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Description

[0001] The invention relates to a motor rotor which has
segment magnets extending in the axial direction of a
rotor yoke and respectively fixed to a plurality of magnet
fixing sections formed on the lateral surface of the rotor
yoke according to the preamble of claim 1, the features
of which are shown in document JP 2001 037 122 A.
Furthermore, the invention relates to an electric power
steering apparatus provided with a motor having the rotor
as a motive power source.
[0002] This type of rotor has a structure in which a plu-
rality of grooves extending in the axial direction of a rotor
yoke are formed on the lateral surface thereof, and seg-
ment magnets are fixed in each groove by being received
therein. The segment magnets are sandwiched in the
width direction by projections formed between adjacent
grooves, and movement of the segment magnets in the
width direction is restricted (see Japanese Patent Appli-
cation Publication No. 2006-271057 (JP-A-
2006-271057)).
[0003] However, as shown in the magnetic flux distri-
bution diagram of FIG. 9, when a projection 2 is provided
between segment magnets 1,1, although magnetic flux
should inherently pass between the segment magnets 1
and the stator core 3 of the motor, magnetic flux extends
in the form of a loop between the segment magnet 1 and
the projection 2, resulting in the occurrence of so-called
"magnetic leakage". For example, the magnetic leakage
is occurring on the right end of the segment magnets 1
in FIG. 9. In a rotor as described above, since projections
are formed continuously extending between both ends
of the rotor yoke in the axial direction, leakage of mag-
netism to the projections occurs over the entire axial di-
rection of the rotor yoke, thereby resulting in the problem
of exacerbation of motor characteristics. In addition, in
an electric power steering apparatus assisted by a motor,
it is necessary to improve motor characteristics since ex-
acerbation of motor characteristics is transmitted to the
hands and a driver feels poor steering feel.
[0004] Document JP 2001-037122 A discloses a rotor
for a motor where in a yoke pairs of protrusions are ar-
ranged in the axial direction to hold segment magnets.
Furthermore, the protrusions are arranged between an
end and the center of the rotor.
[0005] Document JP 2005-065388 A discloses a per-
manent magnetic rotating machine which includes a rotor
core in which two circumferential grooves 32C are formed
toward a circumferential direction of the rotor core near
an axial end side of the permanent magnet on the outer
peripheral surface of the rotor core. An adhesive for fixing
the permanent magnet to the rotor core is coated on the
circumferential groove and the axial end face of the per-
manent magnet.
[0006] Document EP 1 780 870 A1 discloses a cylin-
drical cover having a flange portion extending radially
inward from an end in the axial direction.
[0007] It is the object of the invention to provide a motor

rotor capable of improving motor characteristics, and an
electric power steering apparatus provided with a motor
having this rotor.
[0008] The object of the invention is achieved by a mo-
tor rotor according to claim 1. Advantageous embodi-
ments are carried out according to the dependent claims.
[0009] The motor rotor according to the invention has
a rotor yoke, a plurality of magnet fixing sections formed
on the lateral surface of the rotor yoke, segment magnets
respectively fixed to the magnet fixing sections and ex-
tending in the axial direction of the rotor yoke, and pro-
jections provided on the rotor yoke and protruding out-
ward from the rotor yoke, and the projections are provided
at each boundary section located between each of the
adjacent magnet fixing sections and provided in pairs in
the axial direction of the rotor yoke.
[0010] As described above, the projections are provid-
ed in pairs in the axial direction of the rotor yoke. Namely,
since the projections are partially provided in the axial
direction of the rotor yoke, leakage of magnetism to the
projections can be held to a low level as compared with
being formed continuously between both ends of the rotor
yoke in the axial direction. As a result, motor character-
istics can be improved. That is, output torque, cogging
torque and torque ripple are reduced.
[0011] In addition, in the motor rotor, the projections
provided in pairs in the axial direction of the rotor yoke
may also be arranged at locations between both ends of
the rotor yoke in the axial direction and the center of the
rotor yoke in the axial direction.
[0012] Here, the projections preferably have a certain
degree of length in the axial direction of the rotor yoke to
ensure strength of the projections and prevent concen-
tration of stress in the segment magnets. However, in
the case of arranging each projection so that the distance
between both ends on the side mutually away from the
projections provided in pairs in the axial direction of the
rotor yoke is longer than the axial length of the segment
magnets, it is necessary to make the length of the pro-
jections excessively longer than the required minimal
length for ensuring strength and preventing concentra-
tion of stress. The reason for this is as described below.
[0013] Namely, there is the possibility that the locations
of the segment magnets in the magnet fixing sections
may be shifted in the axial direction from the designed
reference positions depending on the dimensional toler-
ance of the segment magnets and rotor yoke and the
mounting tolerance of the segment magnets to the rotor
yoke. Consequently, it is necessary to make the length
of the projections excessively longer than the minimum
length corresponding to the amount of that shift. Howev-
er, increasing the length of the projections has the pos-
sibility of causing a corresponding reduction in the effect
of inhibiting magnetic leakage.
[0014] In contrast, since projections provided in pairs
in the axial direction of the rotor yoke are arranged at
locations closer to the center of the rotor yoke in the axial
direction than both ends of the rotor yoke in the axial
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direction, the length of the projections in the axial direc-
tion of the rotor yoke is only required to be the minimum
length required to ensure strength and prevent concen-
tration of stress, thereby eliminating the need to make
them excessively long in consideration of the amount of
shift attributable to tolerance. Thus, magnetic leakage
can be inhibited more effectively.
[0015] In addition, an adhesive depression, which is
formed by depressing the intermediate portion of the rotor
yoke in the axial direction relative to both ends of the
rotor yoke, may be formed in each of the magnet fixing
sections, and the projections may be arranged at loca-
tions sandwiched by the adhesive depressions of the ad-
jacent magnet fixing sections.
[0016] As a result of forming adhesive depressions in
the magnet fixing sections, an adhesive layer of a pre-
scribed thickness is formed between the magnet fixing
sections and the segment magnets. Consequently, the
segment magnets can be securely adhered as compared
with the case of not providing adhesive depressions. In
addition, since thermal deformation of the segment mag-
nets and rotor yoke can be absorbed by the adhesive,
stress acting on the segment magnets can be alleviated
making it possible to prevent damage. Moreover, the pro-
jections are arranged at locations sandwiched between
adhesive depressions of adjacent magnet fixing sec-
tions. Consequently, when the segment magnets are
fixed in the magnet fixing sections, adhesive pushed out
in the width direction of the segment magnets can be
made to enter between both sides of the segment mag-
nets in the width direction and the projections. As a result,
the segment magnets can be adhered not only by the
magnet fixing sections but by the projections as well.
[0017] In addition, a cylindrical cover may be provided
that engages with the outside of the rotor yoke and covers
the plurality of segment magnets.
[0018] The segment magnets are prevented from de-
taching in the radial direction of the rotor by the cylindrical
cover, and pieces are prevented from flying off even if a
portion of the segment magnets is chipped.
[0019] In addition, the motor rotor may be applied to
an electric power steering apparatus.
[0020] In the case of applying the motor rotor to an
electric power steering apparatus, steering feel can be
improved since a motor with improved characteristics can
be used as a motive power source for assisting the steer-
ing effort of a steering wheel in a vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The features, advantages, and technical and in-
dustrial significance of this invention will be described in
the following detailed description of example embodi-
ments of the invention with reference to the accompany-
ing drawings, in which like numerals denote like ele-
ments, and wherein:

FIG. 1 is a lateral sectional view of a motor according

to an embodiment of the invention;
FIG. 2 is an exploded perspective view of a rotor;
FIG. 3A is a side view of a rotor yoke;
FIG. 3B is a front view of a rotor yoke;
FIG. 4 is a lateral sectional view of a projection;
FIG. 5 is a conceptual drawing of an electric power
steering apparatus;
FIG. 6A is a side view of a rotor yoke according to a
variation;
FIG. 6B is a front view of a rotor yoke according to
a variation;
FIG. 7 is an exploded perspective view of a rotor
according to a variation;
FIG. 8A is a side view of a rotor yoke according to a
variation;
FIG. 8B is a front view of a rotor yoke according to
a variation; and
FIG. 9 is a magnetic flux distribution diagram of a
motor of the related art.

First Embodiment

[0022] The following provides an explanation of a first
embodiment of the invention based on FIGS. 1 to 4. A
motor 10 shown in FIG. 1 is a brushless, three-phase
alternating current motor, and a stator 11 of this motor
10 employs a structure in which a stator core 13 is fixed
to the inside of a motor housing 12 by engaging therewith.
The motor housing 12 has the form of, for example, a
cylinder that is closed on both ends. In addition, the stator
core 13 has a structure in which a plurality of teeth 13T
are protruding radially inward from the inner peripheral
surface of a cylindrical body 13A, and electromagnetic
coils 14 are respectively wound around each of these
teeth 13T.
[0023] A rotor 20 of this motor 10 has a structure in
which a rotor shaft 21 passes through the center of a
rotor yoke 22, and a plurality of segment magnets 30 are
fixed to the lateral surface of the rotor yoke 22. As shown
in FIG. 2, the segment magnets 30 are roughly in the
form of long plates extending in the axial direction of the
rotor yoke 22, and are provided with a fixing flat surface
32 on the lateral surface on the side of the rotor yoke 22,
and a first curved surface 31 on the side opposite from
the fixing flat surface 32. The first curved surface 31 has
the form of a circular arc that gradually protrudes from
both ends in the axial direction of the segment magnet
30 towards the center in the width direction. In addition,
both side surfaces 34 in the axial direction and both ends
33 in the width direction of the segment magnets 30 are
at right angles to the fixing flat surface 32.
[0024] The rotor yoke 22 is composed by laminating a
plurality of steel sheets 22K. For example, the plurality
of steel sheets 22K is silicon steel sheets. The rotor yoke
22 is in the shape of a polygonal column having an overall
shape of a regular polygon such as a regular decagon.
The flat surface of each side of the regular polygon is a
magnet fixing section 23A according to the invention, and
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as shown in FIG. 2, a fixing flat surface 32 of the segment
magnet 30 is fixed to each magnet fixing section 23A.
[0025] In this embodiment, the fixing flat surfaces 32
of the segment magnets 30 are fixed to the magnet fixing
sections 23A by an adhesive. Among each of the magnet
fixing sections 23A, an adhesive depression 23C, which
is depressed to an extremely shallow depth, for example,
about 0.5 mm relative to both ends of the rotor yoke 22
is formed in the central portion of the rotor yoke 22 in the
axial direction. When the segment magnets 30 are fixed
to the magnet fixing sections 23A by an adhesive, an
adhesive layer of a prescribed thickness is formed be-
tween the adhesive depressions 23C and the fixing flat
surfaces 32 as shown in FIG. 4. Furthermore, as shown
in FIG. 2, the weight of the rotor yoke 22 is reduced as
a result of a plurality of holes 22A being formed in the
rotor yoke 22 around the penetrating portion of the rotor
shaft 21. Projections 24 according to the invention are
formed protruding from those portions sandwiched be-
tween adjacent adhesive depressions 23C among each
of the corners of the polygon in the rotor yoke 22.
[0026] As shown in FIG. 3A, the projections 24 are pro-
vided at locations each at the same distance away from
the center in the axial direction of the rotor yoke 22 on
both ends thereof, and in this embodiment, each projec-
tion 24 is arranged a location closer to both ends than
the center of the rotor yoke 22 in the axial direction. Fur-
thermore, the projections 24 provided in pairs in the axial
direction of the rotor yoke 22 may also be arranged at
locations closer to the center than both ends of the rotor
yoke 22 in the axial direction, for example, locations that
divide the rotor yoke 22 into three equal portions in the
axial direction, or may be arranged exactly in the middle
between both ends and the center in the axial direction.
[0027] As shown FIG 2, Each projection 24 is com-
posed by laminating protruding pieces 24K protruding
from a portion of the group of steel sheets 22K laminated
between both ends and the center of the rotor yoke 22
among the plurality of steel sheets 22K composing the
rotor yoke 22. Furthermore, each of the laminated steel
sheets 22K is positioned so as not to mutually shift out
of position by interlocking sections, for example, not
shown.
[0028] An enlarged view of the projections 24 is shown
in FIG. 3B. As shown in FIG 3B, both side surfaces 24S
of the projections 24 rise from the mutually adjacent mag-
net fixing sections 23A at roughly a right angle. As a re-
sult, together with both side surfaces 34 of the segment
magnets 30 being in parallel with the side surfaces 24S
of the projections 24, the projections 24 have a structure
in which the width thereof gradually widens the farther
away from the magnet fixing sections 23A. In addition, a
prescribed clearance is provided between both side sur-
faces 34 of the segment magnets 30 and both side sur-
faces 24S of the projections 24.
[0029] Furthermore, among the projections 24, the out-
er surfaces thereof facing to the outside of the rotor 20
in the radial direction have a second curved surface con-

centric with the center of the rotor 20, and the radius of
the circle that includes that outer surface is smaller than
the distance between the portion of the first curved sur-
face 31 of the segment magnets 30 closest to the center
of the rotor 20 such as both ends in the width direction
of the first curved surface 31 and the center of the rotor 20.
[0030] The length of the projections 24 in the axial di-
rection of the rotor yoke 22 it set to be the minimum re-
quired length for ensuring strength capable of preventing
deformation by external stress and preventing concen-
tration of stress in the segment magnets 30, and more
specifically, the laminated thickness of six to eight steel
sheets 22K, for example. Furthermore, among all of the
steel sheets 22K composing the rotor yoke 22, the
number of steel sheets 22K having the projections 24K
is less than the number of steel sheets 22K not having
the projections 24K.
[0031] Here, as shown in FIG. 4, a distance L1 between
mutually separated end surfaces 24T of the projections
24 provided in pairs in the axial direction of the rotor yoke
22 is shorter than an overall length L2 of the segment
magnets 30. Each projection 24 is arranged such that
the both end surfaces 24T are located closer to the center
of the rotor yoke 22 in the axial direction than both ends
33 of the segment magnets 30.
[0032] A cylindrical cover 35 is engaged with the out-
side of the rotor yoke 22 and covers the segment magnets
30. As shown in FIG. 1, the cylindrical cover 35 has a
structure in which thin-walled cylindrical portion 35C
makes inside contact with the segment magnets 30, and
flanges 35A, 35B protrude radially inward from both ends
of the cylindrical portion 35C. The flanges 35A, 35B are
locked to both ends of the rotor yoke 22.
[0033] As shown in FIG. 1, the rotor 20 is arranged so
that the entirety of each segment magnet 30 in the length-
wise direction faces the inside of the stator core 13. Both
ends of the rotor shaft 21 are rotatably pivotally supported
by bearings 16 incorporated in both end walls of the motor
housing 12.
[0034] Furthermore, a rotational position sensor 38 for
detecting a rotational position of the rotor 20 is incorpo-
rated within the motor 10 of this embodiment.
[0035] The configuration of the motor 10 of this em-
bodiment is as described above. Next, an explanation is
provided of a method for producing the above-mentioned
rotor 20. In producing the rotor 20, a laminate consisting
of a plurality of steel sheets 22K not having protruding
pieces 24K and a laminate consisting of a plurality of
steel sheets 22K having protruding pieces 24K are joined
to produce the rotor yoke 22, and the rotor shaft 21 is
then passed through the rotor yoke 22.
[0036] Next, an adhesive is applied to the adhesive
depressions 23C in the magnet fixing sections 23A of the
rotor yoke 22. The fixing flat surface 32 of each segment
magnet 30 is then adhered to each magnet fixing section
23A of the rotor yoke 22. More specifically, the fixing flat
surfaces 32 of the segment magnets 30 are pressed
against the magnet fixing sections 23A at locations where
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both ends 33 of the segment magnets 30 are aligned with
both ends of the rotor yoke 22. Whereupon, together with
the adhesive spreading over the entire adhesive depres-
sions 23C, a portion thereof is pushed out in the width
direction of the segment magnets 30, and enters the
clearance between both side surfaces 34 of the segment
magnets 30 and the projections 24. As a result, together
with the fixing flat surfaces 32 of the segment magnets
30 being adhered to the magnet fixing sections 23A, both
side surfaces 34 in the width direction of the segment
magnets 30 are adhered to the projections 24 sand-
wiched by the segment magnets 30 in the width direction.
In addition, since adhesive is filled into the clearance,
play of the segment magnets 30 can be prevented.
[0037] Next, the cylindrical cover 35 shown in FIG. 2
is engaged with the rotor yoke 22. Here, the cylindrical
cover 35 has one of the flanges 35B, for example, of the
pair of flanges 35A, 35B is formed separately from the
cylindrical portion 35C, and the flange 35B is welded or
brazed, for example, to the cylindrical portion 35C after
having engaged the cylindrical portion 35C with the out-
side of the rotor yoke 22, thereby completing the rotor 20.
[0038] Next, an explanation is provided of the interac-
tion and effects of the rotor 20 and the motor 10 of this
embodiment. When a motor drive current in the form of
a three-phase alternating current is applied to the motor
10, the intensity and direction of the magnetic flux of the
plurality of electromagnetic coils 14 provided in the stator
11 change, and the rotor 20 rotates relative to the stator
11 due to magnetic force between each of the electro-
magnetic coils 14 and the segment magnets 30. Here,
the electromagnetic coils 14 generate heat as a result of
the application of current. The temperature of the rotor
20 rises due to this heat. Whereupon, due to a difference
in the coefficients of thermal expansion between the rotor
yoke 22 and the segment magnets 30, adhesive between
the rotor yoke 22 and the segment magnets 30 is sub-
jected to stress. At this time, since the adhesive functions
as a cushioning material to absorb thermal deformation
of the segment magnets 30 and the rotor yoke 22, stress
acting on the segment magnets 30 can be alleviated.
[0039] However, if the motor 10 is frequently used at
a high load and the number of opportunities for reaching
a high temperature increases, cracks may form in the
adhesive as a result of being subjected to stress and the
adhesive strength thereof may decrease. However, ac-
cording to the configuration of the rotor 20 of this embod-
iment, as shown in FIG. 3B, each segment magnet 30 is
sandwiched in the width direction by a plurality of the
projections 24 provided on the rotor yoke 22. Thus, even
if adhesive strength between the segment magnets 30
and the rotor yoke 22 decreases due to the adhesive,
the situation in which a segment magnet 30 is adsorbed
to an adjacent segment magnet 30 within the cylindrical
cover 35 is avoided. In addition, detachment of the seg-
ment magnets 30 to the outside in the radial direction of
the rotor 20 is prevented by the cylindrical cover 35, and
the segment magnets 30 are restricted from moving in

the axial direction of the rotor 20 by the flanges 35A, 35B
of the cylindrical cover 35.
[0040] Moreover, in the rotor 20 of this embodiment,
since the projections 24 are partially provided only at two
locations in the axial direction of the rotor yoke 22, in
comparison with projections being formed continuously
between both ends in the axial direction of the rotor yoke
22, leakage of magnetism from the segment magnets 30
to the projections 24 can be inhibited. As a result, together
with reductions in output torque of the motor 10 caused
by magnetic leakage being minimized, torque ripple and
cogging torque are also minimized, thereby making it
possible to improve motor characteristics. Furthermore,
the motor can be made smaller and lightweight as a result
of minimizing decreases in output torque of the motor 10.
[0041] Moreover, in the rotor 20 of this embodiment,
since projections 24 provided in pairs in the axial direction
of the rotor yoke 22 are respectively arranged so as to
be located closer to the central portion of the rotor yoke
22 in the axial direction than both ends 33 in the axial
direction of the segment magnets 30, the length of the
projections 24 in the axial direction of the rotor yoke 22
is only required to be the minimum required length for
ensuring strength of the projections 24 and preventing
concentration of stress in the segment magnets 30,
thereby eliminating the need for the length of the projec-
tions 24 to be excessively long in consideration of shifting
of the segment magnets 30 attributable to tolerance. Ac-
cordingly, magnetic leakage can be inhibited more effec-
tively.
[0042] Moreover, in the case of arranging the projec-
tions 24 on both ends of the rotor yoke 22, if the rotor 20
shifts even slightly in the axial direction from the proper
location thereof with respect to the stator 11, since a por-
tion of the projections 24 protrude outside the stator 11,
dispersion of motor characteristics become comparative-
ly large even if that shift is within the allowed assembly
range. In contrast, in the rotor 20 of this embodiment,
since the projections 24 do not protrude outside the stator
11 in the case of a shift by the rotor 20 to the extent that
is still within the allowed assembly range, dispersion of
motor characteristics can be held to a comparatively low
level.

Second Embodiment

[0043] The following provides an explanation of an em-
bodiment of an electric power steering apparatus accord-
ing to the invention. As shown in FIG. 5, an electric power
steering apparatus 100 of this embodiment is provided
with a turning wheel connecting shaft 102 extending be-
tween a pair of turning wheels 101 provided on a vehicle
110, and a shaft case 103 covering the outside of the
turning wheel connecting shaft 102. Both ends of the turn-
ing wheel connecting shaft 102 are connected to each
turning wheel 101 via tie rods 102T, and the shaft case
103 is fixed to the chassis of the vehicle 110. In addition,
a rack (not shown) is formed at an intermediate portion
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of the turning wheel connecting shaft 102, and a pinion
(not shown) massing through the intermediate portion of
the shaft case 103 from the side meshes with this rack.
[0044] A steering shaft 106 is connected to the upper
end of the pinion, and a steering wheel 107 is further
connected to the upper end of the steering shaft 106.
The rotor 20 of the motor 10 explained in the first em-
bodiment is connected to an intermediate portion of the
steering shaft 106 via a reduction gear groove 108. In
addition, a steering angle sensor 111 and a torque sensor
112 are attached to the steering shaft 106, which together
with detecting the steering angle θs of the steering wheel
107, detect the steering torque Tf applied to the steering
shaft 106. Moreover, a velocity sensor 113 for detecting
velocity V accompanying rotation of the turning wheels
101 is provided in the vicinity of the turning wheels 101.
A steering control apparatus 114 drives the motor 10 cor-
responding to operating status based on the detection
signals of the steering angle sensor 111, the torque sen-
sor 112 and the velocity sensor 113, thereby enabling
the turning wheels 101, 101 to be turned while the motor
10 assists operation of the steering wheel by a driver.
[0045] In this manner, the electric power steering ap-
paratus 100 of this embodiment is provided with the motor
10 explained in the first embodiment as a drive source,
and since the motor 10 has improved motor characteris-
tics, the steering feel of the electric power steering ap-
paratus 100 is stable.

Other Embodiments

[0046] The invention is not limited to the previously de-
scribed embodiments, but rather embodiments in the
manner of those explained to follow are also included
within the scope of the invention. Moreover, in addition
to the embodiments explained below, the invention can
also be carried out by modifying in various ways within
a range that does not deviate from the gist thereof.

(1) Although the segment magnets 30 are fixed to
the rotor yoke 22 by an adhesive in the above-men-
tioned first embodiment, a structure may also be em-
ployed in which the segment magnets 30 are fixed
to the rotor yoke 22 with the projections 24 and the
cylindrical cover 35 only without using an adhesive.
More specifically, a configuration is employed in
which the segment magnets 30 are clamped from
the direction of width between adjacent projections
24 sandwiched by the magnet fixing sections 23A.
(2) In addition, the segment magnets 30 may be fixed
to the rotor yoke 22 with the projections 24 only with-
out using an adhesive or the cylindrical cover 35.
More specifically, in addition to making the cross-
sectional shapes of both side surfaces 34 of the seg-
ment magnets 30 roughly trapezoidal by inclining to-
wards the fixing flat surfaces 32 so as to move away
from each other as they approach the fixing flat sur-
faces 32, the side surfaces 24S of the adjacent pro-

jections 24 on both sides of the magnet fixing sec-
tions 23A are inclined so as to move away from each
other as they approach the magnet fixing sections
23A, thereby resulting in a configuration in which
these side surfaces 24S and the side surfaces 32 of
the segment magnets 30 make contact with each
other. In addition, the segment magnets 30 are pre-
vented from moving in the axial direction of the rotor
20 by frictionally locking the side surfaces 24S of the
projections 24 with the side surfaces 34 of the seg-
ment magnets 30.
(3) Although the projections 24 are composed in the
first embodiment by integrally forming protruding
pieces 24K on the steel sheets 22K composing the
rotor yoke 22 and laminating a plurality of the pro-
truding pieces 24K, the projections 24 may be com-
posed with components separate from the rotor yoke
22, and a configuration may be employed, for exam-
ple, in which the projections 24 are fastened by
screws to the boundary portions of adjacent magnet
fixing sections 23A.
(4) In addition, although the rotor yoke 22 was com-
posed by laminating the steel sheets 22K, it may also
be composed with a mass of a magnetic material
such as a compressed powder magnetic core com-
pression molded with a die after mixing a magnetic
metal powder and a resin powder.
(5) As shown in FIGS. 6A and 6B, a shallow groove
23M extending between both ends in the axial direc-
tion of the rotor yoke 22 and depressed relative to
the adhesive depression 23C is formed in each mag-
net fixing section 23A, and an adhesive may be re-
ceived in the shallow groove 23M and the adhesive
depression 23C. As a result, an adhesive layer of a
prescribed thickness is also formed between both
ends of the segment magnets 30 and the magnet
fixing sections 23A, thereby enabling the segment
magnets 30 and the magnet fixing sections 23A to
be reliably adhered.
(6) The rotor yoke 22 may also be configured in the
following manner. Namely, as shown in FIG. 7, a flat
surface 23B is formed at each corner of the polygon
in the rotor yoke 22. As shown in FIGS 8A and 8B,
each projection 24 stands upright from this flat sur-
face 23B, and both side surfaces 24S thereof are
rising at roughly a right angle from the magnet fixing
sections 23A located adjacent to the flat surface 23B
on both sides. Here, although a configuration may
be employed in which the portion of the flat surface
23B sandwiched between adjacent adhesive de-
pressions 23C is depressed to an extremely shallow
depth by the same amount as the depth of the ad-
hesive depressions 23C relative to the portion not
sandwiched between adjacent adhesive depres-
sions 23C, this portion may also not be depressed.
In the case of employing a configuration in which this
portion is not depressed, since the portions where
the flat surface 23B is formed protrude relative to the
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adhesive depressions 23C, all four sides of the ad-
hesive depressions 23C are surrounded by a level
difference, thereby making it possible to retain the
adhesive within the adhesive depressions 23C.
(7) Although a configuration is employed in the
above-mentioned first embodiments in which the
projections 24 are arranged at locations sandwiched
between adjacent adhesive depressions 23C in the
central portion in the axial direction of the rotor yoke
22, a configuration may also be employed in which
the projections 24 are arranged at locations not
sandwiched between the adhesive depressions 23C
(at both ends of the rotor yoke 22 in the axial direc-
tion).
(8) Although the invention is applied to a so-called
column electric power steering apparatus, in which
a motor 10 is coupled with a gear to an intermediate
location of the steering shaft 106, in the above-men-
tioned second embodiments, the invention may also
be applied to a so-called rack electric power steering
apparatus in which the entire motor has a hollow
structure, a ball nut is fixed therein, and the ball nut
meshes with ball threads formed at an intermediate
portion of the turning wheel connecting shaft 102, or
the invention may be applied to a pinion electric pow-
er steering apparatus, in which a motor is coupled
to a turning wheel connecting shaft with a rack and
pinion mechanism. Moreover, the invention is not
only applied to an electric power steering apparatus,
but may also be applied to an industrial robot.
(9) Although the invention is applied to the rotor 20
of the motor 10 used as a drive source of an electric
power steering apparatus 100 in the second embod-
iment, the invention may also be applied to a rotor
of an industrial motor.
(10) Although the projections 24 are provided at lo-
cations shifted towards the center in the axial direc-
tion of the rotor yoke 22 from both ends 33 in the
axial direction of the segment magnets 30 in the sec-
ond embodiment, the projections 24 may also be pro-
vided so as to lie in the same plane as both ends in
the axial direction of the rotor yoke 22.

[0047] Since projections (24) are partially provided at
only two locations in the axial direction of a rotor yoke
(22) in a rotor (20), leakage of magnetism from segment
magnets (30) to the projections (24) is inhibited as com-
pared with the projections (24) being formed continuously
over the entire axial direction. As a result, reduction of
output torque of a motor (10) caused by magnetic leakage
is minimized while also minimizing torque ripple and cog-
ging torque, thereby making it possible to improve motor
characteristics. In addition, steering feel is stable in an
electric power steering apparatus (100) provided with this
motor (10) as a drive source.

Claims

1. A rotor (20) for a motor (10) comprising:

a rotor yoke (22);
a plurality of magnet fixing sections (23A)
formed on a lateral surface of the rotor yoke (22);
segment magnets (30) respectively fixed to the
magnet fixing sections (23A) and extending in
the axial direction of the rotor yoke (22); and
projections (24) provided at each boundary sec-
tion located between each of the adjacent mag-
net fixing sections (23A) of the rotor yoke (22)
and protruding outward from the rotor yoke (22),
the projections (24) are provided in pairs in the
axial direction of the rotor yoke (22), wherein
both side surfaces (24S) of the projections (24)
rise from the mutually adjacent magnet fixing
sections (23A), at a right angle,
characterized in that
adhesive depressions (23C) are arranged in the
magnet fixing sections (23A) of the rotor yoke
(22) for disposition of an adhesive for fixing a
flat surface (32) of each segment magnet (30)
to each magnet fixing section (23A) of the rotor
yoke (22),
both ends (33) of the segment magnets (30) are
aligned with both ends of the rotor yoke (22),
a prescribed clearance is provided between
both side surfaces (34) of the segment magnets
(30) and both side surfaces (24S) of the projec-
tion (24), and in that
the segment magnets (30) are fixed to the mag-
net fixing sections (23A) by the adhesive such
that said clearance is adapted to be filled with a
portion of the adhesive spread over the entire
adhesive depressions (23C), permitting both
side surfaces (34) in the width direction of the
segment magnets (30) to be adhered to the pro-
jections (24) sandwiched by the segment mag-
nets (30) in the width direction, preventing any
play of the segment magnets (30).

2. The rotor (20) according to claim 1, wherein
the projections (24) provided in pairs in the axial di-
rection of the rotor yoke (22) are arranged at loca-
tions between each ends of the rotor yoke (22) and
the center of the rotor yoke (22) in the axial direction.

3. The rotor (20) according to claim 1, further compris-
ing:
a groove (23M) that is provided in the adhesive de-
pression (23C).

4. The rotor (20) according to any one of claims 1 to 3,
further comprising:
a cylindrical cover (35) that engages with the outside
of the rotor yoke (22) and covers the plurality of seg-
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ment magnets (30).

5. The rotor (20) according to claim 4, wherein
the cylindrical cover (35) includes a cylindrical por-
tion (35C), and a flange (35A, 35B) extending radially
inward from an end in the axial direction of the cy-
lindrical portion (35C).

6. The rotor (20) according to any one of claims 1 to 5,
wherein
the rotor yoke (22) is in the shape of a polygonal
column.

7. The rotor (20) according to any one of claim 1 to 6,
wherein
the rotor (20) is used in a motor (10) of an electric
power assisting steering apparatus for assisting
steering effort from a steering wheel (107).

Patentansprüche

1. Rotor (20) für einen Motor (10) mit:

einem Rotorjoch (22);
einer Mehrzahl Magnetbefestigungsabschnitte
(23A), die auf einer seitlichen Oberfläche des
Rotorjochs (22) ausgebildet sind;
Segmentmagneten (30), die entsprechend an
den Magnetbefestigungsabschnitten (23A) be-
festigt sind und sich in der axialen Richtung des
Rotorjochs (22) erstrecken; und
Vorsprünge (24), die an jedem Grenzabschnitt
bereitgestellt sind, der zwischen jedem der an-
grenzenden Magnetbefestigungsabschnitte
(23A) des Rotorjochs (22) angeordnet ist und
von dem Rotorjoch (22) nach außen vorragt,
die Vorsprünge (24) in Paaren in der axialen
Richtung des Rotorjochs (22) bereitgestellt sind,
wobei
beide Seitenoberflächen (24S) der Vorsprünge
(24) von den wechselweise angrenzenden Ma-
gnetbefestigungsabschnitten (23A) in einem
rechten Winkel ansteigen,
dadurch gekennzeichnet, dass
Adhäsivvertiefungen (23C) in den Magnetbe-
festigungsabschnitten (23A) des Rotorjochs
(22) zur Disposition eines Adhäsives zum Be-
festigen einer flachen Oberfläche (32) von je-
dem Segmentmagneten (30) an jedem Magnet-
befestigungsabschnitt (23A) des Rotorjochs
(22) angeordnet sind,
beide Enden (33) der Segmentmagnete (30) mit
beiden Enden des Rotorjochs (22) ausgerichtet
sind,
ein vorgeschriebener Freiraum zwischen bei-
den Seitenoberflächen (34) der Segmentmag-
nete (30) und beiden Oberflächen (24S) des

Vorsprungs (24) bereitgestellt ist, und dadurch,
dass
die Segmentmagnete (30) durch ein Adhäsiv
derart an den Magnetbefestigungsabschnitten
(23A) befestigt sind, dass der Freiraum ange-
passt ist, mit einem Teil des Adhäsivs gefüllt zu
werden, das über die gesamten Adhäsivvertie-
fungen (23C) verteilt ist, was beiden Seiteno-
berflächen (34) in der Richtung der Segment-
magnete (30) der Breite nach gestattet, an den
Vorsprüngen (24) anzuhaften, die zwischen die
Segmentmagnete (30) in der Richtung der Brei-
te nach aufgenommen sind, was jegliches Spiel
der Segmentmagnete (30) verhindert.

2. Rotor (20) nach Anspruch 1, wobei
die Vorsprünge (24), die in Paaren in der axialen
Richtung des Rotorjochs (22) bereitgestellt sind, an
Stellen zwischen jedem der Enden des Rotorjochs
(22) und der Mitte des Rotorjochs (22) in der axialen
Richtung angeordnet sind.

3. Rotor (20) nach Anspruch 1, außerdem mit:
einer Nut (23M), die in der Adhäsivvertiefung (23C)
bereitgestellt ist.

4. Rotor (20) nach einem der Ansprüche 1 bis 3, au-
ßerdem mit:
einer zylindrischen Abdeckung (35) die mit dem äu-
ßeren des Rotorjochs (22) in Eingriff ist und die Mehr-
zahl der Segmentmagnete (30) bedeckt.

5. Rotor (20) nach Anspruch 4, wobei
die zylindrische Abdeckung (35) einen zylindrischen
Abschnitt (35C) hat, und einen Flansch (35A, 35B),
der sich radial innerhalb von einem Ende in der axi-
alen Richtung des zylindrischen Abschnitts (35C) er-
streckt.

6. Rotor (20) nach einem der Ansprüche 1 bis 5, wobei
das Rotorjoch (22) in der Form einer polygonförmi-
gen Säule vorliegt.

7. Rotor (20) nach einem der Ansprüche 1 bis 6, wobei
der Rotor (20) in einem Motor (10) einer Servolenk-
vorrichtung zum Unterstützen eines Lenkaufwands
von einem Lenkrad (107) verwendet ist.

Revendications

1. Rotor (20) destiné à un moteur (10) qui comprend :

une culasse de rotor (22) ;
une pluralité de sections de fixation d’aimants
(23A) formées sur une surface latérale de la cu-
lasse de rotor (22) ;
des aimants de segments (30) respectivement
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fixés sur les sections de fixation d’aimants (23A)
et qui s’étendent dans la direction axiale de la
culasse de rotor (22) ;
et
des saillies (24) prévues au niveau de chaque
section de délimitation située entre chacune des
sections de fixation d’aimants adjacentes (23A)
de la culasse de rotor (22) et qui dépassent vers
l’extérieur depuis la culasse de rotor (22),
les saillies (24) étant prévues par paires dans la
direction axiale de la culasse de rotor (22), dans
lequel
les deux surfaces latérales (24S) des saillies
(24) remontent par rapport aux sections de fixa-
tion d’aimants mutuellement adjacentes (23A),
à un angle droit,
caractérisé en ce que
des saillies adhésives (23C) sont disposées
dans les sections de fixation d’aimants (23A) de
la culasse de rotor (22) afin de disposer un ad-
hésif destiné à fixer une surface plane (32) de
chaque aimant de segment (30) sur chaque sec-
tion de fixation d’aimant (23A) de la culasse de
rotor (22),
les deux extrémités (33) des aimants de seg-
ments (30) sont alignées avec les deux extré-
mités de la culasse de rotor (22),
un espace prescrit est prévu entre les deux sur-
faces latérales (34) des aimants de segments
(30) et les deux surfaces latérales (24S) de la
saillie (24), et en ce que
les aimants de segments (30) sont fixés sur les
sections de fixation d’aimants (23A) par l’adhésif
de sorte que ledit espace soit adapté pour être
rempli avec une partie de l’adhésif réparti sur
les saillies adhésives entières (23C), afin de per-
mettre aux deux surfaces (34) dans le sens de
la largeur des aimants de segments (30) d’être
collées sur les saillies (24) prises en sandwich
par les aimants de segments (30) dans le sens
de la largeur, empêchant ainsi tout jeu des
aimants de segments (30).

2. Rotor (20) selon la revendication 1, dans lequel
les saillies (24) prévues par paires dans la direction
axiale de la culasse de rotor (22) sont disposées à
des emplacements entre chaque extrémité de la cu-
lasse de rotor (22) et le centre de la culasse de rotor
(22) dans la direction axiale.

3. Rotor (20) selon la revendication 1, qui comprend
en outre :
une rainure (23M) qui est prévue dans la saillie ad-
hésive (23C).

4. Rotor (20) selon l’une quelconque des revendica-
tions 1 à 3, qui comprend en outre :
un capot cylindrique (35) qui s’engage avec l’exté-

rieur de la culasse de rotor (22) et qui recouvre la
pluralité d’aimants de segments (30).

5. Rotor (20) selon la revendication 4, dans lequel
le capot cylindrique (35) comprend une partie cylin-
drique (35C), et une bride (35A, 35B) qui s’étend
radialement vers l’intérieur depuis une extrémité,
dans la direction axiale de la partie cylindrique (35C).

6. Rotor (20) selon l’une quelconque des revendica-
tions 1 à 5, dans lequel
la culasse de rotor (22) est en forme de colonne po-
lygonale.

7. Rotor (20) selon l’une quelconque des revendica-
tions 1 à 6, dans lequel
le rotor (20) est utilisé comme un moteur (10) d’un
appareil de direction assistée électrique destiné à
faciliter la rotation d’un volant (107).

15 16 



EP 2 112 743 B1

10



EP 2 112 743 B1

11



EP 2 112 743 B1

12



EP 2 112 743 B1

13



EP 2 112 743 B1

14



EP 2 112 743 B1

15



EP 2 112 743 B1

16



EP 2 112 743 B1

17



EP 2 112 743 B1

18



EP 2 112 743 B1

19

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001037122 A [0001] [0004]
• JP 2006271057 A [0002]

• JP 2005065388 A [0005]
• EP 1780870 A1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

