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(57) ABSTRACT 

Aproj ected shape of permanent magnets is contained Within 
a plane of projection formed by adjacent claw-shaped mag 
netic poles overlapping When the claw-shaped magnetic 
poles are vieWed in a direction of rotation of a rotor, and is 
generally similar in shape to a shape of the plane of 
projection. 
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FIG. 1 
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FIG. 6 
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FIG. 10 
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FIG. 15 



Patent Application Publication Jul. 21, 2005 Sheet 10 0f 14 US 2005/0156479 A1 

.17 

1 8 

20 

I9 

20 

I8 

FIG. 18 

POLES PARALLEL 
CLAW-SHAPED MAGNETIC 

y/ 

7% 

10, W/ 
/ 

NOT PARALLEL 
CLAW-SHAPED MAGNETIC POLES 

CLAW-SHAPED MAGNETIC POLES r 

I 

_ ROOT 



Patent Application Publication Jul. 21, 2005 Sheet 11 0f 14 US 2005/0156479 A1 

FIG. 19 

| 8 

2O \__/'-'\ 20a 

20b 

l 9 

200 



Patent Application Publication Jul. 21, 2005 Sheet 12 0f 14 US 2005/0156479 A1 



Patent Application Publication Jul. 21, 2005 Sheet 13 0f 14 US 2005/0156479 A1 

FIG. 22 

200 20b 3 | - 
k 1 l 

"r 

FIG. 23 

33 200 32 20b 





US 2005/0156479 A1 

ALTERNATING-CURRENT DYNAMOELECTRIC 
MACHINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an alternating 
current dynamoelectric machine having a rotor in Which 
permanent magnets are disposed betWeen adjacent claW 
shaped magnetic poles. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, automotive alternators are knoWn 
in Which permanent magnets are disposed betWeen adjacent 
claW-shaped magnetic poles to reduce magnetic ?uX leakage 
betWeen the adjacent claW-shaped magnetic poles. (See 
Patent Literature 1, for example.) 

[0005] Patent Literature 1 Japanese Patent No. 2548882 
(Gazette: FIG. 3) 

[0006] In such constructions, one problem is that When the 
claW-shaped magnetic poles are vieWed in a direction of 
rotation of the rotor, the permanent magnets protrude from 
a plane of projection formed by adjacent claW-shaped mag 
netic poles overlapping, and since protruding portions do not 
contribute to reductions in magnetic ?uX leakage, excessive 
volume is required in the permanent magnets to improve 
their properties, increasing costs proportionately. 

[0007] Another problem is that increasing the volume of 
the permanent magnets also proportionately increases cen 
trifugal force acting on the rotor, making durability poor. 

SUMMARY OF THE INVENTION 

[0008] The present invention aims to solve the above 
problems and an object of the present invention is to provide 
an alternating-current dynamoelectric machine enabling 
costs to be reduced and durability to be improved by 
reducing the volume of permanent magnets, and in the case 
of a generator-motor, for eXample, generating a large start 
ing torque and having a reduced de-energiZed no-load 
induced voltage. 

[0009] In order to achieve the above object, according to 
one aspect of the present invention, there is provided an 
alternating-current dynamoelectric machine including: a sta 
tor including: a stator core in Which slots extending in an 
aXial direction are formed on an inner peripheral side; and a 
stator Winding mounted to the stator core by Winding 
conducting Wires into the slots; and a rotatable rotor includ 
ing: a ?eld Winding disposed inside the stator; a rotor core 
constituted by a ?rst rotor core portion and a second rotor 
core portion each having claW-shaped magnetic poles dis 
posed so as to cover the ?eld Winding and alternately 
intermesh With each other; and a plurality of permanent 
magnets disposed betWeen adjacent claW-shaped magnetic 
poles and having magnetic ?elds oriented so as to reduce 
leakage of magnetic ?uX betWeen the claW-shaped magnetic 
poles, Wherein: a projected shape of the permanent magnets 
is contained Within a plane of projection formed by the 
adjacent claW-shaped magnetic poles overlapping When the 
claW-shaped magnetic poles are vieWed in a direction of 
rotation of the rotor, and is generally similar in shape to a 
shape of the plane of projection. 
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[0010] An alternating-current dynamoelectric machine 
according to the present invention enables costs to be 
reduced and durability to be improved by reducing the 
volume of permanent magnets, and in the case of a genera 
tor-motor, for eXample, generates a large starting torque and 
has a reduced de-energiZed no-load induced voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a cross section shoWing an automotive 
alternating-current generator-motor according to Embodi 
ment 1 of the present invention; 

[0012] FIG. 2 is a perspective shoWing a rotor from FIG. 
1; 

[0013] FIG. 3 is a diagram shoWing a relationship 
betWeen permanent magnets and claW-shaped magnetic 
poles according to Embodiment 1; 

[0014] FIG. 4 is a diagram shoWing another eXample of a 
relationship betWeen the permanent magnets and the claW 
shaped magnetic poles; 

[0015] FIG. 5 is a diagram shoWing another eXample of a 
relationship betWeen the permanent magnets and the claW 
shaped magnetic poles; 

[0016] FIG. 6 is a diagram shoWing another eXample of a 
relationship betWeen the permanent magnets and the claW 
shaped magnetic poles; 

[0017] FIG. 7 is a diagram shoWing another eXample of a 
relationship betWeen the permanent magnets and the claW 
shaped magnetic poles; 

[0018] FIG. 8 is a graph shoWing a relationship betWeen 
permanent magnet cross-sectional area percentage reduction 
Within a plane of projection and starting torque increase/de 
energiZed no-load induced voltage; 

[0019] FIG. 9 is a diagram shoWing another eXample of a 
relationship betWeen the permanent magnets and the claW 
shaped magnetic poles in Embodiment 1; 

[0020] FIG. 10 is a diagram shoWing a relationship 
betWeen permanent magnets and claW-shaped magnetic 
poles according to Embodiment 2 of the present invention; 

[0021] FIG. 11 is a diagram shoWing another eXample of 
a relationship betWeen the permanent magnets and the 
claW-shaped magnetic poles; 

[0022] FIG. 12 is a diagram shoWing another eXample of 
a relationship betWeen the permanent magnets and the 
claW-shaped magnetic poles; 

[0023] FIG. 13 is a diagram shoWing another eXample of 
a relationship betWeen the permanent magnets and the 
claW-shaped magnetic poles; 

[0024] FIG. 14 is a graph shoWing a relationship betWeen 
a ratio of surface area of protruding portions to surface area 
of permanent magnets in FIG. 3 and starting torque 
increase/de-energiZed no-load induced voltage in protruding 
shapes of the permanent magnets; 

[0025] FIG. 15 is a cross section of space betWeen claW 
shaped magnetic poles according to Embodiment 3 of the 
present invention; 
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[0026] FIG. 16 is a perspective showing the claW-shaped 
magnetic poles in FIG. 15; 

[0027] FIG. 17 is a diagram showing permanent magnets 
disposed betWeen the claW-shaped magnetic poles in FIG. 
15; 

[0028] FIG. 18 is a graph shoWing the magnitude of 
magnetic leakage ?ux density When the claW-shaped mag 
netic poles are not parallel and When they are parallel; 

[0029] FIG. 19 is a diagram shoWing an example in Which 
permanent magnets are divided in Embodiment 4 of the 
present invention; 

[0030] FIG. 20 is a perspective of a rotor according to 
Embodiment 4 of the present invention; 

[0031] FIG. 21 is a plan of a permanent magnet betWeen 
adjacent claW-shaped magnetic poles in Embodiment 5 of 
the present invention; 

[0032] FIG. 22 is a plan shoWing another example of a 
permanent magnet betWeen adjacent claW-shaped magnetic 
poles in Embodiment 5 of the present invention; 

[0033] FIG. 23 is a plan shoWing another example of a 
permanent magnet betWeen adjacent claW-shaped magnetic 
poles in Embodiment 5 of the present invention; and 

[0034] FIG. 24 is a diagram shoWing a relationship 
betWeen permanent magnets and claW-shaped magnetic 
poles in Embodiment 5 of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Preferred embodiments of the present invention 
Will noW be explained based on draWings, and identical or 
corresponding members and portions in the draWings Will be 
given identical numbering. 

[0036] Moreover, in each of the embodiments, an auto 
motive alternating-current generator-motor Will be 
explained as an example of an alternating-current dynamo 
electric machine. 

Embodiment 1 

[0037] FIG. 1 is a cross section shoWing an automotive 
alternating-current generator-motor according to Embodi 
ment 1 of the present invention, and FIG. 2 is a perspective 
of a rotor from FIG. 1. 

[0038] This automotive alternating-current generator-mo 
tor (hereinafter “generator-motor”), Which constitutes a 
dynamoelectric machine, includes: a case 3 constituted by a 
front bracket 1 and a rear bracket 2 made of aluminum; a 
shaft 6 disposed inside the case 3, a pulley 4 being secured 
to a ?rst end portion of the shaft 6; a Lundell-type rotor 7 
secured to the shaft 6; fans 5 secured to tWo end surfaces of 
the rotor 7; a stator 8 secured to an inner Wall surface of the 
case 3; slip rings 9 secured to a second end portion of the 
shaft 6 for supplying electric current to the rotor 7; a pair of 
brushes 10 sliding on the slip rings 9; a brush holder 11 
housing the brushes 10; a terminal block 12 disposed on the 
front bracket 1 for connecting to an inverter circuit (not 
shoWn); and a circuit board 13 connected to the terminal 
block 12. 
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[0039] The rotor 7 includes: a ?eld Winding 14 for gen 
erating a magnetic ?ux on passage of an electric current; and 
a rotor core 15 disposed so as to cover the ?eld Winding 14, 
magnetic poles being formed in the rotor core 15 by the 
magnetic ?ux from the ?eld Winding 14. The rotor core 15 
is constituted by a ?rst rotor core portion 16 and a second 
rotor core portion 17 that are alternately intermeshed With 
each other. The ?rst rotor core portion 16 and the second 
rotor core portion 17 are made of iron, and have claW-shaped 
magnetic poles 18 and 19, respectively. Permanent magnets 
20 having magnetic ?elds oriented so as to reduce leakage 
of the magnetic ?ux betWeen these claW-shaped magnetic 
poles 18 and 19 are ?xed to adjacent claW-shaped magnetic 
poles 18 and 19. 

[0040] The stator 8 includes: a stator core 21; and a stator 
Winding 22 in Which conducting Wires are Wound into this 
stator core 21 and an alternating current is generated by 
changes in the magnetic ?ux from the ?eld Winding 14 
accompanying rotation of the rotor 7. 

[0041] Next, operation When a generator-motor having the 
above construction is used as a generator Will be explained. 

[0042] An electric current is supplied from a battery (not 
shoWn) through the brushes 10 and the slip rings 9 to the 
?eld Winding 14, generating a magnetic ?ux and magnetiZ 
ing the claW-shaped magnetic poles 18 of the ?rst rotor core 
portion 16 into North-seeking (N) poles and the claW-shaped 
magnetic poles 19 of the second rotor core portion 17 into 
South-seeking (S) poles. At the same time, since the pulley 
4 is driven by an engine and the rotor 7 is rotated by the shaft 
6, a rotating magnetic ?eld is applied to the stator Winding 
22, giving rise to an electromotive force. This alternating 
electromotive force passes through a recti?er (not shoWn) 
and is converted into direct current, its magnitude is adjusted 
by a regulator (not shoWn), and the battery is recharged. 

[0043] Next, operation When a generator-motor having the 
above construction is used as an electric motor Will be 
explained. 

[0044] During starting of the engine, an alternating current 
is supplied to the stator Winding 22. A ?eld current is also 
supplied from a battery (not shoWn) through the brushes 10 
and the slip rings 9 to the ?eld Winding 14, generating a 
magnetic ?ux and magnetiZing the claW-shaped magnetic 
poles 18 of the ?rst rotor core portion 16 into North-seeking 
(N) poles and the claW-shaped magnetic poles 19 of the 
second rotor core portion 17 into South-seeking (S) poles. 
The stator Winding 8 and the rotor 7 act as electromagnets, 
rotating the rotor 7 inside the stator 8 With the shaft 6. Torque 
from the shaft 6 is transmitted to an output shaft of the 
engine by means of the pulley 4, starting the engine. 

[0045] NoW, in a generator-motor, it is necessary to pro 
vide a large generated torque to start the engine, in other 
Words, starting torque in the electric motor. If the volume of 
the permanent magnets 20 used is increased for that purpose, 
generated torque is improved since the effective magnetic 
?ux contributing to torque generation increases, but When 
increasing the volume of the permanent magnets 20, it is 
necessary to keep the volume of the permanent magnets to 
a minimum for reasons such as the fact that the permanent 
magnets 20 are expensive, and the fact that there is risk that 
they may be scattered by centrifugal force during high-speed 
rotation, etc. 
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[0046] An additional problem is that in a generator-motor 
an inverter circuit is connected to the stator Winding 22 and 
starting torque is generated by passing an electric current 
through this inverter circuit, but semiconductor elements are 
used in the inverter circuit and the semiconductor elements 
may be destroyed if a voltage greater than or equal to a given 
voltage tolerance acts on the semiconductor elements, etc. 

[0047] Consequently, in this generator-motor, the induced 
voltage at the maximum rotational frequency When the ?eld 
current is in a “Zero” state cannot exceed the semiconductor 
element breakdoWn voltage. Moreover, hereinafter, the 
induced voltage at the maXimum rotational frequency With 
the ?eld current “Zero” Will be called the “de-energiZed 
no-load induced voltage”. 

[0048] If this de-energiZed no-load induced voltage 
eXceeds the battery voltage, in some cases it may give rise 
to overcharging, and there are also problems such as the 
possibility of the semiconductor elements being destroyed 
by surge voltages generated When trying to control this, etc. 

[0049] Consequently, in this embodiment, the permanent 
magnets 20 have a shape that solves these problems and 
enables a large generated torque to be provided While also 
reducing the de-energiZed no-load induced voltage, While 
keeping the volume of the permanent magnets as small as 
possible. 

[0050] In vieW of this, the present inventors varied the 
shape of the permanent magnets 20 While keeping the 
volume of the permanent magnets 20 constant, and found the 
starting torque and the de-energiZed no-load induced voltage 
by three-dimensional electromagnetic ?eld analysis. 

[0051] Here, the starting torque is torque When a ?eld 
current is passed through the ?eld Winding 14, and the ?eld 
current passed to the generator-motor is assumed to be the 
maXimum electric current permissible thermally. The arma 
ture current passed through the stator Winding 22 is also 
assumed to be the maXimum instantaneous current, and the 
starting torque is set such that a phase angle formed by the 
?eld magnetic ?uX and the armature magnetic ?uX is the 
phase angle generating maXimum torque. Of course, since 
there is a limit to the battery voltage, the starting torque must 
be the maXimum torque Within this voltage limit. 

[0052] The de-energiZed no-load induced voltage is the 
interterminal voltage When the generator-motor is rotating at 
a maXimum rotational frequency, and the ?eld current is 
“Zero”. 

[0053] A value in Which the increase in starting torque 
With permanent magnets 20 installed compared to the start 
ing torque Without permanent magnets 20 (hereinafter “start 
ing torque increase”) is divided by the de-energiZed no-load 
induced voltage (starting torque increase/de-energiZed no 
load induced voltage) Was chosen as an indeX for consider 
ing the above properties. For this reason, it can be said that 
the greater the value of this indeX, the more superior the 
properties since the starting torque is large and the de 
energiZed no-load induced voltage is small. 

[0054] The present inventors varied the siZe of the per 
manent magnets 20 betWeen adjacent claW-shaped magnetic 
poles 18 and 19 and found the starting torque increase/de 
energiZed no-load induced voltage for each respective auto 
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motive alternating-current generator-motor by three-dimen 
sional electromagnetic ?eld analysis. 

[0055] FIG. 3 shoWs a case in Which a projected shape of 
the permanent magnets 20 is contained Within a plane of 
projection A formed by adjacent claW-shaped magnetic 
poles overlapping When the claW-shaped magnetic poles 18 
and 19 are vieWed in a direction of rotation of the rotor 7, 
and is generally similar in shape to the shape of the plane of 
projection A. 

[0056] In contrast to this, FIGS. 4 and 5 are diagrams 
shoWing permanent magnets 20 mounted betWeen the claW 
shaped magnetic poles 18 and 19 so as to protrude from the 
plane of projection A. 

[0057] Table 1 shoWs calculated values for starting torque 
increase/de-energiZed no-load induced voltage for perma 
nent magnets 20 having the shapes shoWn in each of FIGS. 
3 to 5. The volume of the permanent magnets 20 and the 
thickness of the permanent magnets 20 (thickness in the 
direction of rotation of the rotor 7) Was constant in each of 
FIGS. 3 to 5. 

TABLE 1 

Relationship between protrusion and properties 

Starting torque increase/de-energized no-load 
induced voltage 

Shape in FIG. 3 0.514 
Shape in FIG. 4 0.495 
Shape in FIG. 5 0.493 

[0058] As can be seen in this table, it Was found that the 
starting torque increase/de-energiZed no-load induced volt 
age is larger, and the properties are therefore better, When the 
permanent magnets 20 are mounted Within the plane of 
projection A. 

[0059] Moreover, it Was also found that the properties are 
almost as good as those of the shape in FIG. 3 if the 
permanent magnets 20 have an identical shape to the plane 
of projection A With an identical volume to those of FIGS. 
3 to 5, in other Words, if the cross-sectional shape When the 
permanent magnets 20 are sectioned perpendicular to the 
direction of rotation of the rotor 7 is generally pentagonal, 
as shoWn in FIG. 6. 

[0060] Three-dimensional electromagnetic ?eld analysis 
Was also performed and values of starting torque increase/ 
de-energiZed no-load induced voltage found by calculation 
for cases in Which the cross-sectional area of the permanent 
magnets 20 Was reduced in a dissimilar shape from the shape 
of the plane of projection A, as shoWn in FIG. 7. 

[0061] FIG. 8 is a graph shoWing the calculated results 
thereof, and from this graph it can be seen that the properties 
are better if the cross-sectional area of the permanent mag 
nets 20 is increased Within the plane of projection A. 

[0062] When the generator-motor is used as an electric 
motor, one characteristic is that a large armature current and 
?eld current are used since the generator-motor is generally 
used for a shorter period of time than When it is used as a 
generator. HoWever, When large electric currents are carried, 
reverse magnetic ?elds acting on the permanent magnets 20 
are also increased, making irreversible demagnetiZation 
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more likely to occur. This is a problem speci?c to generator 
motors and not found in generators, but because the per 
meance of the magnetic circuit is reduced and the magnetic 
?ux density inside the permanent magnets 20 is increased by 
disposing the permanent magnets 20 Within the plane of 
projection A of the adjacent claW-shaped magnetic poles 18 
and 19, one effect is that irreversible demagnetiZation is less 
likely to occur. 

[0063] Moreover, FIG. 9 shoWs corner portions C of the 
permanent magnets 20 shoWn in FIG. 3 formed With a 
curved surface shape, a radius of curvature R of the corner 
portions C being 0.2 mm. In this manner, effects can be 
achieved such as irreversible demagnetiZation becoming 
less likely to occur and the corner portions C becoming less 
likely to chip, and surface treatment ?lms such as plating, 
etc., can be prevented from becoming thick at the corner 
portions C. 

Embodiment 2 

[0064] If the required starting torque is still not achieved 
by mounting the permanent magnets 20 Within the plane of 
projection A of the adjacent claW-shaped magnetic poles 18 
and 19, it may be necessary to increase the volume of the 
permanent magnets 20 further. Here, one simple Way to 
increase the volume of the permanent magnets 20 is to 
increase the thickness of the permanent magnets 20 of the 
rotor 7 (dimensions in the direction of rotation of the rotor 

7). 
[0065] HoWever, since there is only limited space betWeen 
the adjacent claW-shaped magnetic poles 18 and 19, there is 
a limit to hoW much the thickness of the permanent magnets 
20 can be increased. 

[0066] Consequently, the necessity may arise to mount the 
permanent magnets 20 in portions protruding from Within 
the plane of projection. 

[0067] FIGS. 10 to 13 shoW examples in Which a portion 
of the permanent magnets 20 protrudes out of the region of 
the plane of projection A, but the Way in Which each 
protrudes is different. 

[0068] Values of starting torque increase/de-energiZed no 
load induced voltage Were found by electromagnetic ?eld 
analysis for an example in Which a radially-innermost point 
T of the permanent magnets 20 Was in the vicinity of a 
radially-inner peripheral surface Q of the claW-shaped mag 
netic poles 18 and 19, as shoWn in FIG. 10, and examples 
in Which the radially-innermost point T of the permanent 
magnets 20 Was Within the plane of projection A, as shoWn 
in FIGS. 11 and 12. 

[0069] FIG. 14 is a graph shoWing the calculated results 
thereof. Here, the volume of the permanent magnets 20 Was 
made constant for comparison. 

[0070] As can be seen from this table, the properties of the 
permanent magnets 20 shoWn in FIG. 10 are improved 
compared to the permanent magnets 20 shoWn in FIGS. 11 
and 12. 

[0071] Moreover, satisfactory properties similar to those 
of the permanent magnets 20 shoWn in FIG. 10 can also be 
achieved if the cross-sectional shape of the permanent 
magnets 20 is a shape identical to that of the plane of 
projection AeveryWhere except in a region of protrusion and 
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the radially-innermost point T of the permanent magnets 20 
is on the radially-inner peripheral surface Q of the claW 
shaped magnetic poles 18 and 19, as shoWn in FIG. 13. 

Embodiment 3 

[0072] FIG. 15 is a magnetic pole cross section When 
claW-shaped magnetic poles 18 and 19 are not parallel and 
When they are parallel, FIG. 16 is a perspective shoWing a 
case When the claW-shaped magnetic poles 18 and 19 are 
parallel, and FIG. 17 is a partial plan When permanent 
magnets 20 are mounted betWeen the claW-shaped magnetic 
poles 18 and 19 shoWn in FIG. 15. 

[0073] FIG. 18 shoWs magnetic leakage ?ux density When 
the claW-shaped magnetic poles 18 and 19 are not parallel 
and When they are parallel. When the claW-shaped magnetic 
poles 18 and 19 are not parallel, the total amount of magnetic 
?ux (surface area in FIG. 18) is increased compared to When 
they are parallel, since the magnetic leakage ?ux 4) Where the 
distance betWeen the claW-shaped magnetic poles 18 and 19 
is narroW (on the radially-outer side of the rotor 7) increases 
in inverse proportion to the distance betWeen the claW 
shaped magnetic poles 18 and 19, but the amount of mag 
netic leakage ?ux can be reduced by making the distance 
betWeen the claW-shaped magnetic poles 18 and 19 uniform. 

Embodiment 4 

[0074] In Table 2, electromagnetic ?eld analysis Was per 
formed and values of starting torque increase/de-energiZed 
no-load induced voltage Were found When a thickness 
dimension of the permanent magnets 20 in the direction of 
rotation of the rotor 7 Was varied With a cross-sectional area 
identical to that of the permanent magnets 20 shoWn in FIG. 
3 explained above. 

TABLE 2 

Permanent magnet thickness 

Starting torque increase/de-energized 
no-load induced voltage 

Permanent magnet thickness 0.514 
5.8 mm 

Permanent magnet thickness 0.497 
6.2 mm 

[0075] As can be seen from this table, there is a tendency 
for the value of the starting torque increase/de-energiZed 
no-load induced voltage to decrease as the thickness dimen 
sion of the permanent magnets 20 is increased, and proper 
ties are improved if the thickness of the permanent magnets 
20 is reduced to an extent that irreversible demagnetiZation 
does not occur. 

[0076] Here, the model is such that the volume of the 
permanent magnets 20 is increased by an amount propor 
tionate to the increase in the thickness of the permanent 
magnets 20. 

[0077] For that purpose, it is effective for the permanent 
magnets 20 to be constituted by a pair of magnet portions 
20a and 20b cut parallel to facing side surfaces of the 
adjacent claW-shaped magnetic poles 18 and 19, as shoWn in 
FIGS. 19 and 20, and to leave a gap separating the magnet 
portions 20a and 20b from each other. 
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[0078] By leaving the gap in the permanent magnets 20, 
permeance is reduced, facilitating the occurrence of irre 
versible demagnetiZation in the permanent magnets 20, but 
by creating the gap, the permanent magnets 20 are cooled 
because cooling air can pass through, and there are no 
deleterious effects in cases such as neodymium-iron-boron 
permanent magnets 20, in Which irreversible demagnetiZa 
tion occurs at high temperatures, because the increased 
likelihood of irreversible demagnetiZation due to reduced 
permeance and the reduced likelihood of irreversible demag 
netiZation due to cooling cancel each other out. 

[0079] Since ?rst side surfaces of the magnet portions 20a 
and 20b face each other, and second side surfaces alWays 
contact the claW-shaped magnetic poles 18 and 19, per 
meance is not reduced very much in any case, making any 
loss of magnetic leakage ?uX reduction small. 

Embodiment 5 

[0080] In order to use the permanent magnets 20 effec 
tively, the present inventors varied the magnetic ?eld 
strength of the magnet portions 20a and 20b at tip portions 
of the claW-shaped magnetic poles 18 and 19 and the magnet 
portions 20a and 20b at root portions and performed three 
dimensional electromagnetic ?eld analysis. 

[0081] The results are shoWn in Table 3. 

TABLE 3 

Tip portion permanent magnets and root portion permanent magnets 

Starting torque increase/de-energized 
no-load induced voltage 

Permanent magnets at tip portions 0.591 
of claw-shaped magnetic poles 

strong 
Permanent magnets at tip portions 0.514 
and root portions of claw-shaped 

magnetic poles same 
Permanent magnets at root portions 0.466 

of claw-shaped magnetic poles 
strong 

[0082] In magnet portions 20a and 20b having identical 
volume, the value of the starting torque increase/de-ener 
giZed no-load induced voltage Was larger When the magnetic 
?eld in the tip portions Was made stronger than in the root 
portions, as shoWn in Table 3. Here, the permanent magnets 
20 are assumed to be Within the plane of projection A, and 
the total magnetic force is identical. 

[0083] As an eXample of a case in Which the magnetic ?eld 
in the tip portions is made stronger than in the root portions, 
FIG. 21 shoWs an eXample in Which dimensions of the 
magnet portions 20a and 20b in the direction of rotation of 
the rotor 7 gradually increase from the root portions of the 
claW-shaped magnetic poles 18 and 19 toWard the tip 
portions. 
[0084] FIG. 22 shoWs an eXample in Which each of the 
permanent magnets 20 is constituted by a pair of magnet 
portions 20a and 20b cut parallel to the facing side surfaces 
of the adjacent claW-shaped magnetic poles 18 and 19, and 
each of these magnet portions 20a and 20b is constituted by 
a pair of ?rst and second magnet segments 30 and 31 cut in 
the direction of rotation of the rotor 7, and of these, the ?rst 
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magnet segments 30, Which are near the tip portions of the 
claW-shaped magnetic poles 18 and 19, have a greater 
residual magnetic ?uX density than the second magnet 
segments 31, Which are near the root portions of the claW 
shaped magnetic poles 18 and 19. 

[0085] FIG. 23 shoWs an eXample in Which each of the 
permanent magnets 20 is constituted by a pair of magnet 
portions 20a and 20b cut parallel to the facing side surfaces 
of the adjacent claW-shaped magnetic poles 18 and 19, and 
each of these magnet portions 20a and 20b is constituted by 
a pair of ?rst and second magnet segments 32 and 33 cut in 
the direction of rotation of the rotor 7, and the ?rst magnet 
segments 32 near the tip portions of the claW-shaped mag 
netic poles 18 and 19 have larger dimensions in a direction 
of rotation than the second magnet segments 33 near the root 
portions of the claW-shaped magnetic poles 18 and 19. 

[0086] As shoWn in FIG. 24, similar effects can also be 
achieved by increasing the projected area at the tip portions 
of the claW-shaped magnetic poles 18 and 19, enabling 
magnetic force from the permanent magnets 20 at the tip 
portions to be increased since the cross-sectional area of the 
permanent magnets 20 at the tip portions of the claW-shaped 
magnetic poles 18 and 19 can be increased. 

[0087] More speci?cally, an inner peripheral surface of the 
?rst rotor core portion 16 and an inner peripheral surface of 
the second rotor core portion 17 are each constituted by a 
?rst peripheral portion 34 near the tip portions of the 
claw-shaped magnetic poles 18 and 19 and a second periph 
eral portion 35 near the root portions of the claW-shaped 
magnetic poles 18 and 19 bent medially, the ?rst peripheral 
portions 34 having a larger angle of elevation from a radius 
than the second peripheral portions 35 ([3>ot). 

[0088] A con?guration in Which the angle of elevation of 
the inner peripheral surface of the claW-shaped magnetic 
poles 18 and 19 Was identical in the tip portions and the root 
portions, as shoWn in FIG. 3, and a con?guration in Which 
the angle of elevation Was greater in the tip portions, as 
shoWn in FIG. 24, Were compared under conditions in 
Which the volume of the permanent magnets 20 Was iden 
tical (adjusted only by the thickness of the permanent 
magnets 20), the results being shoWn in Table 4. 

TABLE 4 

Angle of elevation 

Starting torque increase/de-energized 
no-load induced voltage 

Angle of elevation same 0.514 
Angle of elevation in tip portions 0.527 
of claw-shaped magnetic poles 

greater 

[0089] As can be seen from this table, the effects are 
increased by increasing the angle of elevation in the tip 
portions. 

[0090] Moreover, in each of the above embodiments, an 
automotive generator-motor has been explained as an 
eXample of a dynamoelectric machine, but of course the 
present invention is not limited to automotive generator 
motors, and can also be applied to automotive alternators as 
dynamoelectric machines. Furthermore, the present inven 






