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ABSTRACT (57) 

The invention relates to a stator arrangement for an electric 
WASHINGTON’ DC 20006'1608(Us) machine having a stator ring that is closed at its inside 

circumference and has stator poles at its outside circumfer 
ence, Wherein the stator ring is built up of a plurality of 

(21) Appl. No.: 11/302,141 substantially identical T-shaped segments and Wherein each 
of the T-shaped segments has a main leg having a head and 

(22) Filed: Dec. 14, 2005 a base and tWo arms protruding sideways from the head of 
the main leg, the main legs of the T-shaped segments are 
aligned in a radial direction and the T-shaped segments are 
arranged adjacent to each other With alternating orientation 
of the head and base of the main leg such that they 
complement one another to form the stator ring. 

(30) Foreign Application Priority Data 

Jan. 3, 2005 10 2005 000 643.3 





Patent Application Publication Jul. 6, 2006 Sheet 2 0f 2 US 2006/0145563 A1 

Fig. 2 



US 2006/0145563 A1 

STATOR ARRANGMENT FOR AN ELECTRIC 
MACHINE 

FIELD OF THE INVENTION 

[0001] The invention relates to a stator arrangement for an 
electric machine. 

[0002] A main ?eld of application for the invention is in 
brushless DC motors and other electric motors, such as 
permanent magnet motors, that are con?gured as outer rotor 
motors. The invention, hoWever, is not limited to this 
application and can generally be applied to many different 
kinds of electric motors or generators. 

BACKGROUND OF THE INVENTION 

[0003] Electric motors having an outer rotor con?guration 
have a stator arrangement made up, for example, of a 
number of stacked stamped metal laminations Which form 
an annular stator back yoke and stator teeth that protrude 
outWards from the stator back yoke. Phase Windings are 
mounted on the stator teeth. The stator arrangement is 
inserted coaxially into a rotor arrangement. As a rule, the 
rotor arrangement comprises a back yoke ring on Whose 
inside circumference one or more magnets are mounted. The 
magnets may also be embedded in the rotor body. 

[0004] In the manufacture of stator arrangements for inner 
or outer rotor motors from stacked stamped metal lamina 
tions, there is alWays a certain amount of material Waste, the 
useful electromagnetic surface being signi?cantly smaller 
than the surface of the blank. This problem is particularly 
serious for outer rotor motors having a large diameter 
because the stator rings generally have a relatively large 
inside circumference, the inner circle of the respective sheet 
metal blank remaining unused. If the inside core of the stator 
Were not cut aWay, this Would result in a considerable 
increase in the Weight of the motor, Which is equally 
undesirable. 

[0005] In the prior art, stator arrangements have been 
developed that comprise a multi-part stator body. Stator 
bodies are knoWn in Which each stator tooth forms an 
individual component and the stator teeth are either directly 
connected to one another or connected via a separate ring. 
The individual stator teeth are inserted one inside the other 
in the Way of tongue and groove joints, for example, and 
kept together by an interference ?t. It is also knoWn to slide 
individual stator teeth onto a stator back yoke ring. 
Examples of these kinds of multi-part stators can be found 
in Us. Pat. No. 6,359,335; WO 02/47238; U.S. Pat. No. 
5,786,651; DE 198 42 948; EP 0 915 553; US Pat. No. 
6,049,153; US Pat. No. 5,796,195; EP 1 014 536; WO 
02/47240; US Pat. No. 6,555,942 and DE 101 43 870. In 
these kinds of multi-part stators, each stator tooth, or pole 
shoe respectively, can be Wound separately and subse 
quently connected to the other stator teeth. The advantage of 
a multi-part stator body is that the individual parts can be 
produced With less Waste. Particularly When each section 
includes a pole shoe, each pole shoe can be so con?gured 
that it receives a prefabricated coil. When the coils have 
been mounted onto the respective pole shoes, the stator 
sections are connected to each other and so arranged that, 
together With a stator back yoke ring, they form the complete 
stator. The greater proportion of the above-mentioned docu 
ments relate to inner rotor motors. 
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[0006] Applying phase Windings to multi-part stator 
arrangements is easier than Winding conventional single 
part stator arrangements for outer or inner rotor motors. 
Although the prefabricated coils have to be mounted and 
connected in an extra production step, Winding the stators is 
nevertheless made easier and quicker as a Whole thanks to 
the possibility of using prefabricated coils. The use of thick 
coil Wires in combination With thin pole gaps is made 
particularly easy using multi-part stator arrangements. 

[0007] The problem arising in the manufacture of multi 
part stator arrangements is that the individual stator teeth 
have to be connected together and held together in an 
appropriate Way. This has generally been solved in the prior 
art by mounting the stator teeth onto a continuous stator ring. 
In other knoWn embodiments, the stator teeth are coupled to 
each other using tongue and groove joints or similar means. 

[0008] It is an object of the invention to provide a stator 
arrangement for an electric machine, particularly an outer 
rotor motor, that has a simple construction, that is manu 
factured With little Waste and Which can be Wound and 
assembled With out any problems. 

SUMMARY OF THE INVENTION 

[0009] The invention provides a stator arrangement for an 
electric machine having a stator ring that is closed at its 
inside circumference and has stator poles on its outside 
circumference. The stator ring is built up of a plurality of 
substantially identical T-shaped segments, each T-shaped 
segment comprising a main leg having a head and a base and 
tWo arms protruding sideWays from the head of the main leg. 
Within the stator ring, the main legs of the T-shaped seg 
ments are aligned in a radial direction With the T-shaped 
segments being arranged adjacent to each other With alter 
nating orientation of the head and base of the main legs such 
that they complement one another to form the stator ring. 
The invention makes it possible for a stator for an outer rotor 
motor to be built up from a plurality of identical components 
that can be die-cut from sheet metal With minimum Waste. 
The basic element of the stator arrangement is T- shaped. The 
“Ts” are arranged With alternating orientation such that the 
arms of every second T come to lie on the inner circle of the 
stator arrangement, Where, together With the bases of the 
other Ts, they form a closed back yoke, and that the arms of 
each of the other “Ts” come to lie at the outer circle of the 
stator arrangement Where they form stator poles. Building 
up the stator arrangement from a plurality of identical 
segments makes it possible to reduce the Waste considerably 
during the manufacture of the stator laminations and thus to 
reduce the costs as Well. 

[0010] The stator arrangement according to the invention 
is further suitable for manufacturing stators having different 
numbers of poles and diameters using the substantially 
identical T-shaped segments. To change the number of poles 
or the diameter of the stator arrangement, more or feWer 
T-shaped segments need simply be joined to form a stator 
ring, the contact surfaces of the arms and bases of the 
T-shaped segments preferably being adjusted to the respec 
tive radius of curvature of the stator arrangement. 

[0011] The design and construction according to the 
invention also makes it very simple to mount coil Windings 
onto the stator poles. A Winding can be easily mounted onto 
a separate T-shaped segment, the coil either being Wound 
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directly onto the T-shaped segment or a prefabricated coil 
being slid onto the segment. The T-shaped segments are 
subsequently joined together to form a stator ring, the 
radially outer arms of the T-shaped segments forming pole 
shoes. Phase Windings are preferably only applied to these 
segments. 

[0012] It is also expedient if the phase Windings are Wired 
up via a stator carrier only after the T-shaped segments have 
been connected. 

[0013] Alongside its ?exible construction, the stator 
arrangement according to the invention has the advantage 
that the individual ring segments can be produced With less 
Waste than can a stator constructed as one-piece and also 
With less Waste than the Well-knoWn stator arrangements 
having a back yoke ring and individual stator teeth mounted 
on the back yoke ring. The ring segments can further be 
die-cut from stator laminations in such a Way that they all 
have the same preferred magnetic direction thus improving 
the magnetic properties of the electric machine. 

[0014] In a preferred embodiment of the invention, the 
stator ring is held together at its inside circumference by the 
combination of a clamping sleeve and a clamping ring. The 
clamping sleeve is inserted from one end face of the stator 
arrangement into the central aperture and lies against the 
inside circumference of the stator ring. The clamping ring is 
guided onto the clamping sleeve from the opposite end face 
in order to hold these tWo parts together. The clamping 
sleeve and/or clamping ring preferably have positioning 
means that interact With the T-shaped segments in order to 
position and ?x the clamping sleeve and the clamping ring 
With respect to the stator ring. For example, provision can be 
made for positioning nubs to be formed on the surfaces of 
the clamping sleeve and/or the clamping ring facing the 
stator arrangement, the positioning nubs engaging in corre 
sponding recesses in the T-shaped segments. 

[0015] In addition, the stator ring can be held together at 
its outside circumference by means of at least one locking 
ring or an adapter sleeve. Since, in the completely assembled 
electric machine, the locking ring or the adapter sleeve 
comes to lie in the air gap betWeen the stator and the rotor, 
it should be as thin as possible and made of a material that 
has poor ferromagnetic conductivity. 

[0016] The invention also provides a method of manufac 
turing a stator arrangement of the kind described above. 
According to the invention, a phase Winding is mounted on 
every second T-shaped segment before the T-shaped seg 
ments are arranged adjacent to each other With alternating 
orientation of the head and the base of the main leg. In the 
case of the T-shaped segments that carry the phase Windings, 
the head of the main leg is oriented radially outWards and in 
the case of the other T-shaped segments, the head of the main 
leg is oriented radially inWards. This goes to ensure that the 
Wound T-shaped segments take the form of stator teeth With 
pole shoes. BetWeen each tWo Wound stator teeth there is a 
T-shaped segment Whose free end does not Widen like a pole 
shoe and Which is disposed betWeen Windings having dif 
ferent phases. 

[0017] The T-shaped segments can be connected together 
permanently by mechanical connecting means or, for 
example, by bonding, press ?tting or Welding. 
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SHORT DESCRIPTION OF THE DRAWINGS 

[0018] The invention is described in more detail beloW on 
the basis of a preferred embodiment With reference to the 
draWings. The ?gures shoW: 

[0019] FIG. 1a a schematic vieW of a 60° sector of an 
electric machine according to the invention and 

[0020] FIG. 1b a similar vieW as in FIG. 1a, Wherein 
magnetic ?ux lines are marked in, and 

[0021] FIG. 2 a schematic, perspective exploded vieW of 
an electric machine according to the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] FIG. 1a shoWs a schematic vieW from above of a 
sector of a stator arrangement for an electric machine having 
36 slots in conjunction With 30 magnetic poles. The stator 
arrangement, Which is indicated as a Whole by 10, comprises 
a plurality of T-shaped segments 12, 14, the number of 
T-shaped segments 12, 14 corresponding to the number of 
slots of the electric machine. The T-shaped segments 12, 14 
are at least approximately, but preferably completely, geo 
metrically identical. Each T-shaped element comprises a 
main leg 16 having a base 18 and a head 20. TWo arms 22, 
24 protrude sideWays from the head 20. The angle betWeen 
the main leg 16 and the arms 22, 24 is preferably, but not 
necessarily, 90°. The main legs 16 of the T-shaped segments 
12, 14 are aligned in a radial direction and betWeen them 
selves de?ne the slots 26 of the stator arrangement 10. The 
T-shaped segments 12, 14 are arranged adjacent to each 
other With alternating orientation of the head 20 and base 18 
of the main leg, such that the arms of every second T-shaped 
segment 12 comes to lie on the outside circumference of the 
stator arrangement 10 and the arms of the T-shaped seg 
ments 14 located in betWeen coming to lie on the inside 
circumference of the stator arrangement 10. The arms of the 
T-shaped segments 14 together With the bases 18 of the 
T-shaped segments 12 form a closed ring that encloses the 
inside circumference of the stator arrangement 10. Phase 
Windings 28, 30 are mounted on the main leg 16 of those 
T-shaped elements 12 Whose arms 22, 24 are located in a 
radially outWards direction. The associated radially outer 
arms 22, 24 form pole shoes that absorb magnetic ?ux from 
the rotor magnets 32. 

[0023] The stator arrangement 10 is inserted coaxially into 
a rotor arrangement 34 that has a rotor back yoke 36 and 
rotor magnets 32 connected to the back yoke. The rotor 
magnets 32 can be embedded in a rotor body 38 or mounted 
on the inside circumference of the rotor body. 

[0024] In FIG. 1a, the direction of magnetiZation of the 
rotor magnets is indicated by arroWs, the direction of ?OAW of 
the current of the phase Windings 28, 30 is indicated by x and 
O. 

[0025] FIG. 1b shoWs a similar vieW as in FIG. 1a, the 
How of the magnetic ?ux lines 40 being marked in. Corre 
sponding parts are indicated by the same reference numbers 
and not described again. 

[0026] FIG. 2 shoWs a schematic, perspective exploded 
vieW of an exemplary embodiment of the stator arrangement 
according to the invention. Parts corresponding to those in 
FIG. 1a are indicated by the same reference numbers and 
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are not described in detail again. As described in reference 
to FIG. 1a, the stator arrangement comprises a plurality of 
T-shaped segments 1214 that are joined together to form a 
stator ring With alternating orientation. The stator ring is 
enclosed by the rotor arrangement 34 Which comprises the 
rotor back yoke 36 and the rotor magnets 32. The phase 
Windings are not illustrated in FIG. 2. It can be seen from 
the ?gure, hoWever, that these Windings can be easily 
mounted onto separate T-shaped segments 12, the arms of 
these segments 12 forming pole shoes 42 in order to receive 
the largest possible proportion of magnetic ?ux. The phase 
Windings can either be Wound onto the segments 12 or 
?nished coils can be slid onto the segments, in conjunction 
With a coil carrier Where applicable. It is expedient if, after 
the stator arrangement has been assembled, the Windings are 
Wired up via a separate stator carrier (not illustrated) that is 
disposed at an end face of the stator ring 10. 

[0027] The stator arrangement can be fabricated as fol 
loWs. The T-shaped segments are joined together With the 
aid of a positioning tool as shoWn in FIG. 2. Here, the 
T-shaped segments 12 Whose arms lie radially outWards 
carry phase Windings according to a desired Winding pattern. 
The positioning tool can take the form, for example, of a 
holloW cylinder Which is adjusted to the inside circumfer 
ence and the outside circumference of the stator ring 10. In 
the illustrated embodiment of the stator arrangement, a 
clamping sleeve 44 is inserted into the inner circle of the 
pre-positioned stator ring 10, the clamping sleeve ?tting 
against the inside circumference of the stator ring 10. At the 
opposite end face of the stator ring 10, the clamping sleeve 
44 can be connected to a clamping ring 46 so that the stator 
ring 10 is positioned and ?rmly clamped betWeen these tWo 
parts. 

[0028] The individual T-shaped segments 12, 14 are pref 
erably built up as a stack of laminations that have ?xing 
points 48 to connect the stator laminations. HoWever, it is 
conceivable for the T-shaped segments to be pressed from an 
appropriate metallic poWder. The ?xing points 48 can inter 
act With corresponding positioning nubs 50 that are formed 
on a shoulder 52 of the clamping sleeve 44 in order to 
position and ?x the clamping sleeve 44 With respect to the 
stator ring 10. 

[0029] The clamping ring 46 can be ?xedly connected to 
the clamping sleeve 44, for example, by screWing, laser 
Welding, bonding, press ?tting or any similar Way. It is also 
possible for the clamping ring to have positioning nubs. 

[0030] In addition to or as an alternative to the clamping 
sleeve, an adapter sleeve 54 or one or more locking rings can 
be placed about the outside circumference of the stator 
arrangement 10 in order to give the stator arrangement 
additional support. Since the adapter sleeve 54 comes to lie 
in the air gap betWeen the stator arrangement 10 and the 
rotor arrangement 34, it should be made as thin as possible 
from a material that has poor ferromagnetic conductivity. 

[0031] The features revealed in the above description, the 
claims and the ?gures can be important for the realiZation of 
the invention in its various embodiments both individually 
and in any combination Whatsoever. 

IDENTIFICATION REFERENCE LIST 

[0032] 10 Stator arrangement, stator ring 
[0033] 12, 14 T-shaped segments 
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[0034] 16 Main leg 

[0035] 18 Base of the main leg 

[0036] 20 Head of the main leg 

[0037] 22. 24 Arms 

[0038] 26 Slots 

[0039] 28, 30 Phase Windings 

[0040] 
[0041] 
[0042] 
[0043] 
[0044] 
[0045] 
[0046] 
[0047] 
[0048] 
[0049] 
[0050] 
[0051] 

32 Rotor magnets 

34 Rotor arrangement 

36 Rotor back yoke 

38 Rotor body 

40 Flux lines 

42 Pole shoes 

44 Clamping sleeve 

46 Clamping ring 

48 Fixing points 

50 Positioning means 

52 Shoulder of the clamping sleeve 

54 Adapter sleeve 

1. A stator arrangement for an electric machine having a 
stator ring (10) that is closed at its inside circumference and 
has stator poles at its outside circumference, 

Wherein the stator ring (10) is built up of a plurality of 
substantially identical T-shaped segments (12, 14) and 
Wherein 

each of the T-shaped segments (12, 14) has a main leg (16) 
having a head (20) and a base (18) and tWo arms (22, 
24) protruding sideWays from the head of the main leg, 
the main legs (16) of the T-shaped segments (12, 14) 
are aligned in a radial direction and 

the T-shaped segments (12, 14) are arranged adjacent to 
each other With alternating orientation of the head (20) 
and base (18) of the main leg such that they comple 
ment one another to form the stator ring (10). 

2. A stator arrangement according to claim 1, Wherein at 
the inside circumference of the stator arrangement, the arms 
(22, 24) and the bases (18) ofthe main legs (16) complement 
adjoining T-shaped segments (12, 14) to form a closed ring. 

3. A stator arrangement according to claim 1, Wherein the 
radially outer arms (22, 24) of the T-shaped segments (12) 
form pole shoes. 

4. A stator arrangement according to claim 3, Wherein 
phase Windings (28, 30) are applied to the main legs (16) of 
the T-shaped segments (12) Whose arms (22, 24) are located 
radially outWards. 

5. A stator arrangement according to claim 4, Wherein the 
phase Windings (28, 30) are connected to each other via a 
stator carrier that is disposed at one end face of the stator 
ring (10). 

6. A stator arrangement according to claim 1, Wherein the 
stator ring (10) is held together at its inside circumference by 
the combination of a clamping sleeve (44) and a clamping 
ring (46). 

7. A stator arrangement according to claim 6, Wherein the 
clamping sleeve (44) and/or the clamping ring (46) have 
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positioning means (50) that interact With the T-shaped 
segments (12, 14) in order to position and ?x the clamping 
sleeve (44) and the clamping ring (46) With respect to the 
stator ring (10). 

8. A stator arrangement according to claim 7, Wherein the 
positioning means comprise nubs (50) that engage into 
corresponding recesses (48) in the T-shaped segments (12, 
14). 

9. A stator arrangement according to claim 1, Wherein the 
stator ring (10) is held together at its outside circumference 
by at least one locking ring or an adapter sleeve (54). 

10. A method for the manufacture of a stator arrangement 
according to one of the preceding claims Wherein a phase 
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Winding (28, 30) is applied to every second (12) T-shaped 
segment (12, 14), the T-shaped segments (12, 14) are 
arranged adjacent to each other With alternating orientation 
of the head and base of the main leg in such a Way that in 
the case of the T-shaped segments (12) that carry the phase 
Windings (28, 30), the head of the main leg is oriented 
radially outWards and in the case of the other T-shaped 
segments (14) the head of the main leg is oriented radially 
inWards. 

11. Amethod according to claim 10, Wherein the T-shaped 
segments (12, 14) are connected permanently to one another. 

* * * * * 


