of an 

electrically conductive material, and a first ceramic delimitation (56, 56a); 

a second coil disc (6, 6b) with a second coil carrier (15, 15b) made of an electrically insulating 

material, at least one winding (13) embedded in the second coil carrier (15, 15b) and made 

of an electrically conductive material, and a second ceramic delimitation (56, 56b); 

wherein the first coil disc (6, 6a) and the second coil disc (6b) are configured and attached to 

each other such that a substantially annular cooling channel (23) for a coolant is formed 

between the first coil disc (6, 6a) and the second coil disc (6b); and 

wherein the first ceramic delimitation (56, 56a) and the second ceramic delimitation (56, 

56b) each form at least partially an inner wall of the substantially annular cooling channel 

(23).  

2. The coil module (18) according to claim 1, wherein the first and/or second ceramic delimita

tion (56, 56a, 56b) comprise/comprises an aluminum-based and/or silicon-based ceramic, 

preferably a material selected from the group consisting of aluminum oxide, aluminum ni

tride, silicon carbide and silicon nitride.  

3. The coil module (18) according to any one of the preceding claims, wherein the first ceramic 

delimitation (56, 56a) forms the inner wall of the substantially annular cooling channel (23) 

in the entire radial region of the substantially annular cooling channel; and/or 

wherein the second ceramic delimitation (56, 56b) forms the inner wall of the substantially 

annular cooling channel (23) in the entire radial region of the substantially annular cooling 

channel.  

4. The coil module (18) according to any one of the preceding claims, wherein the first ceramic 

delimitation (56, 56a) comprises a first ceramic disc arranged on the first coil carrier (15, 15a) 

and/or the second ceramic delimitation (56, 56b) comprises a second ceramic disc arranged 

on the second coil carrier (15, 15b); 

wherein the first ceramic disc (56, 56a) and/or the second ceramic disc (56, 56b) preferably 

have/has a thickness between 0.1 mm and 1 mm, preferably between 0.2 mm and 0.8 mm, 

further preferably between 0.35 mm and 0.7 mm.  

5. The coil module (18) according to any one of claims 1 to 3, 

wherein the first ceramic delimitation (56, 56a) comprises a first ceramic coating applied to
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the first coil carrier (15, 15a) and/or the second ceramic delimitation (56, 56b) comprises a 

second ceramic coating applied to the second coil carrier (15, 15b); 

wherein the first ceramic coating and/or the second ceramic coating preferably have/has a 

thickness between 1 pm and 100 pm, preferably between 1 am and 50 pm, further prefera

bly between 1 am and 30 lm.  

6. The coil module (18) according to any one of the preceding claims, wherein the first coil 

carrier (15, 15a) and/or the second coil carrier (15, 15b) comprise/comprises a substantially 

annular recess; and 

wherein the first ceramic delimitation (56, 56a) and/or the second ceramic delimitation (56, 

56b) are/is provided in form of a substantially annular ceramic disc which is arranged in the 

substantially annular recess (22) on the first coil carrier and/or second coil carrier.  

7. The coil module (18) according to any one of the preceding claims, further comprising: 

at least one connecting element (63, 64) which is arranged in the substantially annular cool

ing channel (23) and connected to, preferably integrally formed with, both the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b); 

wherein the at least one connecting element (63, 64) preferably 

" comprises an aluminum-based and/or silicon-based ceramic, preferably a material se

lected from the group consisting of aluminum oxide, aluminum nitride, silicon carbide and 

silicon nitride; and/or 

" wherein the at least one connecting element (63, 64) is preferably adhered to or integrally 

formed with the first ceramic delimitation and/or the second ceramic delimitation; and/or 

" comprises a strut preferably arranged perpendicularly to the first and/or second coil disc 

(6, 6a, 6b); and/or 

" comprises a rib extending in parallel to the first and/or second coil disc (6, 6a, 6b).  

8. The coil module (18) according to any one of the preceding claims, further comprising a ra

dially inner ceramic delimitation (57) and a radially outer ceramic delimitation; 

wherein the radially inner ceramic delimitation (57) is preferably collar-shaped and/or ring

shaped and, viewed in the radial direction, is arranged inside adjacent to the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b); and 

wherein the radially outer ceramic delimitation (58) is preferably collar-shaped and/or ring

shaped and, viewed in the radial direction, is arranged outside adjacent to the first ceramic 

delimitation (56, 56a) and the second ceramic delimitation (56, 56b).  

9. The coil module (18) according to any one of the preceding claims, wherein the first coil disc 

(6, 6a) and/or the second coil disc (6, 6b) comprises an inlet opening (43, 54) for conducting
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coolant into the substantially annular cooling channel (23); and/or 

wherein the first coil disc (6, 6a) and/or the second coil disc (6, 6b) comprises an outlet open

ing (45, 55) for conducting coolant from the substantially annular cooling channel (23) to the 

outside.  

10. The coil module (18) according to any one of the preceding claims, wherein a plurality of 

individual windings (13) made of an electrically conductive material are embedded in the 

first coil carrier (15, 15a), each of which is embedded in the first coil carrier (15, 15a) circum

ferentially around a center (14) of the first coil carrier (15, 15a), 

wherein a plurality of individual windings (13) made of an electrically conductive material 

are embedded in the second coil carrier (15, 15b), each of which is embedded in the second 

coil carrier (15, 15b) circumferentially around a center (14) of the second coil carrier (15, 

15b), 

wherein each of the windings (13) comprises two active regions (16) extending radially from 

the center (14) and two passive regions (17b) extending tangentially at its radially outer and 

inner edges, and 

wherein, in a plan view of the coil disc (6, 6a, 6b), the active regions (16) of different windings 

(13) do not cover each other, but each passive region (17a, 17b) of one of the windings (13) 

partially covers the corresponding passive regions (17a, 17b) of the two directly adjacent 

windings (13), wherein, in the axial direction the respective winding (13), in cross-section, 

has a greater thickness in the active regions (16) than in the passive regions (17a, 17b).  

11. The coil module (18) according to claim 10, wherein adjacent active regions (16) of the plu

rality of individual windings (13) of the first coil disc (6, 6a) and the second coil disc (6, 6b) 

are spaced apart from each other in the tangential direction so that a gap is arranged be

tween the adjacent active regions (16), and 

wherein each of the first ceramic delimitation (56, 56a) and the second ceramic delimitation 

(56, 56b) comprises projections (65) which extend into the gaps arranged between the adja

cent active regions (16).  

12. The coil module (18) according to claim 10 or 11, wherein the cooling channel (23) is ar

ranged at least in the region of the radially extending active regions (16) and preferably also 

in the region of the radially outer passive regions (17b).  

13. The coil module (18) according to any one of claims 10 to 12, wherein the windings are 

formed of a fine strand of a plurality of wires electrically insulated from each other and hav

ing a wire diameter of less than or equal to 0.1 mm.
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14. An electric machine comprising a bearing arrangement (1, 3) and a shaft (2) guided in the 

bearing arrangement (1, 3), wherein at least one magnet module (4) comprising a plurality 

of permanent magnets (5) and at least one coil module (18) according to any one of the 

preceding claims are concentrically arranged along the shaft (2).  

15. A vehicle (150) or machine tool (154) comprising an electric machine according to claim 14.
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