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Description

TECHNICAL FIELD

[0001] The present invention relates to a stator fixing
structure for fixing a stator to a frame of a rotary electrical
machine.

BACKGROUND ART

[0002] A stator fixing structure for fixing a stator to a
frame of a rotary machine has heretofore been known.
[0003] For example, Patent Document 1 discloses in
Fig. 4 and paragraphs [0009] to [0014] that projecting
parts projecting in a radial direction are provided to an
outer peripheral portion of a stator formed by stacking
multiple plate-shaped members (electromagnetic steel
sheets), the stator is fixed to a frame (also referred to as
a base) by inserting fastening members into fastening-
member insertion holes formed in these projecting parts,
and the inner peripheral surface of the frame facing op-
posite ends of the root of each projecting part of the stator
(end portions of skirts of the projecting part in the circum-
ferential direction) are tightly fixed to the outer peripheral
surface of the stator. In this way, entrance of a fixing
agent through the gap between the multiple plate-shaped
members is prevented.

PRIOR ART DOCUMENT

PATENT DOCUMENTS

[0004]

Patent Document 1: Japanese Patent No. 4775020
Patent Document 2: Japanese Patent Application
Publication No. 2006-87222

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Fig. 2 and paragraph [0009] of Patent Docu-
ment 1 describe a method in which the stator is fastened
to the frame with fastening members. However, with only
the fastening with fastening members, it may be impos-
sible to fully receive rotational force applied in the cir-
cumferential direction of the stator with a rotating mag-
netic field by electromagnetic force produced upon en-
ergization of stator coils. As a result, the stator may be
deformed or rotated.
[0006] Moreover, there is a fastening method using
shrink fitting to fix a frame and a stator, in addition to the
above fastening method using fastening members. In this
fastening method additionally using fixing by shrink fit-
ting, if the stator includes projecting parts projecting in
the radial direction like those in Fig. 4 of Patent Document
1, spaces between curved portions of each projecting

part of the stator toward which the skirts at the root of the
projecting part expand and portions of the frame facing
these curved portions cannot be utilized as the interfer-
ence for the shrink fitting due to issues on dimensional
accuracy and the like. For this reason, the stator and the
frame are fixed generally by allowing no contact and leav-
ing a clearance between the outer peripheral surface of
the projecting part of the stator and the inner peripheral
surface of the frame facing the projecting part.
[0007] Specifically, as shown in Fig. 2, tooth parts 1a
on which to wind coils (not shown) are formed on the
inner peripheral side of a stator 1, while projecting parts
2 projecting in the radial direction are provided on the
outer periphery of the stator 1. The stator 1 is fixed to a
frame 8 by inserting fastening members (not shown; e.
g. bolts) into fastening-member insertion holes 3 formed
in these projecting parts 2. At the outer periphery of the
stator 1, the outer peripheral surface of a portion thereof
excluding the projecting parts 2 and the inner peripheral
surface of the frame 8 are fixed to each other by shrink
fitting. The contacted portions of the stator 1 and the inner
peripheral surface of the frame 8 fixed by shrink fitting
as described above will be referred to as shrink-fitted
portions 7 (illustrated with oblique lines in the drawing).
In Fig. 2, as in Fig. 4 of Patent Document 1, each pro-
jecting part 2 is formed in a substantially triangular shape.
Thus, the wider the skirts of the projecting part 2, the
larger the proportion of the projecting part 2 on the outer
periphery of the stator 1 and the narrower the shrink-fitted
portions 7. For this reason, the area for fixing the stator
1 and the frame 8 at the shrink-fitted portions 7 is reduced,
i.e. the area of contact between the outer peripheral sur-
face of the stator 1 and the inner peripheral surface of
the frame 8 is reduced. This leads to a problem such as
failing to effectively ensure the fastening against the ro-
tational force of the rotor.
[0008] Further, in the case where the stator 1 is fixed
to the frame 8 by shrink fitting, the outer peripheral sur-
face of the stator 1 is subjected to constricting force pro-
duced due to the fixing to the frame 8 by shrink fitting. If
this constricting force is too large, a problem such as
deformation of the stator 1 may occur in the case of a
structure as that in Fig. 4 of Patent Document 1 because
there is no portion for the constricting force to escape
and the stress due to the constriction concentrates at the
root of the projecting part 2 of the stator 1.
[0009] Note that paragraphs [0006] to [0007] of Patent
Document 2 disclose a structure in which, for fixing a
stator to a metal frame by shrink fitting, swaging portions
are disposed near positions on the outer periphery of the
stator where the stator is fitted to the metal frame. When
the fixing by swaging is done, outer peripheral portions
of the stator expand in the radial direction, thus being
tightly fixed to the frame and preventing deformation of
the stator. It is, however, necessary to appropriately ad-
just the swaging force which is determined in advance
based on the design, and the tightly fixing force corre-
sponding to the amount of the expansion. It is difficult to
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appropriately adjust the swaging force and the tightly fix-
ing force at the same time. Thus, there is a problem in
that the manufacturing is difficult. DE 713 820 C discloses
a stator fixing structure with the features in the preamble
of present claim 1. MEANS FOR SOLVING THE PROB-
LEMS The object of the invention is to improve the fas-
tening force of the stator to the frame. The object is met
by the fixing structure defined in claim 1. The subclaims
relate to preferred embodiments.
[0010] A stator fixing structure according to a first as-
pect provides a stator fixing structure in which: a project-
ing part projecting in a radial direction is provided on an
outer periphery of a stator formed by stacking a plurality
of plate-shaped members; a fastening member is insert-
ed in a fastening-member insertion hole formed in the
projecting part to fix the stator to the frame; and an outer
peripheral surface of the stator excluding the projecting
part is fixed by shrink fitting to an inner peripheral surface
of the frame, the stator fixing structure characterized in
that dents are formed at circumferentially opposite end
portions of a root of each projecting part.
[0011] A stator fixing structure according to a second
aspect is the first aspect, characterized in that which the
dent is shaped to extend toward a center of the projecting
part in a circumferential direction from an end portion of
the projecting part in the circumferential direction, and
an inner peripheral surface of the dent is formed as an
extension of an outline of the outer periphery of the stator.
[0012] A stator fixing structure according to a third as-
pect is the first aspect, characterized in that the dent is
shaped to extend toward an inner side of the stator in the
radial direction from an end portion of the projecting part
in a circumferential direction, and an inner peripheral sur-
face of the dent is formed inward of the outer periphery
of the stator in the radial direction.
[0013] A stator fixing structure according to a fourth
aspect is the first aspect, characterized in that the dent
is shaped to extend toward an outer periphery of the pro-
jecting part from an end portion of the projecting part in
a circumferential direction.

EFFECTS OF THE INVENTION

[0014] In the first aspect, a dent is provided at the root
of the projecting part. In this way, the proportion of the
projecting part on the outer periphery of the stator is re-
duced, thereby increasing the area of contact between
the outer peripheral surface of the frame and the inner
peripheral surface of the stator. Accordingly, the force of
fastening the stator to the frame can be increased. In
addition, since the dent is provided at the root of the pro-
jecting part, the deformation of the stator by the constrict-
ing force can be suppressed.
[0015] Also, since there is no need to determine con-
ditions for fixing the stator by taking swaging force and
tight fixing force into consideration, there should be no
problem in the manufacturing.
[0016] Moreover, in the second aspect, the outline of

the inner peripheral surface of the dent and the outline
of the outer periphery of the stator excluding the project-
ing part are the same. In this way, the area of contact
between the inner peripheral surface of the frame and
the outer peripheral surface of the stator is further in-
creased. This allows for an increase in the fastening force
of the shrink fitting.
[0017] Further, in the third aspect, the dent is shaped
to extend toward the inner periphery of the stator from
the end portion of the projecting part in the circumferential
direction. In this way, a larger space can be ensured for
absorbing the constricting force.
[0018] Furthermore, in the fourth aspect, the dent is
shaped to extend toward the outer periphery of the pro-
jecting part from the end portion of the projecting part in
the circumferential direction. In this way, the strength at
the root of the projecting part can be maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[Fig. 1] Fig. 1 is a cross-sectional view of a stator
fixing structure inside a general motor.
[Fig. 2] Fig. 2 is an explanatory view of a stator fixing
structure using fastening members according to a
conventional technique.
[Fig. 3] Fig. 3 is an explanatory view of a stator fixing
structure according to Embodiment 1 of the present
invention.
[Fig. 4] Fig. 4 is an explanatory view of a stator fixing
structure according to Embodiment 2 of the present
invention.
[Fig. 5] Fig. 5 is an explanatory view of a stator fixing
structure according to Embodiment 3 of the present
invention.

MODES FOR CARRYING OUT THE INVENTION

[0020] As shown in Fig. 1, in a motor which is a general
rotary machine, a stator 1 formed by stacking multiple
plate-shaped members (electromagnetic steel sheets) is
placed inside a frame 8, a rotor 6 is disposed inside the
stator 1 with a given clearance therebetween, and a shaft
5 supporting this rotor 6 penetrates rotatably through the
frame 8 with bearings 10 interposed therebetween.
[0021] Moreover, tooth parts 1a on which to wind coils
9 are formed on the inner peripheral side of the stator 1,
while projecting parts 2 projecting in the radial direction
are provided on the outer periphery of the stator 1. The
stator 1 is fixed to the frame 8 by inserting fastening mem-
bers (e.g. bolts) into fastening-member insertion holes 3
formed in these projecting parts 2. At the outer periphery
of the stator 1, the outer peripheral surface of the stator
1 excluding the projecting parts 2 and the inner peripheral
surface of the frame 8 are fixed to each other by shrink
fitting with a given interference. The contacted portions
of the outer peripheral surface of the stator 1 and the
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inner peripheral surface of the frame 8 fixed by shrink
fitting as described above are referred to as shrink-fitted
portions 7.
[0022] Here, as shown in Fig. 1, a stator fixing structure
of the present invention is a stator fixing structure using
both fastening with fastening members like that in Fig. 2
of Patent Document 1 and fastening by shrink fitting like
that in Fig. 1 of Patent Document 2, and is characterized
particularly by providing dents at the root of each project-
ing part 2. In sum, each projecting part 2 is shaped to
dent in the circumferential direction at the root, so that
the skirts of the projecting part 2 are narrowed. Specific
examples will be described with reference to embodi-
ments shown in drawings.
[0023] Note that the following is a method of fixing the
stator 1 and the frame 8.

(1) Heating the frame 8 up to a predetermined tem-
perature.
(2) Inserting the stator 1 into the heated frame 8 and
fixing them with the fastening members 11.
(3) Cooling the frame 8 and the stator 1.

EMBODIMENT 1

[0024] Fig. 3 shows a stator fixing structure according
to Embodiment 1 of the present invention. As shown in
Fig. 3, this embodiment involves providing dents 4 at op-
posite end portions of the root of each projecting part 2.
[0025] Each dent 4 is shaped to extend toward the
center of the projecting part 2 from the end portion of the
projecting part 2 in the circumferential direction. Further,
the inner peripheral surface of the dent 4 is formed along
the outer periphery of the stator 1.
[0026] According to this embodiment, the dents 4 pro-
vided to each projecting part 2 of the stator 1 eliminate
the curved portions which would otherwise be formed
from the root of the projecting part 2 along the outer pe-
riphery of the stator excluding the projecting part. For this
reason, the proportion of the projecting part 2 on the outer
periphery of the stator 1 is reduced, thus making it pos-
sible to utilize the reduced portion as the interference of
the shrink fitting. Thus, the shrink-fitted portions 7 be-
come larger, thereby increasing the area utilizable as the
interference for fixing the frame 8 and the stator 1 at the
shrink-fitted portions 7, in other words, increasing the ar-
ea of contact between the outer peripheral surface of the
frame 8 and the inner peripheral surface of the stator 1
as shown in Fig. 3. Accordingly, it is possible to increase
the force of fastening the stator 1 to the frame 8.
[0027] Meanwhile, if the fastening force of the shrink
fitting is too strong, the stress produced by the constric-
tion escapes to portions (projecting parts 2) other than
the shrink-fitted portions. Even if the fastening force of
the shrink fitting is too strong, the dents 4 provided at the
root of each projecting part 2 serve as portions for the
constricting force to escape, thereby making it possible
to absorb and disperse such constricting force applied

to the stator 1. Accordingly, it is possible to suppress the
deformation of the stator 1 by the constricting force.
[0028] In addition, the diameter to the outline of the
inner peripheral surface of each dent 4 and the diameter
to the outline of the outer periphery of the stator excluding
the projecting part 2 are the same. Thus, the proportion
of the projecting part 2 on the outer periphery of the stator
1 is further reduced, thereby increasing the areas utiliz-
able as the shrink-fitted portions 7. Accordingly, the area
of contact between the inner peripheral surface of the
frame 8 and the outer peripheral surface of the stator 1
is further increased. This allows for an improvement in
the fastening force of the shrink fitting.
[0029] As described above, according to this embodi-
ment, the dents 4 provided to each projecting part 2 in-
crease the area of contact between the inner peripheral
surface of the frame 8 and the outer peripheral surface
of the stator 1, thereby improving the fastening force of
the fixing by shrink fitting. Moreover, the dents 4 of the
projecting part 2 absorb and disperse the constricting
force from the frame 8. This allows for prevention of the
deformation of the stator 1.

EMBODIMENT 2

[0030] Fig. 4 shows a stator fixing structure according
to Embodiment 2 of the present invention. As shown in
Fig. 4, this embodiment involves providing dents 4a at
opposite end portions of the root of each projecting part 2.
[0031] Each dent 4a is shaped to extend toward the
inner periphery of a stator 1 in the radial direction from
the end portion of the projecting part 2 in the circumfer-
ential direction. Further, the inner peripheral surface of
the dent 4a is formed inward of the outer periphery of the
stator 1 in the radial direction.
[0032] As in Embodiment 1, since the dents 4a are
provided at the opposite end portions of the root of each
projecting part 2 in this embodiment, the area of contact
between the outer peripheral surface of a frame 8 and
the inner peripheral surface of the stator 1 at shrink-fitted
portions 7 is increased, in other words, the area of contact
between the inner peripheral surface of the frame 8 and
the outer peripheral surface of the stator 1 is increased.
This allows for an increase in the force of fastening the
stator 1 to the frame 8, and also absorption and disper-
sion of the stress produced by the constricting force of
the frame 8 which in turn prevent the deformation of the
stator 1.
[0033] This embodiment allows for a larger space en-
sured for absorbing the constricting force resulting from
the shrink fitting, particularly because the inner peripheral
surface of each dent 4a is formed inward of the outer
periphery of the stator 1 in the radial direction.

EMBODIMENT 3

[0034] Fig. 5 shows a stator fixing structure according
to Embodiment 3 of the present invention. As shown in

5 6 



EP 2 899 849 B1

5

5

10

15

20

25

30

35

40

45

50

55

Fig. 5, this embodiment involves providing dents 4b at
opposite end portions of the root of each projecting part 2.
[0035] Each dent 4b is shaped to extend toward the
outer periphery of the projecting part 2 from the end por-
tion of the projecting part 2 in the circumferential direction.
[0036] As in Embodiment 1, since the dents 4b are
provided at the opposite end portions of the root of each
projecting part 2 in this embodiment, the area utilizable
as the interference for fixing a frame 8 and a stator 1 at
shrink-fitted portions 7 is increased, in other words, the
area of contact between the outer peripheral surface of
the frame 8 and the inner peripheral surface of the stator
1 is increased. This allows for an increase in the force of
fastening the stator 1 to the frame 8, and also absorption
and dispersion of the stress produced from the constrict-
ing force of the frame 8 which in turn prevent the defor-
mation of the stator 1.
[0037] This embodiment allows for maintenance of
strength at the root of the projecting part 2 because each
dent 4b is shaped to extend toward the outer periphery
of the projecting part 2.

INDUSTRIAL APPLICABILITY

[0038] The stator fixing structure of the present inven-
tion is widely industrially applicable as a fixing structure
using both fastening with fastening members and fixing
by shrink fitting.

EXPLANATION OF THE REFERENCE NUMERALS

[0039]

1 stator
2 projecting part
3 fastening-member insertion hole
4, 4a, 4b dent
5 shaft
6 rotor
7 shrink-fitted portion
8 frame
9 coil
10 bearing
11 fastening member

Claims

1. A stator fixing structure for a rotary electrical machine
in which:

a projecting part (2) projecting in a radial direc-
tion is provided on an outer periphery of a stator
(1) formed by stacking a plurality of plate-shaped
members;
a fastening member (11) is inserted in a fasten-
ing-member insertion hole (3) formed in the pro-
jecting part (2) to fix the stator (1) to a frame (8);

and
an outer peripheral surface of the stator (1) ex-
cluding the projecting part (2) is fixed by shrink
fitting to an inner peripheral surface of the frame
(8),
characterized in that dents (4; 4a; 4b) are
formed at circumferentially opposite end por-
tions of a root of each projecting part (2).

2. The stator fixing structure according to claim 1, char-
acterized in that
the dents (4) are shaped to extend toward a center
of the projecting part (2) in a circumferential direction
from an end portion of the projecting part (2) in the
circumferential direction, and
an inner peripheral surface of the dents (4) is formed
as an extension of an outline of the outer periphery
of the stator (1).

3. The stator fixing structure according to claim 1, char-
acterized in that
the dents (4a) are shaped to extend toward an inner
side of the stator (1) in the radial direction from an
end portion of the projecting part (2) in a circumfer-
ential direction, and
an inner peripheral surface of the dents (4a) is
formed inward of the outer periphery of the stator (1)
in the radial direction.

4. The stator fixing structure according to claim 1, char-
acterized in that the dents (4b) are shaped to extend
toward an outer periphery of the projecting part (2)
from an end portion of the projecting part (2) in a
circumferential direction.

Patentansprüche

1. Statorbefestigungsstruktur für eine sich drehende
elektrische Maschine, wobei
ein Vorsprungteil (2), das in einer radialen Richtung
hervorsteht, an einem Außenumfang eines Stators
(1) vorgesehen ist, der durch Stapeln mehrerer plat-
tenförmiger Elemente gebildet ist,
ein Befestigungselement (11) in ein Befestigungse-
lement-Einschubloch (3) eingeschoben ist, das in
dem Vorsprungteil (2) zur Befestigung des Stators
(1) an einem Rahmen (8) gebildet ist, und
eine Außenumfangsfläche des Stators (1) ohne das
Vorsprungteil (2) durch Aufschrumpfen an einer In-
nenumfangsfläche des Rahmens (8) befestigt ist,
dadurch gekennzeichnet, dass Zähne (4; 4a; 4b)
an umfangsweise entgegengesetzten Endabschnit-
ten einer Basis jedes Vorsprungteils (2) gebildet
sind.

2. Statorbefestigungsstruktur nach Anspruch 1, da-
durch gekennzeichnet, dass
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die Zähne (4) so geformt sind, dass sie von einem
Endabschnitt des Vorsprungteils (2) in der Umfangs-
richtung zu einer Mitte des Vorsprungteils (2) in einer
Umfangsrichtung verlaufen, und
eine Innenumfangsfläche der Zähne als eine Ver-
längerung einer Außenumfangskontur des Stators
(1) gebildet ist.

3. Statorbefestigungsstruktur nach Anspruch 1, da-
durch gekennzeichnet, dass
die Zähne (4a) so geformt sind, dass sie von einem
Endabschnitt des Vorsprungteils (2) in einer Um-
fangsrichtung zu einer Innenseite des Stators (1) in
der radialen Richtung verlaufen, und
eine Innenumfangsfläche der Zähne (4a) innerhalb
des Außenumfangs des Stators (1) in der radialen
Richtung gebildet ist.

4. Statorbefestigungsstruktur nach Anspruch 1, da-
durch gekennzeichnet, dass die Zähne (4b) so ge-
formt sind, dass sie von einem Endabschnitt des Vor-
sprungteils (2) in einer Umfangsrichtung zu einem
Außenumfang des Vorsprungteils (2) verlaufen.

Revendications

1. Structure de fixation de stator pour une machine
électrique tournante, dans laquelle :

une partie saillante (2) faisant saillie dans une
direction radiale est disposée sur une périphérie
extérieure d’un stator (1) formé par empilement
d’une pluralité d’éléments en forme de plaque ;
un élément de fixation (11) est inséré dans un
trou d’insertion d’élément de fixation (3) formé
dans la partie saillante (2) de façon à fixer le
stator (1) à un bâti (8) ; et
une surface périphérique extérieure du stator (1)
excluant la partie saillante (2) est fixée par ajus-
tage par contraction dans une surface périphé-
rique intérieure du bâti (8),
caractérisée en ce que des protubérances (4 ;
4a ; 4b) sont formées en des parties d’extrémité
circonférentiellement opposées d’une racine de
chaque partie saillante (2).

2. Structure de fixation de stator selon la revendication
1, caractérisée en ce que :

les protubérances (4) sont formées de façon à
s’étendre vers un centre de la partie saillante (2)
dans une direction circonférentielle à partir
d’une partie d’extrémité de la partie saillante (2)
dans la direction circonférentielle, et
une surface périphérique intérieure des protu-
bérances (4) est formée sous la forme d’une ex-
tension d’un contour extérieur de la périphérie

extérieure du stator (1).

3. Structure de fixation de stator selon la revendication
1, caractérisée en ce que :

les protubérances (4a) sont formées de façon à
s’étendre vers un côté intérieur du stator (1)
dans la direction radiale à partir d’une partie
d’extrémité de la partie saillante (2) dans une
direction circonférentielle, et
une surface périphérique intérieure des protu-
bérances (4a) est formée à l’intérieur de la pé-
riphérie extérieure du stator (1) dans la direction
radiale.

4. Structure de fixation de stator selon la revendication
1, caractérisée en ce que les protubérances (4b)
sont formées de façon à s’étendre vers une périphé-
rie extérieure de la partie saillante (2) à partir d’une
partie d’extrémité de la partie saillante (2) dans une
direction circonférentielle.
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