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direction are radially opposed to holding magnets when the 
relative rotation angle of the magnetic flux supply element 
is a strengthening angle . The control device executes field 
weakening control or field strengthening control , thereby 
changing the relative rotation angle of the magnetic flux 
supply element . 

8 Claims , 16 Drawing Sheets 

IIV 

+ A 
8 11 12 
ZAAZA 

i 13 25 TEZ 772 2 ) 15a 
6a CONTROL DEVICE 

224 WEAKENING 
ANGLE 

23a i 
HLN LLLLLLLLLLLLLLLL 431 

A SSASSASSIN ATV 23b 2 PCI 

programming 
33 45 44 46 48 

( 49 ) 
44 

( 49 ) 
- 24b VW WWW INS : 

23b1 WIJS 

41 
23b1 23b1 VX 

2362 44 ( 49 ) WANT 44 ( 49 ) 412362 
? un WWW za WWWWWMVN 

TITIZ ANALYSEN Z LLLLLZZZZZZZZZZZZZZZ 

??? 



US 9 , 735 , 660 B2 
Page 2 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

2003 / 0057793 Al * 
2007 / 0188036 A1 * 
2008 / 0036330 A1 * 

3 / 2003 Yang . . . . . . . . . . . . . . . . . . . . HO2K 7 / 06 
310 / 191 

8 / 2007 Shibukawa . . . . . . . . . . . HO2K 1 / 278 
310 / 113 

2 / 2008 Abe . . . . . . . . . . . . . . . . . . . HO2K 16 / 00 
310 / 268 

2 / 2008 Fujishiro et al . 
12 / 2011 Hashiba et al . 

1 / 2013 Bradl . . . . . . HO2K 1 / 278 
310 / 90 

2008 / 0040015 AL 
2011 / 0304235 Al 
2013 / 0020893 A1 * 

FOREIGN PATENT DOCUMENTS 

1 833 147 A2 
1 990 896 A1 

2002 - 204541 A 
2004 - 072978 A 
2007 - 110776 A 
2008 - 037351 A 
B2 - 4225001 

A - 2010 - 233346 

9 / 2007 
11 / 2008 

7 / 2002 
3 / 2004 
4 / 2007 
2 / 2008 
2 / 2009 

10 / 2010 

OTHER PUBLICATIONS 
Mar . 10 , 2016 extended Search Report issued in European Patent 
Application No . 14164653 . 9 . 
Feb . 1 , 2017 Office Action issued in Japanese Patent Application 
No . 2013 - 086785 . 

* cited by examiner 



FIG . 1 

U . S . Patent 

A 

6b 11 12 i i 13 

13 3 

777777???????? 
150 

6a 

CONTROL DEVICE 

NNNNNN 
WN 

Aug . 15 , 2017 

POTRIVITY 

KL24A 

140 33 45 44 46 48 
. . . ( 49 ) 

44 33 ( 49 ) 

- 

- - - 

. 

. 

. 

- - 

- 

- 

T 

- 

- 

- 

- 

- 

NO + 4476 _ A 

apa2 

Sheet 1 of 16 

24a 24 - 

AV 

246 

WANNANVENIS NAMATAYANANNTEN 
259 

NW 
15 

WWWWW 
WINNIN ?????????????? 
/ 

/ 

US 9 , 735 , 660 B2 

? 

A 



U . S . Patent Aug . 15 , 2017 Sheet 2 of 16 US 9 , 735 , 660 B2 

FIG . 2 

12 33 
31a1 

23a1 23a 33 33 12 12 236 
23b1 31 a 2 23b1 23b1 / - 23824 

- 2362 2362 - 1 31a2 V3162 < 3a21 
31b2 

72362 W 3161 3161 

- 

- 

316 17 
3162 ( 49 ) 18 48 44 ( 49 ) 236222 ) 2362 

my I 

mages 
A . IIIIII 
A 

= M 
@ 

- 25 ( 22 ) DETAXA 25 ( 22 ) 
44 ( 49 ) 

23 23b 

ZITIILI 31b 31b ZZZZ 
31a 23a 



U . S . Patent Aug . 15 , 2017 Sheet 3 of 16 US 9 , 735 , 660 B2 

FIG . 3A 
23a WEAKENING 

ANGLE 15 

23b 

di sila 

TWW 23b1 
23b2 44 ( 19 ) 44 ( 49 ) " 23b2 

FIG . 3B 
23 a STRENGTHENING 

ANGLE 15 
23a1 A 

{ 

Dv 
23b11 2361 

23b2 44 ( 49 ) 44 ( 49 ) 412362 
FIG . 4 

TORQUE 
WEAKENING 

ANGLE 
STRENGTHENING 

ANGLE 
O 

- > 
Ano 90 RELATIVE 

STRENGTHENING 
ANGLE 

ROTATION ANGLE 
BETWEEN ROTOR AND 

MAGNETIC FLUX SUPPLY ELEMENT 



U . S . Patent Aug . 15 , 2017 Sheet 4 of 16 US 9 , 735 , 660 B2 

FIG . 5A 

151 / 2018 Bank 
* 

* 

w 

23a2 . W 
2361 23b1 

2362 44 44h 23b2 
( 49 ) ( 49 ) 

FIG . 5B 
23a 

2361 23b1 
23b2 44 

( 49 ) A 412362 



U . S . Patent Aug . 15 , 2017 Sheet 5 of 16 US 9 , 735 , 660 B2 

FIG . 6 

33 23a 

316 318 
49 

44 

25 ( 22 ) GAJA 
49 46 45 44 48 49 41 

43 

23b 23a 

31b 31 a 



U . S . Patent Aug . 15 , 2017 Sheet 6 of 16 US 9 , 735 , 660 B2 

FIG . 7A 
WEAKENING ANGLE 

23 . A 
247 
Stue 33 + 

1 

een 
- 49 - 48 t 23b - 

- 

44 

48 41 33 

FIG . 7B 
STRENGTHENING ANGLE 

03223 Eva AAAA 
+ 

- - 

+ - 

- - 

+ - * 

- - w 
+ Z . - 

- 

E 

+ 

- 

- 

+ 

- 

* 
* * - - - - 

1448 



FIG . 8 

U . S . Patent 

B 

991 
211 

EL 

É 

A 

/ 7722222 

eg . ZA 

51 52 

Posteri 
54a 6a 

WWWWWWWWWWWWW 

Iy 
11 
II 

CONTROL DEVICE 

WWWWWWWWWWWWWW 

Aug . 15 , 2017 

RRERA PEDALES ALLIANSENSE SENTIMIENT 

26 

LA 55a 
53 54 

8 

- 

33 45 44 46 48 
- - - _ _ ( 49 ) 

- 

- - 

44 33 ( 49 ) 

Sheet 7 of 16 

24a 
243 D 

902 

ANNNNNNN 

2o 

Y 

? ? 

/ MANIAN MWANAWANAN 
W 

ett 

7 - 41 

HIURE NNN 
NAN WWWWWWWWWWWWWWWWWW 
z 

KL 

eer bestaat bibitassbobbyly hodobottoli 
1 > B 

US 9 , 735 , 660 B2 



U . S . Patent Aug . 15 , 2017 Sheet 8 of 16 US 9 , 735 , 660 B2 

FIG . 9 
23b 3 33 

M 

- 

- 

- - 

4 
25 
( 22 ) 

31b 316 - - - - - - - - 

- 

- 18 449 45 46 48 44 ( 49 ) 
41 | 48 

44 
( 49 ) 

- 

- 

- 

- 25 ( 22 ) @ 

OTTILIITTI DO 
236 238 31a 



4314 53 
( 49 ) 44 542 PROY wu 

ZL 

- - HHH 
OBE . - 

- - - - - - - - - 

55 550 FIG . 10A 
26 

( 49 ) ? ?? - - - - - 

- - - - - - - - - - - 

141 1 

( 49 ) 44 143 - - - - - - - - 

s 

. n f - - - - - - - - 

53 
( 49 ) 44 - - - 4422 E - L - - - + - - - 

55 54 5501 FIG . 10B 
- - - - - + - 

CHH os 
( 49 ) 

1 

+ 45 41 . 46 

US 9 , 735 , 660 B2 Sheet 9 of 16 Aug . 15 , 2017 U . S . Patent 



FIG . 11 

U . S . Patent 

C 

Bet 
6b PAZITTTTT 

150 

6a 

MYWANYWAY 

11 

15 - 17 

CONTROL DEVICE 

WANAWAWALIWWWWWW 
41 - Dan 75 

Aug . 15 , 2017 

HATITUD audio ?????? 62a2 620 64a ( 6262 ) ( 62b ) _ ( 64b ) . 162a262a64a | ( 6262 ) ( 62b ) ( 646 ) 

Sheet 10 of 16 

24ace 

???????? 
TITUITTEIT 

- 24b 

HT HUULTAT 
11 WY 

( 76 ) 

LA 

?????????????? 

US 9 , 735 , 660 B2 

?? 



U . S . Patent Aug . 15 , 2017 Sheet 11 of 16 US 9 , 735 , 660 B2 

FIG . 12 
61 66 642 62a2 6492 66 15 

Akitt . 6262 

6462 

- - - - 
62b1 

- 

- 

12 Part - - 

DIARIES 
261 08 

ISTRITI I DO 
64b ? 

AZILI 62bDLA Y646 646 
D 640 62a 



U . S . Patent Aug . 15 , 2017 Sheet 12 of 16 US 9 , 735 , 660 B2 

FIG . 13 
A 
- - 

sigue 
( 76 ) 

FIG . 14A 
WEAKENING ANGLE STEN Sr - - - 4 

NSG 
62a ( 62b ) 

66 - - - - - - - - - - in 

62a ( 62b ) th - A 
ES 

- 1 - 66 - 

- 

- - - - - - - - - 
- 

FIG . 14B 

All A A A A 
STRENGTHENING 

ANGLE - 6 - - 62a ( 62b ) 
- 66 E - - - - - - - - - - - - - - - - - - - - - - - - - 72 - 7 

11 
- - - - - - - - - - - - - - - - - - - - - - - - - - 1 7296 

VONKS ( 76 ) NS 
- - - - 62a ( 62b ) A A A 

- - - - 



U . S . Patent Aug . 15 , 2017 Sheet 13 of 16 US 9 , 735 , 660 B2 

FIG . 15 
62a 64a 

15 
12 

ITETER 
646 

64b 
64a 62a 

FIG . 16 

on 

76 
66 



U . S . Patent 

66 

FIG . 17 

11 12 13 ????? 
T 

52 51 bar 

3 

§ 

ZITA ) 15a 

ZZ 

innin 
ITILKE 

548 

J 

WWW 

WWW 

CONTROL DEVICE 
- 

- 

NNNN 
NNNNNN 

55 

I 

: 

1 

4 

. P . 

For . : P . P 

Aug . 15 , 2017 

552 KILTILITET 

Kaune DINID 
WW 

54 53 

71 

PUTNI 

8 tot 73 

BRATRIMIT WILLIAMINI 62a 64a ( 62b ) _ ( 646 ) 62a 640 ( 62b ) ( 646 ) 

24a 

74 - 40 

63 

Sheet 14 of 16 

LUST 

- 240 

WITHIRITIA 
72 ANN 
( 76 ) 

N 

61 

im 

WWW 
NN 

154 

WWWWWWWWWWWWWWWWWW 
ETITE 

RATIITTI 

US 9 , 735 , 660 B2 



U . S . Patent Aug . 15 , 2017 Sheet 15 of 16 US 9 , 735 , 660 B2 

FIG . 18 

41 6b > F6 N 

CONTROL 
DEVICE 6a - 875 . EN 6ava MIN WN 94a 

71 
73 P 

W 94 K1 
LU 

21 
TIR . . 

64a 62a 
( 64b ) ( 626 ) 
64a 
( 646 ) 

162 a 
N 

24a 
24b 

NW NNNN o oo 

( 76 ) WIN ZZZ 

94 LF 

FIG . 19 

66a ) 

94 

IIII 292 2 



atent Aug . 15 , 2017 Sheet 16 of 16 US 9 , 735 , 660 B2 

FIG . 20 

31a7 
- 

LIIIII 

Ees 
ULVAN 
49 46 45 44 48 

A - LALV2s ( 22 ) G 25 ( 22 ) 
41 . 49 

1 
- 

- 

- 

15 

4 IIII 
- 43 

# 25 ( 22 ) 22 
( 6 ) 

31 a 

23b 23a 



US 9 , 735 , 660 B2 

ROTARY ELECTRIC MACHINE table that the configuration of the rotary electric machine 
becomes complicated . In this regard , there is still room for 
improvement . INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application No . 2013 - 5 SUMMARY OF THE INVENTION 
086785 filed on Apr . 17 , 2013 including the specification , 
drawings and abstract , is incorporated herein by reference in One object of the invention is to provide a rotary electric 
its entirety . machine having a simple configuration and capable of 

rotating at high speed and outputting high torque in a 
BACKGROUND OF THE INVENTION 10 low - speed rotation range . 

An aspect of the invention relates to a rotary electric 
1 . Field of the Invention machine including : a rotor including a rotor core fixed to a 
The invention relates to a rotary electric machine rotary shaft so as to be rotatable together with the rotary 
2 . Description of the Related Art shaft , and multiple pairs of embedded magnets fixedly 
Some rotary electric machines include a so - called magnet 15 embedded in the rotor core and magnetized such that mag 

embedded rotor in which permanent magnets are fixedly n etic poles of the embedded magnets in each pair , the 
embedded in a rotor core , as described in , for example , magnetic poles being opposed to each other in a circumfer 
Japanese Patent Application Publication No . 2010 - 233346 ential direction of the rotor , have the same polarity ; a stator 
( JP 2010 - 233346 A ) . In such a rotary electric machine , the including a stator core having teeth opposed to rotor mag 
amount of magnetic flux generated by the permanent mag - 20 netic pole portions each interposed between one of the pairs 
nets is usually substantially constant , and thus the amount of of the embedded magnets of the rotor core , and coils wound 
magnetic flux of the rotor is also substantially constant . around the teeth ; a control device that causes the stator to 
Thus , the induced voltage ( counter electromotive voltage ) generate a rotating magnetic field by supplying electric 
generated at coils of a stator increases in proportion to the power to the coils ; and a magnetic flux supply element 
rotational speed of the rotor . When the induced voltage 25 supported by the rotary shaft so as to be rotatable relative to 
reaches the upper limit of power - supply voltage , it is no the rotary shaft , and having supply element magnetic pole 
longer possible to further increase the rotational speed of the portions formed by auxiliary magnets fixed to the magnetic 
rotor . Therefore , a rotary electric machine may be designed flux supply element . In the rotary electric machine , a relative 
such that the amount of magnetic flux of the rotor is rotation angle of the magnetic flux supply element relative 
suppressed to an amount at which the rotor is able to rotate 30 to the rotor during rotation of the rotor is allowed to be held 
at a sufficiently high speed . However , in this case , it is not at a weakening angle at which a polarity of each of the rotor 
possible to obtain sufficiently high torque in a low - speed magnetic pole portions and a polarity of the supply element 
rotation range . magnetic pole portion opposed to the rotor magnetic pole 

In recent years , there has been proposed a rotary electric portion are opposite to each other , and allowed to be held at 
machine that is able to rotate at high speed and output high 35 a strengthening angle at which the polarity of each of the 
torque in the low - speed rotation range by varying the rotor magnetic pole portions and the polarity of the supply 
amount of magnetic flux of a rotor , as described in , for element magnetic pole portion opposed to the rotor magnetic 
example , Japanese Patent No . 4225001 . The rotary electric pole portion coincide with each other , and the control device 
machine described in Japanese Patent No . 4225001 controls a d - axis current that is a current in a direction of a 
includes : a rotor having an inner rotor that holds first 40 magnetic flux of the rotor to change the relative rotation 
permanent magnets and an outer rotor that is located radially angle of the magnetic flux supply element . 
outward of the inner rotor and that holds multiple pairs of According to the aspect described above , when the rela 
second permanent magnets , and a rotor phase control tive rotation angle of the magnetic flux supply element is the 
mechanism that changes the phase ( rotation angle ) of the weakening angle , the polarity of each of the rotor magnetic 
outer rotor relative to the inner rotor in the rotational 45 pole portions and the polarity of the supply element mag 
direction . The rotor phase control mechanism controls the netic pole portion opposed to the rotor magnetic pole portion 
phase of the outer rotor to make the polarity of a magnetic are opposite to each other . Thus , part of the magnetic flux 
pole of each first permanent magnet and the polarity of a generated by the embedded magnets does not flow between 
rotor magnetic pole that is formed of a pair of second the stator and the rotor , and flows between the rotor and the 
permanent magnets and that is opposed in the radial direc - 50 magnetic flux supply element . As a result , the amount of 
tion to the magnetic pole of the first permanent magnet magnetic flux of the rotor ( interlinkage flux with respect to 
opposite to each other , thereby reducing the amount of the coils ) decreases , and thus , the rotor is allowed to rotate 
magnetic flux of the rotor and thus allowing the rotor to at high speed . On the other hand , when the relative rotation 
rotate at high speed . On the other hand , the rotor phase angle of the magnetic flux supply element is the strength 
control mechanism controls the phase of the outer rotor to 55 ening angle , the polarity of each of the rotor magnetic pole 
make the polarity of a magnetic pole of each first permanent portions and the polarity of the supply element magnetic 
magnet and the polarity of a rotor magnetic pole that is pole portion opposed to the rotor magnetic pole portion 
formed of a pair of second permanent magnets and that is coincide with each other . Thus , the magnetic flux generated 
opposed in the radial direction to the magnetic pole of the by the auxiliary magnets is added to the magnetic flux 
first permanent magnet coincide with each other , thereby 60 generated by the embedded magnet and flowing between the 
increasing the amount of magnetic flux of the rotor and thus stator and rotor . As a result , the amount of magnetic flux of 
allowing the rotor to output high torque . the rotor increases , and the rotary electric machine is 

In the rotary electric machine described in Japanese allowed to output high torque . 
Patent No . 4225001 , an oscillating motor , which is used as In this state , if the field weakening control is executed by 
the rotor phase control mechanism , is incorporated in the 65 controlling the d - axis current , the amount of magnetic flux 
rotor , and the phase of the outer rotor is controlled through flowing between the stator and the rotor decreases . There 
the operation of the oscillating motor . Therefore , it is inevi - fore , when the field weakening control is executed , the 
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relative rotation angle of the magnetic flux supply element FIG . 6 is a sectional view of a rotary electric machine 
is stably held at the weakening angle at which the amount of according to a second embodiment of the invention , in a 
magnetic flux of the rotor decreases . Therefore , when the section orthogonal to the axial direction of the rotary electric 
field weakening control is executed in the case where the machine ; 
relative rotation angle of the magnetic flux supply element5 5 FIG . 7A is a view schematically illustrating flows of 

magnetic flux in the case where the relative rotation angle of is the strengthening angle , the relative rotation angle of the a magnetic flux supply element in the second embodiment is magnetic flux supply element is changed to the weakening a weakening angle ; 
angle . On the other hand , when the field strengthening FIG . 7B is a view schematically illustrating flows of 
control is executed by controlling the d - axis current , the magnetic flux in the case where the relative rotation angle of 
amount of magnetic flux flowing between the stator and the the magnetic flux supply element in the second embodiment 
rotor increases . Therefore , when the field strengthening is is a strengthening angle ; 
executed , the relative rotation angle of the magnetic flux FIG . 8 is a sectional view of a rotary electric machine 
supply element is stably held at the strengthening angle at according to a third embodiment of the invention , taken 
which the amount of magnetic flux of the rotor increases . 15 along the axial direction of the rotary electric machine ; 
Therefore , when the field strengthening control is executed FIG . 9 is a sectional view of the rotary electric machine 

orthogonal to the axial direction of the rotary electric in the case where the relative rotation angle of the magnetic machine according to the third embodiment ( sectional view flux supply element is the weakening angle , the relative taken along the line B - B in FIG . 8 ) ; 
rotation angle of the magnetic flux supply element is FIG . 10? is a view schematically illustrating the vicinity 
changed to the strengthening angle . With the configuration 20 of a holding structure in the case where the relative rotation 
described above , the relative rotation angle of the magnetic angle of a magnetic flux supply element in the third embodi 
flux supply element can be changed by executing the field ment is a weakening angle ; 
weakening control or the field strengthening control through FIG . 10B is a view schematically illustrating the vicinity 
the control of the d - axis current that is supplied to the coils of the holding structure in the case where the relative 
of the stator . Therefore , it is not necessary to additionally 25 Onally 25 rotation angle of the magnetic flux supply element in the 
provide a structure for changing the relative rotation angle of third embodiment is a strengthening angle ; 

FIG . 11 is a sectional view of a rotary electric machine the magnetic field supply element , and the configuration of according to a fourth embodiment of the invention , taken the rotary electric machine is simplified . along the axial direction of the rotary electric machine ; 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 12 is a sectional view of the rotary electric machine 30 according to the fourth embodiment , in a section orthogonal 

to the axial direction of the rotary electric machine ( sectional The foregoing and further features and advantages of the view taken along the line C - C in FIG . 11 ) ; invention will become apparent from the following descrip FIG . 13 is a sectional view of a magnetic flux supply 
tion of example embodiments with reference to the accom - element in the fourth embodiment , in a section orthogonal to 
panying drawings , wherein like numerals are used to rep - 35 the axial direction : 
resent like elements and wherein : FIG . 14A is a view schematically illustrating flows of 

FIG . 1 is a sectional view of a rotary electric machine magnetic flux in the case where the relative rotation angle of 
according to a first embodiment of the invention , taken along the magnetic flux supply element in the fourth embodiment 
the axial direction of the rotary electric machine ; is a weakening angle , taken along the line E - E in FIG . 12 ; 

FIG . 2 is a sectional view of the rotary electric machine 40 FIG . 14B is a view schematically illustrating flows of 
according to the first embodiment , in a section orthogonal to magnetic flux in the case where the relative rotation angle of 
the axial direction of the rotary electric machine ( sectional the magnetic flux supply element in the fourth embodiment 
view taken along the line A - A in FIG . 1 ) ; is a strengthening angle , taken along the line E - E in FIG . 12 ; 

FIG . 3A is a view schematically illustrating flows of FIG . 15 is a sectional view of a rotary electric machine 
magnetic flux in the case where the rotation angle of a 45 according to a fifth embodiment of the invention , in a section 
magnetic flux supply element relative to a rotor in the first orthogonal to the axial direction of the rotary electric 

machine ; embodiment is a weakening angle ; FIG . 16 is a sectional view of a magnetic flux supply FIG . 3B is a view schematically illustrating flows of element in the fifth embodiment , in a section orthogonal to magnetic flux in the case where the rotation angle of the the axial direction ; magnetic flux supply element relative to the rotor in the first 50 FIG . 17 is a sectional view of a rotary electric machine embodiment is a strengthening angle ; according to a sixth embodiment of the invention , taken 
FIG . 4 is a graph illustrating the relationship between the along the axial direction of the rotary electric machine : 

rotation angle of the magnetic flux supply element relative FIG . 18 is a sectional view of a rotary electric machine 
to the rotor ( hereinafter , referred to as “ relative rotation according to a seventh embodiment of the invention , taken 
angle of the magnetic flux supply element " ) , and the torque 55 along the axial direction of the rotary electric machine ; 
acting between the magnetic flux supply element and the FIG . 19 is a sectional view of a stator in the seventh 
rotor ; embodiment , in a section orthogonal to the axial direction of 

FIG . 5A is a view schematically illustrating flows of the stator ( sectional view taken along the line F - F in FIG . 
magnetic flux at the moment when field weakening control 18 ) ; and 
is executed in the case where the relative rotation angle of 60 FIG . 20 is a sectional view of a rotary electric machine 
the magnetic flux supply element in the first embodiment is according to a modified example , in a section orthogonal to 
a strengthening angle ; the axial direction of the rotary electric machine . 

FIG . 5B is a view schematically illustrating flows of 
magnetic flux at the moment when field weakening control DETAILED DESCRIPTION OF EMBODIMENTS 
is executed in the case where the relative rotation angle of 65 
the magnetic flux supply element in the first embodiment is Hereinafter , a rotary electric machine according to a first 
a weakening angle ; embodiment of the invention will be described with refer 

he : 
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ence to the accompanying drawings . A rotary electric shape , which extend from a radially inner end portion of the 
machine ( electric motor ) 1 illustrated in FIG . 1 and FIG . 2 main hole section 31al to respective sides in the circum 
is used as a drive source for , for example , an electric vehicle ferential direction . Each hollow portion 316 as well as each 
or a hybrid vehicle . As illustrated in FIG . 1 and FIG . 2 , the hollow portion 3la has a main hole section 31b1 and holding 
rotary electric machine 1 includes a tubular housing 2 , a 5 hole sections 31b2 . 
stator 3 accommodated in the housing 2 , a rotor 4 disposed Each embedded magnet 23a is formed of a main magnet 
radially inward of the stator 3 so as to be opposed to the 23al fitted in the main hole section 31al of the hollow 
inner periphery of the inner periphery of ) the stator 3 across portion 31a , and holding magnets 23a2 fitted in the holding 
a gap , and a control device 5 that causes the stator 3 to hole sections 31a2 . Each main magnet 23al is made of a 
generate a rotating magnetic field by supplying electric 10 segment magnet formed in a rectangular plate shape . The 
power to the stator 3 . That is , the rotary electric machine 1 shape of the main magnet 23al in a section orthogonal to the 
according to the present embodiment is configured as an axial direction of the rotor 4 is a rectangular shape corre 
inner rotor - type radial gap motor . sponding to the sectional shape of the main hole section 

The housing 2 has a bottomed cylindrical housing body 6 31al . Each holding magnet 23a2 is made of a segment 
of which one end ( the right end in FIG . 1 ) is open , and a 15 magnet formed in a rectangular plate shape . The shape of the 
disc - shaped cover 7 disposed so as to close the open end of holding magnet 23a2 in a section orthogonal to the axial 
the housing body 6 . An insertion hole 8 is formed at the direction of the rotor 4 is a rectangular shape corresponding 
center of a bottom portion ba of the housing body 6 so as to to the sectional shape of the holding hole section 31a2 . The 
pass through the bottom portion ba in the axial direction , and main magnets 23al are fitted in the main hole sections 31al 
an insertion hole 9 is formed at the center of the cover 7 so 20 and the holding magnets 23a2 are fitted in the holding hole 
as to pass through the cover 7 in the axial direction . sections 31a2 , so that the embedded magnets 23a are fixed 

The stator 3 includes a stator core 13 formed of a to the core body 25 ( rotor core 22 ) . Each embedded magnet 
cylindrical portion 11 fixed to the inner periphery of a 23b as well as each embedded magnet 23a is formed of a 
tubular portion 6b of the housing body 6 and multiple main magnet 23b1 and holding magnets 2352 . The main 
( twelve , in the present embodiment ) teeth 12 that extend 25 magnets 23b1 are fitted in the main hole sections 31b1 and 
radially inward from the cylindrical portion 11 . The stator the holding magnets 23b2 are fitted in the holding hole 
core 13 is formed by laminating multiple magnetic steel sections 31b2 , so that the embedded magnets 23b are fixed 
sheets such as silicon steel sheets . Multiple ( twelve , in the to the core body 25 . 
present embodiment ) coils 15 are wound around the respec - The main magnets 23al , 23b1 in one pair of the embed 
tive teeth 12 . Connection end portions 15a of the coils 15 are 30 ded magnets 23a , 23b are magnetized along their plate 
drawn out of the housing 2 and connected to the control thickness direction ( the direction substantially coincides 
device 5 . with the circumferential direction of the rotor 4 ) such that 

The rotor 4 includes a cylindrical rotor core 22 fixed to a the main magnets 23a1 , 23b1 are opposed to each other at 
rotary shaft 21 so as to be rotatable together with the rotary their magnetic poles having one polarity ( for example , the 
shaft 21 , and multiple pairs ( four pairs , in the present 35 north pole ) in the circumferential direction . Thus , each main 
embodiment ) of embedded magnets 23a , 23b fixedly magnet 23al and the main magnet 23b1 disposed on one 
embedded in the rotor core 22 . That is , the rotor 4 according side of the main magnet 23a in the circumferential direction 
to the present embodiment is configured as a so - called are opposed to each other at their magnetic poles having the 
magnet embedded rotor . one polarity ( for example , the north pole ) , and the magnet 

Specifically , the rotary shaft 21 is formed in a columnar 40 23al and the main magnet 23b1 disposed on the other side 
shape , and rotatably supported via bearings 24a , 24b dis - of the magnet 23al in the circumferential direction are 
posed in the insertion hole 8 of the bottom portion 6a and the opposed to each other at their magnetic poles having the 
insertion hole 9 of the cover 7 , respectively . The rotor core other polarity ( for example , south pole ) . That is , each main 
22 has a core body 25 in which the embedded magnets 23a , magnet 23al is magnetized such that the main magnet 23a1 
23b are embedded , and a pair of coupling members 26 45 and the main magnet 23b1 disposed on the one side of the 
fixedly coupled to respective ends of the core body 25 so as magnet 23al in the circumferential direction are opposed to 
to be rotatable together with the rotary shaft 21 . Each each other at their magnetic poles having the same polarity , 
coupling member 26 is formed in an annular shape . The and , in addition , the main magnet 23al and the main magnet 
inner periphery of each coupling member 26 , which defines 23b1 disposed on the other side of the magnet 23al in the 
a fitting hole 32 formed at the center of the coupling member 50 circumferential direction are opposed to each other at their 
26 , is press - fitted onto the outer periphery of the rotary shaft magnetic poles having the same polarity . Each embedded 
21 . Thus , the coupling members 26 are coupled to the rotary magnet 23a and the adjacent embedded magnet 23b dis 
shaft 21 so as to be rotatable together with the rotary shaft posed on one side of the embedded magnet 23a in the 
21 . The core body 25 is formed by laminating multiple circumferential direction form a pair of the embedded mag 
magnetic steel sheets , and each coupling member 26 is made 55 nets 23a , 236 , and , in addition , each embedded magnet 23a 
of a non - magnetic material such as stainless steel . and the adjacent embedded magnet 23b disposed on the 

As illustrated in FIG . 2 , the core body 25 is formed as a other side of the embedded magnet 23a in the circumferen 
relatively thick cylindrical member . Multiple pairs of hollow tial direction form a pair of the embedded magnets 23a , 23b . 
portions 31a , 31b in which the embedded magnets 23a , 236 Thus , eight rotor magnetic pole portions 33 interposed 
are respectively disposed are formed in the core body 25 at 60 between the embedded magnets 23a , 23b are formed in the 
equal angular intervals in the circumferential direction . Each rotor core 22 by four pairs of the embedded magnets 23a , 
hollow portion 31a is formed as a hole that passes through 23b . In addition , the rotor magnetic pole portions 33 having 
the core body 25 in the axial direction . As illustrated in an one polarity and the rotor magnetic pole portions 33 having 
enlarged view in FIG . 2 , the hollow portion 31a has a main the other polarity are arranged alternately in the circumfer 
hole section 31al in a rectangular sectional shape , of which 65 ential direction . The rotor magnetic pole portions 33 are 
the longitudinal direction extends along the radial direction , opposed to the teeth 12 of the stator 3 across a gap in the 
and holding hole sections 31a2 in a rectangular sectional radial direction . The holding magnets 23a2 , 2362 are mag 
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netized along their plate thickness direction ( the direction Segment magnet formed in a rectangular plate shape is 
substantially coincides with the circumferential direction of adopted as each auxiliary magnet 44 . The shape of each 
the rotor 4 ) such that their rotor magnetic pole portion auxiliary magnet 44 in a section orthogonal to the axial 
33 - side magnetic poles have the same polarity as that of the direction the rotor 4 is a rectangular shape corresponding to 
corresponding rotor magnetic pole portions 33 ( refer to FIG . 5 the sectional shape of each hollow portion 48 , and the 
3 ) . auxiliary magnets 44 are fixed to the supply element core 43 
As illustrated in FIG . 1 , the control device 5 causes the by being inserted into the hollow portions 48 . That is , each 

stator 3 to generate a rotating magnetic field by supplying auxiliary magnet 44 is formed such that its middle position 
driving electric power in three phases to the coils 15 based in the circumferential direction is radially opposed to the 
on a d - axis current and a q - axis current in a two - phase " middle position of the corresponding rotor magnetic pole 
rotating coordinate system ( d / q coordinate system ) in accor - portion 33 in the circumferential direction , and its opposite 
dance with the rotation angle of the rotor 4 . The d - axis end portions in the longitudinal direction are radially 
current is a current for causing the stator 3 to generate a opposed to the holding magnets 23a2 , 23b2 . The auxiliary 
magnetic field in the magnetic flux direction ( d - axis direc - 1 magnets 44 are magnetized along their plate thickness 
tion ) of the rotor 4 ( rotor magnetic pole portion 33 ) , and the direction ( the direction substantially coincides with the 
q - axis current is a current for causing the stator 3 to generate radial direction of the rotor 4 ) such that the polarities of 
a magnetic field in a q - axis direction that is offset from the supply element magnetic pole portions 49 formed by the 
d - axis direction by 90° in electrical angle . In rotary electric auxiliary magnets 44 alternate in the circumferential direc 
machine 1 , the rotor 4 is rotated based on the relationship 20 tion . 
between the rotating magnetic field generated by the stator Therefore , as illustrated in FIG . 3A , at a weakening angle 
3 and magnetic flux that flows between the stator 3 and the at which the polarity of each rotor magnetic pole portion 33 
rotor 4 . and the polarity of the magnetic pole of the supply element 

The configuration for varying the amount of magnetic flux magnetic pole portion 49 ( the auxiliary magnet 44 ) , which 
of the rotor 4 ( amount of magnetic flux that flows between 25 is radially opposed to the rotor magnetic pole portion 33 , are 
stator 3 and rotor 4 ) will be described below . As illustrated opposite to each other , part of the magnetic flux generated by 
in FIG . 1 and FIG . 2 , the rotary electric machine 1 includes the embedded magnets 23a , 23b does not flow between the 
a cylindrical magnetic flux supply element 41 that is dis stator 3 and the rotor 4 , and flows between the rotor 4 and 
posed radially inward of the rotor 4 across a gap , and that is the magnetic flux supply element 41 . Thus , the amount of 
rotatable relative to the rotor 4 . The rotary electric machine 30 magnetic flux of the rotor 4 ( interlinkage flux with respect to 
1 is configured such that the amount of magnetic flux of the the coils 15 ) decreases , and , as a result , it is possible to 
rotor 4 is varied by changing the rotation angle of the suppress an increase in the induced voltage , thereby allow 
magnetic flux supply element 41 relative to the rotor 4 . ing the rotor 4 to rotate at high speed . In the state where the 

The magnetic flux supply element 41 includes a cylindri - magnetic flux supply element 41 is at a weakening angle , the 
cal supply element core 43 , and a plurality of auxiliary 35 polarity of each rotor magnetic pole portion 33 and the 
magnets 44 fixed to the supply element core 43 . In the polarity of the corresponding supply element magnetic pole 
magnetic flux supply element 41 according to the present portion 49 are opposite to each other , and thus the relative 
embodiment , the auxiliary magnets 44 the number of which rotation angle of the magnetic flux supply element 41 
is equal to the number of the magnetic poles of the rotor 4 relative to the rotor 4 ( hereinafter , referred to as “ relative 
( the number of the rotor magnetic pole portions 33 ) are 40 rotation angle of the magnetic flux supply element 41 ” ) is 
disposed . held by a magnetic attraction force acting between the rotor 

The supply element core 43 is formed of a cylindrical magnetic pole portions 33 and the supply element magnetic 
support member 45 , and a cylindrical magnet holding mem - pole portions 49 . Note that , in the drawings , the magneti 
ber 46 fixed to the outer periphery of the support member 45 . Zation directions of the magnets are indicated by bold 
The support member 45 is made of a magnetic material , and 45 arrows , and the flows of magnetic flux are indicated by 
the magnet holding member 46 is formed by laminating a dashed arrows . 
plurality of magnetic steel sheets . Opposite ends of the On the other hand , as illustrated in FIG . 3B , when the 
support member 45 are supported so as to be rotatable relative rotation angle of the magnetic flux supply element 
relative to the housing 2 and the rotor 4 via bearings 47a , 41 is a strengthening angle at which the polarity of each 
47b disposed on the outer periphery of the rotary shaft 21 . 50 rotor magnetic pole portion 33 and the polarity of the 
As illustrated in FIG . 2 , in the magnet holding member magnetic pole of the supply element magnetic pole portion 

46 , multiple hollow portions 48 in which the auxiliary 49 , which is radially opposed to the rotor magnetic pole 
magnets 44 are respectively disposed are formed at equal portion 33 , coincide with each other , the magnetic flux of the 
angular intervals in the circumferential direction . Each hol - magnetic flux supply elements 41 is added to the magnetic 
low portion 48 is formed as a hole extending in the axial 55 flux of the embedded magnets 23a , 23b , which flows 
direction and having a rectangular sectional shape , and between the stator 3 and the rotor 4 . Thus , the amount of 
formed such that the longitudinal direction of the rectangular magnetic flux of the rotor 4 increases , and , as a result , it is 
sectional shape is substantially orthogonal to a radial line possible to generate high torque . In this state , the opposite 
that passes through the center of the rectangular sectional end portions of each auxiliary magnet 44 in the circumfer 
shape in the longitudinal direction . As illustrated in the 60 ential direction are radially opposed to the holding magnets 
enlarged view in FIG . 2 , each hollow portion 48 is formed 23a2 , 23b2 that are opposite in polarity to the end portions 
such that its middle position in the circumferential direction of the auxiliary magnet 44 . That is , parts of each auxiliary 
is radially opposed to the middle position of the correspond magnet 44 are opposed to the magnetic poles of the corre 
ing rotor magnetic pole portion 33 in the circumferential sponding embedded magnets 23a , 23b , the magnetic poles 
direction , and its opposite end portions in the longitudinal 65 having the polarity opposite to that of the rotor magnetic 
direction are radially opposed to the holding hole sections pole portion 33 - side magnetic poles . Thus , the relative 
31a2 , 3162 of the hollow portions 31a , 31b of the rotor 4 . rotation angle of the magnetic flux supply element 41 is held 
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by the magnetic attraction force acting between the auxiliary rotor 4 , so that the relative rotation angle of the magnetic 
magnets 44 and the embedded magnets 23a , 23b ( holding flux supply element 41 is stably held at a weakening angle 
magnets 23a2 , 2362 ) . at which the polarity of each rotor magnetic pole portion 33 

The torque acting between the rotor 4 and the magnetic and the polarity of the supply element magnetic pole portion 
flux supply element 41 configured as described above varies 5 49 , which is radially opposed to the magnetic pole portion 
as illustrated in FIG . 4 , and becomes zero at an angle at 33 , are opposite to each other ( refer to FIG . 3A ) . 
which the relative rotation angle of the magnetic flux supply On the other hand , if the field strengthening control is 
element 41 becomes a weakening angle or a strengthening executed and the magnetic pole having the polarity opposite 
angle . In FIG . 4 , the torque in a direction in which the to that of the rotor magnetic pole portion 33 is generated in 
magnetic flux supply element 41 is rotated clockwise rela - 10 a portion of the stator 3 , which is opposed to the rotor 
tive to the rotor 4 is indicated by a positive value , and the magnetic pole portion 33 , the amount of magnetic flux that 
torque in a direction in which the magnetic flux supply flows between the rotor 4 and the stator 3 increases . In the 
element 41 is rotated counterclockwise relative to the rotor state where the field strengthening control is executed , the 
4 is indicated by a negative value . relative rotation angle of the magnetic flux supply element 

A change ( operation ) in the relative rotation angle of the 15 41 is stably held at a strengthening angle at which the 
magnetic flux supply element 41 will be described below . amount of magnetic flux of the rotor 4 increases . Therefore , 
The control device 5 instantaneously supplies the d - axis if the field strengthening control is executed when the 
current to the coils 15 of the stator 3 and executes field relative rotation angle of the magnetic flux supply element 
weakening control or field strengthening control , thereby 41 is a weakening angle , the relative rotation angle of the 
changing the relative rotation angle of the magnetic flux 20 magnetic flux supply element 41 is changed to a strength 
supply element 41 . The control device 5 executes the field ening angle . 
strengthening when changing the relative rotation angle of Specifically , as illustrated in FIG . 5B , if the field strength 
the magnetic flux supply element 41 from a weakening angle ening control is executed when the relative rotation angle of 
to a strengthening angle , and executes the field weakening the magnetic flux supply element 41 is a weakening angle 
control when changing the relative rotation angle of the 25 ( refer to FIG . 3A ) , in the rotor magnetic pole portions 33 of 
magnetic flux supply element 41 from a strengthening angle which the polarity is the north pole , part of the magnetic flux 
to a weakening angle . The control device 5 according to the that has been flowing to the magnetic flux supply element 41 
present embodiment sets a target value of the d - axis current side flows to the stator 3 side , and , in the rotor magnetic pole 
to zero at the time of normal driving , that is , at times other portions 33 of which the polarity is the south pole , part of the 
than changing the relative rotation angle of the magnetic flux 30 magnetic flux that has been flowing therein from the mag 
supply element 41 . netic flux supply element 41 side flows therein from the 

In the state where the d - axis current is zero , the magnetic stator 3 side . Thus , repulsive force is generated by drawing 
field generated at the stator 3 is generated along the q - axis the magnetic flux from the rotor magnetic pole portions 33 
direction that is offset from the magnetic flux direction of which the polarity is the north pole into the supply 
( d - axis direction of the rotor 4 by 90° in electrical angle . In 35 element magnetic pole portions 49 , and repulsive force is 
this case , if the field weakening control is executed and the generated by causing the magnetic flux to flow from the 
magnetic pole having the same polarity as that of the rotor supply element magnetic pole portions 49 into the rotor 
magnetic pole portion 33 is generated in a portion of the magnetic pole portions 33 of which the polarity is the south 
stator 3 , which is opposed to the rotor magnetic pole portion pole . As a result , the magnetic flux supply element 41 rotates 
33 , the amount of magnetic flux that flows between the rotor 40 relative to the rotor 4 , so that the relative rotation angle of 
4 and the stator 3 decreases . In the state where the field the magnetic flux supply element 41 is stably held at a 
weakening control is executed , the relative rotation angle of strengthening angle at which the polarity of each rotor 
the magnetic flux supply element 41 is stably held at a magnetic pole portion 33 and the polarity of the supply 
weakening angle at which the amount of magnetic flux of the element magnetic pole portion 49 , which is radially opposed 
rotor 4 decreases . Therefore , if the field weakening control 45 to the magnetic pole portion 33 , coincide with each other 
is executed when the relative rotation angle of the magnetic ( refer to FIG . 3B ) . 
flux supply element 41 is a strengthening angle , the relative Advantageous effects produced by the present embodi 
rotation angle of the magnetic flux supply element 41 is ment will be described below . Because the relative rotation 
changed to a weakening angle . angle of the magnetic flux supply element 41 can be changed 

Specifically , as illustrated in FIG . 5A , if the field weak - 50 by executing the field weakening control or the field 
ening control is executed when the relative rotation angle of strengthening control through the control of the d - axis 
the magnetic flux supply element 41 is a strengthening angle current that is supplied to the coils 15 of the stator 3 , it is not 
( refer to FIG . 3B ) , in the rotor magnetic pole portions 33 of necessary to additionally provide a configuration for chang 
which the polarity is the north pole , part of the magnetic flux ing the relative rotation angle of the magnetic flux supply 
that has been flowing to the stator 3 side flows to the 55 element 41 . As a result , it is possible to simplify the 
magnetic flux supply element 41 side , and , in the rotor configuration of the rotary electric machine 1 . 
magnetic pole portions 33 of which the polarity is the south Because the relative rotation angle of the magnetic flux 
pole , part of the magnetic flux that has been flowing to the supply element 41 is held at a weakening angle or a 
magnetic flux supply element 41 side flows to the stator 3 strengthening angle based only on the balance of the mag 
side . Thus , repulsive force is generated by causing the 60 netic forces that act between the rotor 4 and the magnetic 
magnetic flux to flow from the supply element magnetic pole flux supply element 41 , it is possible to further simplify the 
portions 49 into the rotor magnetic pole portions 33 of which configuration of the rotary electric machine 1 . Moreover , it 
the polarity is the north pole , and repulsive force is gener is possible to reduce the absolute value of the d - axis current 
ated by drawing the magnetic flux from the rotor magnetic that is supplied to the coils 15 when the relative rotation 
pole portions 33 of which the polarity is the south pole into 65 angle of the magnetic flux supply element 41 is changed . 
the supply element magnetic pole portions 49 . As a result , A rotary electric machine according to a second embodi 
the magnetic flux supply element 41 rotates relative to the ment of the invention will be described with reference to the 
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drawings . For convenience of description , the same con - that is radially opposed to the rotor magnetic pole portion 33 
figurations as those in the first embodiment will be denoted are opposite to each other . Thus , the relative rotation angle 
by the same reference symbols as those in the first embodi - of the magnetic flux supply element 41 is held by the 
ment , and description thereof will be omitted . magnetic attraction force that acts between the rotor mag 

As illustrated in FIG . 6 , hollow portions 31a , 31b of a 5 netic pole portions 33 and the supply element magnetic pole 
rotor core 22 are respectively formed of only the main hole portions 49 . 
sections 31al , 31b1 in the first embodiment . The shape of On the other hand , as illustrated in FIG . 7B , in the state 
each of the hollow portions 31a , 31b in a section orthogonal where the relative rotation angle of the magnetic flux supply 
to the axial direction of a rotor 4 is a rectangular shape . The element 41 is a strengthening angle , the magnetic flux of the 
hollow portion 31a and the hollow portion 31b are apart 10 magnetic flux supply element 41 is added to the magnetic 
from each other in the circumferential direction , and formed flux of the embedded magnets 23a , 23b that flows between 
such that the longitudinal directions of the rectangular the stator 3 and the rotor 4 . As a result , the amount of 
sections thereof are substantially parallel to each other . magnetic flux of the rotor 4 increases . Further , in this state , 

Embedded magnets 23a , 23b are respectively formed of each auxiliary magnet 44 extends over a range in the 
only the main magnets 23al , 23b1 in the first embodiment . 15 circumferential direction , which is wider than a range in the 
The shapes of the embedded magnets 23a , 23b in a section rotor 4 in the circumferential direction , in which a pair of the 
orthogonal to the axial direction of the rotor 4 are rectan - embedded magnets 23a , 23b is disposed . Thus , the relative 
gular shapes corresponding to the sectional shapes of the rotation angle of the magnetic flux supply element 41 is held 
hollow portions 31a , 316 . The embedded magnets 23a , 23b by the magnetic attraction force that acts between the 
are fixed to a core body 25 ( rotor core 22 ) by being inserted 20 opposite end portions of each auxiliary magnet 44 in the 
into the hollow portions 31a , 3 lb . The embedded magnets circumferential direction and the magnetic poles of the 
23a , 23b in one pair are magnetized along their plate embedded magnets 23a , 23b having the polarity opposite to 
thickness direction such that the embedded magnets 23a , the polarity of the magnetic poles on the rotor magnetic pole 
23b are opposed to each other at their magnetic poles having portion 33 side . 
one polarity in the circumferential direction , as in the first 25 The torque that acts between the rotor 4 and the magnetic 
embodiment . Thus , eight rotor magnetic pole portions 33 flux supply element 41 configured as described above varies 
interposed between the embedded magnets 23a , 23b are in a manner similar to that in the first embodiment ( refer to 
formed in the rotor core 22 by four pairs of the embedded FIG . 4 ) , and becomes zero at an angle at which the relative 
magnets 23a , 23b . In addition , the rotor magnetic pole rotation angle of the magnetic flux supply element 41 
portions 33 having one polarity and the rotor magnetic pole 30 becomes a weakening angle or a strengthening angle . The 
portions 33 having the other polarity are arranged alternately relative rotation angle of the magnetic flux supply element 
in the circumferential direction . 41 is changed by instantaneously supplying the d - axis 

Auxiliary magnets 44 the number of which is half the current from the control device 5 to the coils 15 of the stator 
number of the magnetic poles of the rotor 4 are disposed in 3 and executing the field weakening control or the field 
a magnetic flux supply element 41 according to the present 35 strengthening control . 
embodiment . Hollow portions 48 of a supply element core As described above , according to the present embodi 
43 ( magnet holding member 46 ) are each formed as a hole ment , it is possible to produce the advantageous effect 
having a rectangular section , and the length of the rectan - similar to those in the first embodiment . 
gular section in its longitudinal direction is set longer than rotary electric machine according to a third embodi 
the distance between the embedded magnets 23a , 23b in one 40 ment of the invention will be described with reference to the 
pair . The shape of each auxiliary magnet 44 in a section drawings . For convenience of description , the same con 
orthogonal to its axial direction is a rectangular shape figurations as those in the first embodiment will be denoted 
corresponding to the sectional shape of each hollow portion by the same reference symbols as those in the first embodi 
48 . The auxiliary magnets 44 are fixed to the supply element ment , and description thereof will be omitted . 
core 43 by being inserted into the hollow portions 48 . Then , 45 As illustrated in FIG . 8 and FIG . 9 , multiple pairs of the 
the auxiliary magnets 44 are magnetized along the radial hollow portions 31a , 31b are formed in a rotor core 22 
direction such that only one polarity appears on the outer according to the present embodiment . The number of the 
peripheral side of the supply element core 43 . Thus , cir - pairs of the hollow portions 31a , 31b is the same as the 
cumferential ranges in the supply element core 43 , in which number of rotor magnetic pole portions 33 . The hollow 
the auxiliary magnets 44 are disposed , are formed as the 50 portions 31a , 31b are respectively formed of only the main 
supply element magnetic pole portions 49 having one polar - hole sections 31al , 31b1 in the first embodiment , and the 
ity , and circumferential ranges in the supply element core 43 , shape of each of the hollow portions 31a , 31b in a section 
which are located between the adjacent auxiliary magnets orthogonal to the axial direction is formed in a rectangular 
44 , are formed as the supply element magnetic pole portions shape . The hollow portion 31a and the hollow portion 31b 
49 having the other polarity . That is , the magnetic flux 55 are apart from each other in the circumferential direction , 
supply element 41 according to the present embodiment is and formed such that the longitudinal directions of the 
formed as a so - called half magnet - type ( consequent pole - rectangular sections of the hollow portions 31a , 31b are 
type ) rotor . inclined in the opposite directions with respect to the radial 

Therefore , as illustrated in FIG . 7A , in the state where the direction . 
relative rotation angle of the magnetic flux supply element 60 Embedded magnets 23a , 23b are respectively formed of 
41 is a weakening angle , part of the magnetic flux generated only the main magnets 23al , 23b1 in the first embodiment . 
by the embedded magnets 23a , 23b does not flow between The shape of each of the embedded magnets 23a , 23b in a 
the stator 3 and the rotor 4 , and flows between the rotor 4 and section orthogonal to the axial direction of the rotor 4 is 
the magnetic flux supply element 41 . As a result , the amount formed in a rectangular shape corresponding to the sectional 
of magnetic flux of the rotor 4 decreases . Further , in this 65 shape of each of the hollow portions 31a , 31b . The embed 
state , the polarity of each rotor magnetic pole portion 33 and ded magnets 23a , 23b are fixed to a core body 25 ( rotor core 
the polarity of the supply element magnetic pole portion 49 22 ) by being inserted into the hollow portions 31a , 316 . The 
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embedded magnets 23a , 23b are magnetized along their holding member 52 is urged to be moved by the coil spring 
plate thickness direction such that the embedded magnets 53 , and the first engagement portion 54 , which is a projec 
23a , 23b are opposed to each other at their magnetic poles tion , is engaged with the second engagement portion 55 , 
having one polarity ( the north pole or the south pole ) in the which is a recess , so that the relative rotation angle of the 
circumferential direction , and the rotor magnetic pole por - 5 magnetic flux supply element 41 is held . The magnitude of 
tions 33 in the rotor core 22 , interposed between the embed urging force of the coil spring 53 ( proportional to the elastic 
ded magnets 23a , 23b and having one polarity , and the rotor modulus of the coil spring 53 ) is set to such a magnitude 
magnetic pole portions 33 in the rotor core 22 , interposed that , depending on the magnetic attraction force and the 
between the embedded magnets 23a , 23b and having the repulsive force that act between the embedded magnets 23a , 
other polarity , are arranged alternately in the circumferential 10 23b and the auxiliary magnets 44 , the rotor 4 and the 
direction . Thus , eight rotor magnetic pole portions 33 are magnetic flux supply element 41 do not rotate relative to 
formed in the rotor core 22 by eight pairs of the embedded each other and the first engagement portion 54 and the 
magnets 23a , 23b . second engagement portion 55 are not disengaged from each 

Each auxiliary magnet 44 is formed such that the length other . 
of its section in the longitudinal direction is shorter than the 15 A change ( operation ) in the relative rotation angle of the 
distance between the embedded magnets 23a , 23b at a magnetic flux supply element 41 will be described below . As 
position at which the distance therebetween is shortest . That illustrated in FIG . 10A , in the state where the relative 
is , each auxiliary magnet 44 is formed so as not to be radially rotation angle of the magnetic flux supply element 41 is a 
opposed to the embedded magnets 23a , 23b in the state weakening angle , the first engagement portion 54 of the first 
where the magnetic flux supply element 41 is at a weakening 20 holding member 52 comes into contact with a flat portion of 
angle or a strengthening angle . the opposed surface of the support member 45 . In this state , 

The rotary electric machine 1 according to the present if the field strengthening control is executed , the relative 
embodiment is provided with a holding structure for holding rotation angle of the magnetic flux supply element 41 
the relative rotation angle of the magnetic flux supply becomes a strengthening angle as in the first embodiment . 
element 41 at a strengthening angle . As illustrated in FIG . 8 , 25 As a result , as illustrated in FIG . 10B , the first engagement 
a bottomed cylindrical case 51 that opens toward the mag - portion 54 ( projection ) of the first holding member 52 is 
netic flux supply element 41 in the axial direction is fixed to engaged with the second engagement portion 55 ( recess ) 
the coupling member 26 of the rotor 4 , which is on one side that is axially opposed to the first engagement portion 54 , 
( left side in FIG . 8 ) in the axial direction . The case 51 and the relative rotation angle of the magnetic flux supply 
accommodates a rod - like first holding member 52 and a coil 30 element 41 is held at a strengthening angle . 
spring 53 that may function as a holding - member urging As illustrated in FIG . 10B , if the field weakening control 
member that urges the first holding member 52 toward the is executed in the state where the relative rotation angle of 
magnetic flux supply element 41 . The case 51 is fixed to the the magnetic flux supply element 41 is a strengthening 
coupling member 26 at a position in the circumferential angle , the magnetic flux supply element 41 rotates relative 
direction , at which the case 51 is axially opposed to the rotor 35 to the rotor , so that the relative rotation angle of the magnetic 
magnetic pole portion 33 having one polarity ( for example , flux supply element 41 becomes a weakening angle , as in the 
the north pole ) . A first engagement portion 54 in a convex first embodiment . In this state , because the surfaces 54a , 55a 
shape is formed at the distal end of the first holding member of the first and second engagement portions 54 , 55 are 
52 . The first engagement portion 54 in the present embodi - inclined with respect to the circumferential direction as 
ment is formed in a hemispherical shape , and a surface 40 described above , if the rotor 4 and the magnetic flux supply 
( outer surface ) 54a of the first engagement portion 54 is element 41 rotate relative to each other , a pressing force in 
inclined with respect to the circumferential direction ( rota - a direction opposite to the urging direction of the coil spring 
tional direction ) of the rotor 4 . That is , in the present 53 acts on the first holding member 52 . Thus , the first 
embodiment , the surface 54a may function as an inclined holding member 52 is pushed back into the case 51 against 
surface . 45 the urging force of the coil spring 53 , so that the engagement 

In an opposed surface of the support member 45 , which between the first engagement portion 54 ( projection ) and the 
is axially opposed to the coupling member 26 , there are second engagement portion 55 recess ) is cancelled as 
formed multiple ( four , in the present embodiment ) second illustrated in FIG . 10A , and the relative rotation angle of the 
engagement portions 55 in a concave shape , with which the magnetic flux supply element 41 becomes a weakening 
first engagement portion 54 is engaged . In the present 50 angle . 
embodiment , the support member 45 is formed as a second As described above , according to the present embodi 
holding member . Each second engagement portion 55 is ment , it is possible to produce the following advantageous 
formed in the support member 45 , at a position in the effect in addition to the advantageous effects in the first 
circumferential direction , at which the second engagement embodiment . When the relative rotation angle of the mag 
portion 55 is axially opposed to the auxiliary magnet 44 55 netic flux supply element 41 becomes a strengthening angle , 
disposed such that its magnetic pole having one polarity the first engagement portion 54 ( projection of the first 
faces outward in the radial direction . A surface 55a ( inner holding member 52 that rotates together with the rotor 4 and 
surface ) of each second engagement portion 55 is formed in the second engagement portion 55 ( recess ) of the magnetic 
such a hemispherical shape that the substantially entire flux supply element 41 are engaged with each other , so that 
surface 54a of the first engagement portion 54 comes into 60 the relative rotation angle of the magnetic flux supply 
contact with the surface 55a of the second engagement element 41 is held at a strengthening angle . As a result , it is 
portion 55 , and is inclined with respect to the circumferential possible to reliably hold the relative rotation angle of the 
direction ( rotational direction ) of the rotor 4 . That is , in the magnetic flux supply element 41 at a strengthening angle . 
present embodiment , the surface 55a may function as an A rotary electric machine according to a fourth embodi 
inclined surface . 65 ment of the invention will be described with reference to the 
When the relative rotation angle of the magnetic flux drawings . For convenience of description , the same con 

supply element 41 becomes a strengthening angle , the first figurations as those in the first embodiment will be denoted 
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by the same reference symbols as those in the first embodi the rotor magnetic pole portions 66 having one polarity and 
ment , and description thereof will be omitted . the rotor magnetic pole portions 66 having the other polarity 
As illustrated in FIG . 11 and FIG . 12 , a rotor 4 in the are arranged alternately in the circumferential direction . The 

present embodiment includes a cylindrical rotor core 61 and holding magnets 62a2 , 6262 are magnetized along their 
multiple pairs ( four pairs , in the present embodiment ) of 5 plate thickness direction ( the direction substantially coin 
embedded magnets 62a , 62b that are fixedly embedded in cides with the circumferential direction of the rotor 4 ) such the rotor core 61 . A fitting hole 63 that passes through the that their rotor magnetic pole portion 66 - side magnetic poles 
rotor core 61 in the axial direction is formed at the center of have the same polarity as that of the corresponding rotor the rotor core 61 . The wall surface of the fitting hole 63 is magnetic pole portions 66 . fitted onto the outer periphery of a rotary shaft 21 , so that the 10 As illustrated in FIG . 11 and FIG . 13 , the magnetic flux rotor core 61 is rotatable together with the rotary shaft 21 . supply element 41 in the present embodiment is disposed on The rotor core 61 is formed by laminating a plurality of one end side of the rotor 4 in the axial direction across a gap , magnetic steel sheets . 

As illustrated in FIG . 12 , multiple pairs ( four pairs , in the and is disposed so as to be rotatable relative to the rotor 4 . 
present embodiment ) of hollow portions 64g . 645 in which 15 The magnetic flux supply element 41 includes a disc - shaped 
the embedded magnets 62a , 62b are disposed are formed in supply element core 71 and a plurality of auxiliary magnets 
the rotor core 61 at equal angular intervals in the circum - 72 fixed to the supply element core 71 . The magnetic flux 
ferential direction . As illustrated in an enlarged view in FIG . supply element 41 in the present embodiment is provided 
12 , each hollow portion 64a is formed as a hole that passes with the auxiliary magnets 72 the number of which is equal 
through the rotor core 61 in the axial direction . Each hollow 20 to the number of the rotor magnetic pole portions 66 . 
portion 64a has a main hole section 64al in a rectangular A through - hole 73 that passes through the supply element 
sectional shape , of which the longitudinal direction extends core 71 in the axial direction is formed at the center of the 
along the radial direction , and holding hole sections 64a2 in supply element core 71 . The supply element core 71 is 
a square sectional shape , which extend from a radially outer rotatably supported by the rotary shaft 21 via a bearing 74 
end portion of the main hole section 64al ( which extends 25 disposed in the through - hole 73 . An annular fixing groove 75 
from one end portion of the main hole section 64al in its is formed in the opposed surface of the supply element core 
axial direction ) to respective sides in the circumferential 71 , which is opposed to the rotor 4 . The supply element core 
direction . Each hollow portion 64b as well as each hollow 71 is made of a magnetic material . 
portion 64a has a main hole section 64b1 and holding hole As each auxiliary magnet 72 , there is adopted a segment 
sections 64b2 . In the rotor core 61 in the present embodi - 30 magnet having a sector plate shape in a section orthogonal 
ment , multiple voids 65 are formed to restrain the magnetic to the axial direction of the rotor 4 . The width of each 
flux generated by the embedded magnets 62a , 62b disposed auxiliary magnet 72 along the circumferential direction is 
inside the hollow portion 64a , 64b from flowing to the inner substantially equal to the width of each rotor magnetic pole 
peripheral side . portion 66 along the circumferential direction . The auxiliary 

Each embedded magnet 62a is formed of a main magnet 35 magnets 72 are fitted in the fixing groove 75 with a gap 
62al fitted in the main hole section 64al of the hollow substantially the same as the plate thickness of each of the 
portion 64a , and holding magnets 62a2 fitted in the holding main magnets 62a1 , 62b1 left between the adjacent auxiliary 
hole sections 64a2 . Each main magnet 62al is made of a magnets 72 , and with a gap left between each auxiliary 
segment magnet formed in a rectangular plate shape . The magnet 72 and the inner peripheral side surface of the fixing 
shape of the main magnet 64al in a section orthogonal to the 40 groove 75 . The auxiliary magnets 72 are magnetized along 
axial direction of the rotor 4 is a rectangular shape corre - the axial direction such that supply element magnetic pole 
sponding to the sectional shape of the main hole section portions 76 formed by the auxiliary magnets 72 and having 
64al . Each holding magnet 62a2 is made of a segment one polarity and supply element magnetic pole portions 74 
magnet formed in a thin rectangular plate shape . The shape formed by the auxiliary magnets 72 and having the other 
of the holding magnet 62a2 in a section orthogonal to the 45 polarity are arranged alternately in the circumferential direc 
axial direction of the rotor 4 is a rectangular shape corre - tion . 
sponding to the sectional shape of the holding hole section Therefore , as illustrated in FIG . 14A , at a weakening 
64a2 . The main magnets 62al are fitted in the main hole angle at which the polarity of each rotor magnetic pole 
sections 64al and the holding magnets 62a2 are fitted in the portion 66 and the polarity of the magnetic pole of the 
holding hole sections 64a2 , so that the embedded magnets 50 supply element magnetic pole portion 76 ( the auxiliary 
62a are fixed to the rotor core 61 . Each embedded magnet magnet 72 ) , which is axially opposed to the rotor magnetic 
62b as well as each embedded magnet 62a is formed of a pole portion 66 , are opposite to each other , part of the 
main magnet 62b1 and holding magnets 6262 . The main magnetic flux generated by the embedded magnets 62a , 62b 
magnets 62b1 are fitted in the main hole sections 64b1 and does not flow between the stator 3 and the rotor 4 , and flows 
the holding magnets 62b2 are fitted in the holding hole 55 between the rotor 4 and the magnetic flux supply element 41 . 
sections 64b2 , so that the embedded magnets 62b are fixed Thus , the amount of magnetic flux of the rotor 4 decreases , 
to the rotor core 61 . and , as a result , it is possible to suppress an increase in the 

The main magnets 62a1 , 62b1 in one pair of the embed induced voltage , thereby allowing the rotor 4 to rotate at 
ded magnets 62a , 62b are magnetized along their plate high speed . In the state where the magnetic flux supply 
thickness direction ( the direction substantially coincides 60 element 41 is at a weakening angle , the polarity of each rotor 
with the circumferential direction of the rotor 4 ) such that magnetic pole portion 66 and the polarity of the correspond 
the main magnets 62a1 , 6261 are opposed to each other at ing supply element magnetic pole portion 76 are opposite to 
their magnetic poles having one polarity in the circumfer each other , and thus the relative rotation angle of the 
ential direction . Thus , eight rotor magnetic pole portions 66 magnetic flux supply element 41 relative to the rotor 4 is 
interposed between the embedded magnets 62a , 62b are 65 held by a magnetic attraction force acting between the rotor 
formed in the rotor core 61 by four pairs of the embedded magnetic pole portions 66 and the supply element magnetic 
magnets 62a , 62b , as in the first embodiment . In addition , pole portions 76 . 
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On the other hand , as illustrated in FIG . 14B , when the element core 71 according to the present embodiment , 

relative rotation angle of the magnetic flux supply element which is opposed to the rotor 4 . The number of the fixing 
41 is a strengthening angle at which the polarity of each recessed portions 81 is half the number of the magnetic poles 
rotor magnetic pole portion 66 and the polarity of the of the rotor 4 . The width of each fixing recessed portion 81 
magnetic pole of the supply element magnetic pole portion 5 along the circumferential direction is set larger than the sum 
76 , which is axially opposed to the rotor magnetic pole of the width of the rotor magnetic pole portion 66 along the 
portion 66 , coincide with each other , the magnetic flux of the circumferential direction and the width of each of the main 
magnetic flux supply elements 41 is added to the magnetic magnets 62a1 , 62b1 . A groove 82 that is continuous with the 
flux of the embedded magnets 62a , 62b , which flows inner peripheral edge of each fixing recessed portion 81 is 
between the stator 3 and the rotor 4 . Thus , the amount of 10 formed in the opposed surface of the supply element core 71 , 
magnetic flux of the rotor 4 increases , and , as a result , it is which is opposed to the rotor 4 . 
possible to generate high torque . In this state , the opposite The shape of each auxiliary magnet 72 in a section 
end portions of each auxiliary magnet 72 in the circumfer - orthogonal to the axial direction of the rotor 4 is a sector 
ential direction are radially opposed to the holding magnets shape corresponding to the shape of each fixing recessed 
62a2 , 62b2 that are opposite in polarity to the end portions 15 portion 81 . The auxiliary magnets 72 are fixed to the supply 
of the auxiliary magnet 72 . That is , parts of each auxiliary element core 71 by being inserted into the fixing recessed 
magnet 72 are opposed to the magnetic poles of the corre - portions 81 . The auxiliary magnets 72 are magnetized along 
sponding embedded magnets 62a , 62b , the magnetic poles the axial direction such that only one polarity appears on the 
having the polarity opposite to that of the rotor magnetic rotor 4 side . Thus , circumferential ranges in the supply 
pole portion 66 - side magnetic poles . Thus , the relative 20 element core 71 , in which the auxiliary magnets 72 are 
rotation angle of the magnetic flux supply element 41 is held disposed , are formed as the supply element magnetic pole 
by the magnetic attraction force acting between the auxiliary portions 76 having one polarity , and circumferential ranges 
magnets 72 and the embedded magnets 62a , 62b ( holding in the supply element core 71 , which are located between the 
magnets 62a2 , 6262 ) . adjacent auxiliary magnets 72 , are formed as the supply 

The torque acting between the rotor 4 and the magnetic 25 element magnetic pole portions 76 having the other polarity . 
flux supply element 41 configured as described above varies In the state where the magnetic flux supply element 41 is 
as in the first embodiment ( refer to FIG . 4 ) , and becomes at a weakening angle , the polarity of each rotor magnetic 
zero at an angle at which the relative rotation angle of the pole portion 66 and the polarity of the corresponding supply 
magnetic flux supply element 41 becomes a weakening element magnetic pole portion 76 are opposite to each other , 
angle or a strengthening angle . The relative rotation angle of 30 and thus the relative rotation angle of the magnetic flux 
the magnetic flux supply element 41 is changed by instan - supply element 41 relative to the rotor 4 is held by a 
taneously supplying the d - axis current from the control magnetic attraction force acting between the rotor magnetic 
device 5 to the coils 15 of the stator 3 and executing the field pole portions 66 and the supply element magnetic pole 
weakening control or the field strengthening control . As portions 76 . On the other hand , in the state where the relative 
described above , according to the present embodiment , it is 35 rotation angle of the magnetic flux supply element 41 is at 
possible to produce the advantageous effect similar to those a strengthening angle , each auxiliary magnet 72 extends 
in the first embodiment . over a range in the circumferential direction , which is wider 

A rotary electric machine according to a fifth embodiment than a range in the rotor 4 in the circumferential direction , 
of the invention will be described with reference to the in which a pair of the embedded magnets 62a , 62b is 
drawings . For convenience of description , the same con - 40 disposed . Thus , the relative rotation angle of the magnetic 
figurations as those in the fourth embodiment will be flux supply element 41 is held by the magnetic attraction 
denoted by the same reference symbols as those in the fourth force that acts between the opposite end portions of each 
embodiment , and description thereof will be omitted . auxiliary magnet 72 in the circumferential direction and the 
As illustrated in FIG . 15 , hollow portions 64a , 64b of a magnetic poles of the embedded magnets 62a , 62b having 

rotor core 61 are respectively formed of only the main hole 45 the polarity opposite to the polarity of the magnetic poles on 
sections 64a1 , 64b1 in the fourth embodiment . The shape of the rotor magnetic pole portion 66 side . The torque that acts 
each of the hollow portions 64a , 64b in a section orthogonal between the rotor 4 and the magnetic flux supply element 41 
to the axial direction is a rectangular shape of which the configured as described above varies in a manner similar to 
longitudinal direction extends along the radial direction . that in the first embodiment ( refer to FIG . 4 ) , and becomes 

Embedded magnets 62a , 62b are respectively formed of 50 zero at an angle at which the relative rotation angle of the 
only the main magnets 62a1 , 62b1 in the fourth embodi - magnetic flux supply element 41 becomes a weakening 
ment . The shapes of the embedded magnets 62a , 62b in a angle or a strengthening angle . The relative rotation angle of 
section orthogonal to the axial direction of a rotor 4 are the magnetic flux supply element 41 is changed by instan 
rectangular shapes corresponding to the sectional shapes of taneously supplying the d - axis current from the control 
the hollow portions 64a , 64b . The embedded magnets 62a , 55 device 5 to the coils 15 of the stator 3 and executing the field 
62b are fixed to the rotor core 61 by being inserted into the weakening control or the field strengthening control . 
hollow portions 64a , 64b . The embedded magnets 62a , 62b A s described above , according to the present embodi 
in one pair are magnetized along their plate thickness m ent , it is possible to produce the advantageous effect 
direction such that the embedded magnets 62a , 62b are similar to those in the first embodiment . 
opposed to each other at their magnetic poles having one 60 A rotary electric machine according to a sixth embodi 
polarity in the circumferential direction , as in the first ment of the invention will be described with reference to the 
embodiment . Thus , eight rotor magnetic pole portions 66 drawings . For convenience of description , the same con 
interposed between the embedded magnets 62a , 62b are figurations as those in the fourth embodiment will be 
formed in the rotor core 61 by four pairs of the embedded denoted by the same reference symbols as those in the fourth 
magnets 62a , 62b . 65 embodiment , and description thereof will be omitted . A rotor 
As illustrated in FIG . 16 , sector - shaped fixing recessed core 61 in the present embodiment has a configuration 

portions 81 are formed in the opposed surface of the supply similar to that of the rotor core 61 in the fifth embodiment , 
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and a magnetic flux supply element 41 has a configuration magnetic pole portions 66 of the rotor 4 with a gap left 
similar to that of the magnetic flux supply element 41 in the between the teeth 92 and the rotor magnetic pole portions 66 
fourth embodiment . The rotary electric machine 1 is pro in the axial direction . Connection end portions 94a of the 
vided with a holding structure for holding the relative coils 94 are drawn out of the housing 2 and connected to a 
rotation angle of the magnetic flux supply element 41 at a 5 control device 5 . The rotor 4 and a magnetic flux supply 
strengthening angle , as in the third embodiment . For con - element 41 have configurations similar to those in the fourth 
venience of description , the same configurations as those in embodiment or the fifth embodiment . 
the third embodiment will be denoted by the same reference The control device 5 causes the stator 3 to generate a 
symbols as those in the third embodiment . rotating magnetic field by supplying driving electric power 

Specifically , as illustrated in FIG . 17 , a case 51 that 10 in three phases to the coils 94 based on a d - axis current and 
accommodates a first holding member 52 and a coil spring a q - axis current in a two - phase rotating coordinate system 
53 is fixed to a radially inner side portion of a rotor core 61 , ( d / q coordinate system ) in accordance with the rotation 
at a position at which the case 51 is axially opposed to the angle of the rotor 4 . In rotary electric machine 1 , the rotor 
rotor magnetic pole portion 66 having one polarity ( for 4 is rotated based on the relationship between the rotating 
example , the north pole ) . 15 magnetic field generated by the stator 3 and magnetic flux 

In an opposed surface of the supply element core 71 , that flows between the stator 3 and the rotor 4 . 
which is axially opposed to the rotor core 61 , there are in the rotary electric machine 1 configured as described 
formed multiple ( four , in the present embodiment ) second above , the relative rotation angle of the magnetic flux supply 
engagement portions 55 with which the first engagement element 41 is changed by instantaneously supplying the 
portion 54 of the first holding member 52 is engaged . Each 20 d - axis current from the control device 5 to the coils 94 of the 
second engagement portion 55 is formed in the supply stator 3 and executing the field weakening control or the 
element core 71 , at a position in the circumferential direc - field strengthening control , as in the first embodiment . 
tion , at which the second engagement portion 55 is radially As described above , according to the present embodi 
opposed to the supply element magnetic pole portion 76 ment , it is possible to produce the advantageous effects 
having one polarity . In the present embodiment , the supply 25 similar to those in the first embodiment . Note that , the 
element core 71 is formed as the second holding member . above - described embodiments may be modified as follows . 

In the rotary electric machine 1 configured as described In the first embodiment , the embedded magnets 23a , 23b 
above , in the state where the relative rotation angle of the are formed of the main magnets 23a1 , 23b1 and the holding 
magnetic flux supply element 41 is a weakening angle , the magnets 23a2 , 23b2 which formed separately from the main 
polarity of each rotor magnetic pole portion 66 and the 30 magnets 23al , 2361 . However , the configuration of the 
polarity of the corresponding supply element magnetic pole embedded magnets 23a , 23b is not limited to this . For 
portion 76 are opposite to each other , and thus the relative example , the embedded magnets 23a , 23b may be formed as 
rotation angle of the magnetic flux supply element 41 is held respective single - piece members in which the main magnets 
by a magnetic attraction force acting between the rotor 23al , 23b1 and the holding magnets 23a2 , 23b2 are inte 
magnetic pole portions 66 and the supply element magnetic 35 grated with each other . Similarly , in the fourth embodiment , 
pole portions 76 . In this case , the first engagement portion 54 the embedded magnets 62a , 62b may be formed as respec 
of the first holding member 52 comes into contact with a flat tive single - piece members in which the main magnets 62a1 , 
portion of the opposed surface of the rotor core 61 ( refer to 62b1 and the holding magnets 62a2 , 62b2 are integrated with 
FIG . 10A ) . On the other hand , in the rotary electric machine each other . 
1 , in the state where the relative rotation angle of the 40 In the first and second embodiments , a holding structure 
magnetic flux supply element 41 is a strengthening angle , for holding the relative rotation angle of the magnetic flux 
the relative rotation angle of the magnetic flux supply supply element 41 at a strengthening angle may be provided , 
element 41 is held by engaging the first engagement portion as in the third embodiment . In the fourth and fifth embodi 
54 ( projection ) of the first holding member 52 with the ments , a holding structure for holding the relative rotation 
second engagement portion 55 recess ) that is axially 45 angle of the magnetic flux supply element 41 at a strength 
opposed to the first engagement portion 54 ( refer to FIG . ening angle may be provided , as in the sixth embodiment . 
10B ) . The relative rotation angle of the magnetic flux supply In the second embodiment , the embedded magnet 23a and 
element 41 is changed by instantaneously supplying the the embedded magnet 23b are fixed to the rotor core 22 such 
d - axis current from the control device 5 to the coils 15 of the that the longitudinal directions of their rectangular sections 
stator 3 and executing the field weakening control or the 50 are parallel to each other . However , the configurations of the 
field strengthening control . embedded magnets are not limited to this . For example , as 

A rotary electric machine according to a seventh embodi - illustrated in FIG . 20 , the embedded magnet 23a and the 
ment of the invention will be described with reference to the embedded magnet 23b may be fixed to the rotor core 22 such 
drawings . For convenience of description , the same con - that the longitudinal direction of their rectangular sections 
figurations as those in the fourth embodiment will be 55 are inclined in the opposite directions with respect to the 
denoted by the same reference symbols as those in the fourth radial direction . In this case , each auxiliary magnet 44 need 
embodiment , and description thereof will be omitted . not extend over a range in the circumferential direction , 
As illustrated in FIG . 18 , a stator 3 is fixed to a cover 7 which is wider than a range in the rotor 4 in the circumfer 

of a housing 2 with a gap left in the axial direction between ential direction , in which a pair of the embedded magnets 
the stator 3 and a rotor 4 . The rotary electric machine 1 60 23a , 23b is disposed , as long as parts of the auxiliary magnet 
according to the present embodiment is formed as an axial 44 are opposed to the magnetic poles of the embedded 
gap motor . magnets 23a , 23b having the polarity opposite to the polarity 

Specifically , as illustrated in FIG . 18 and FIG . 19 , the of the magnetic poles on the rotor magnetic pole portion 33 
stator 3 includes a stator core 93 having an annular portion side , as illustrated in FIG . 20 . 
91 and a plurality of teeth 92 that extend from the annular 65 In the third and sixth embodiments , the first engagement 
portion 91 in the axial direction , and coils 94 wound around portion 54 is formed in a convex shape , and the second 
the respective teeth 92 . The teeth 92 are opposed to rotor engagement portion 55 is formed in a concave shape . 
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However , the shapes of the first engagement portion 54 and iary magnets 44 , 72 may differ from the number of the 
the second engagement portion 55 are not limited to these magnetic poles of the rotor 4 , and may be changed as 
shapes . For example , the first engagement portion 54 may be appropriate . 
formed in a concave shape , and the second engagement In each embodiment described above , when the relative 
portion 55 may be formed in a convex shape . 5 rotation angle of the magnetic flux supply element 41 is a 

In the third and sixth embodiments , the surfaces 54a , 55a weakening angle , the polarity of each of all the rotor 
of the first and second engagement portions 54 , 55 are each magnetic pole portions 33 , 66 and the polarity of the 
formed in a hemispherical shape . However , the shapes of the magnetic pole of a corresponding one of all the supply 
surfaces 54a , 55a are not limited to a hemispherical shape . element magnetic pole portions 49 , 76 are opposite to each 
For example , the surfaces 54a , 55a may be each formed in 10 other . However , the configuration is not limited to this . For 
a conical shape , or the like . That is , as long as the surfaces example , the polarity of at least one of ( for example , one ) the 
54a , 55a are inclined with respect to the circumferential supply element magnetic pole portions 49 , 76 and the 
direction , and the surfaces 54a , 55a are each in such a shape polarity of the rotor magnetic pole portion 33 , 66 that is 
that , through the relative rotation between the rotor 4 and the opposed to the supply element magnetic pole portion 49 , 76 
magnetic flux supply element 41 , pressing force in a direc - 15 in the radial direction may coincide with each other . 
tion opposite to the urging direction of the coil spring 53 acts Similarly , when the relative rotation angle of the magnetic 
on the first holding member 52 and the first engagement flux supply element 41 is a strengthening angle , for example , 
portion 54 and the second engagement portion 55 are the polarity of at least one of ( for example , one ) the supply 
disengaged from each other , and the shape of each of the element magnetic pole portions 49 , 76 and the polarity of the 
surfaces 54a , 55a may be changed as needed . One of the first 20 rotor magnetic pole portion 33 , 66 that is opposed to the 
and second engagement portions 54 , 55 may have no supply element magnetic pole portion 49 , 76 in the radial 
inclined surface that is inclined with respect to the circum direction may be opposite to each other . It is needless to say 
ferential direction . that , when the relative rotation angle of the magnetic flux 

In the third embodiment , for example , the magnetic flux supply element 41 is a weakening angle or a strengthening 
supply element 41 may be provided with the first holding 25 angle , the middle positions of all the rotor magnetic pole 
member 52 and the coil spring 53 , and the second engage - portions 33 , 66 in the radial direction and the middle 
ment portion 55 may be formed in the coupling member 26 positions of all the supply element magnetic pole portions 
of the rotor 4 . In this case , the coupling member 26 may 49 , 76 in the radial direction need not completely coincide 
function as the second holding member . Similarly , in the with each other . 
sixth embodiment , the magnetic flux supply element 41 may 30 In each embodiment described above , the invention is 
be provided with the first holding member 52 and the coil applied to the rotary electric machine 1 used as a drive 
spring 53 , and the second engagement portion 55 may be source for an electric vehicle or a hybrid vehicle . However , 
formed in the rotor core 61 . In this case , the rotor core 61 the device to which the invention is applied is not limited to 
may function as the second holding member . such a rotary electric machine . For example , the invention 

In the third and sixth embodiments , the first holding 35 may be applied to a drive source for other systems such as 
member 52 is urged by the coil spring 53 . However , the an electric power steering system , and may be applied to a 
member that urges the first holding member 52 is not limited power generator . 
to the coil spring 53 . For example , the first holding member What is claimed is : 
52 may be urged by another spring member such as a disc 1 . A rotary electric machine comprising : 
spring or an elastic body such as rubber . 40 a rotor including a rotor core fixed to a rotary shaft so as 

In the fourth to sixth embodiments , the magnetic flux to be rotatable together with the rotary shaft , and 
supply element 41 may be provided on each of both sides of multiple pairs of embedded magnets fixedly embedded 
the rotor 4 in the axial direction . in the rotor core and magnetized such that magnetic 

In the first to sixth embodiments , the rotary electric poles of the embedded magnets in each pair , the mag 
machine 1 is formed as an inner rotor - type radial gap motor . 45 netic poles being opposed to each other in a circum 
However , the rotary electric machine 1 is not limited to this . ferential direction of the rotor , have the same polarity ; 
For example , the rotary electric machine 1 may be formed a stator including a stator core having teeth opposed to 
as an outer rotor - type radial gap motor . rotor magnetic pole portions each interposed between 

In each embodiment described above , the auxiliary mag one of the pairs of the embedded magnets of the rotor 
nets 44 , 72 are fixedly embedded in the rotor cores 22 , 61 . 50 core , and coils wound around the teeth ; 
However , the configuration of the auxiliary magnets 44 , 72 a control device that causes the stator to generate a 
is not limited to this . For example , the auxiliary magnets 44 , rotating magnetic field by supplying electric power to 
72 may be fixed on the surfaces of the rotor cores 22 , 61 . the coils ; and 

In each embodiment described above , a segment magnet a magnetic flux supply element supported by the rotary 
is used as each of the auxiliary magnets 44 , 72 . However , the 55 shaft so as to be rotatable relative to the rotary shaft , 
auxiliary magnets 44 , 72 are not limited to segment magnets . and having supply element magnetic pole portions 
For example , an annular ring magnet may be used . In this formed by auxiliary magnets fixed to the magnetic flux 
case , the auxiliary magnets 44 , 72 may be rotatably sup supply element , wherein 
ported on the radially inner side of the rotor 4 instead of a relative rotation angle of the magnetic flux supply 
being fixed to the supply element core 43 . That is , the 60 element relative to the rotor during rotation of the rotor 
magnetic flux supply element 41 may be formed of only the is ( i ) allowed to be held at a weakening angle at which 
auxiliary magnet . a polarity of each of the rotor magnetic pole portions 

In each embodiment described above , the auxiliary mag and a polarity of the supply element magnetic pole 
nets 44 , 72 the number of which is equal to the number of portion opposed to the rotor magnetic pole portion are 
the magnetic poles of the rotor 4 ( the number of the rotor 65 opposite to each other , and wherein magnetic flux of the 
magnetic pole portions 33 , 66 ) are disposed in the magnetic rotor decreases and the rotor is permitted to rotate at 
flux supply element 41 . However , the number of the auxil high speed , and ( ii ) allowed to be held at a strength 
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ening angle at which the polarity of each of the rotor supply element at the strengthening angle by being 
magnetic pole portions and the polarity of the supply projection - recess engaged with the first engagement 
element magnetic pole portion opposed to the rotor portion ; and 
magnetic pole portion coincide with each other , and a holding - member urging member that urges the first 
wherein the magnetic flux of the rotor increases and the 5 holding member toward the second holding member , rotor is capable of generating high torque , wherein 

the control device controls a d - axis current to the coils of at least one of the first and second engagement portions 
the stator , the d - axis current being a current in a has an inclined surface that is inclined with respect to direction of a magnetic flux of the rotor , and the circumferential direction , and the control device is selectively operable to change the 10 
relative rotation angle of the magnetic flux supply the inclined surface is formed such that projection - recess 
element ( a ) from the weakening angle to the strength engagement between the first engagement portion and 
ening angle , and ( b ) from the strengthening angle to the the second engagement portion is cancelled when the 
weakening angle . rotor and the magnetic flux supply element rotate 

2 . The rotary electric machine according to claim 1 , 15 relative to each other from a state where the relative 
wherein the relative rotation angle of the magnetic flux rotation angle of the magnetic flux supply element is 
supply element is allowed to be held at the weakening angle the strengthening angle . 
or the strengthening angle based on a balance of magnetic 5 . The rotary electric machine according to claim 1 , 
forces acting between the rotor and the magnetic flux supply wherein : 

element . the magnetic flux supply element is disposed with a gap 
3 . The rotary electric machine according to claim 2 , left between the magnetic flux supply element and the 

further comprising : rotor in a radial direction of the rotor ; and 
a first holding member that rotates together with one of when the magnetic flux supply element is at the strength 

the rotor and the magnetic flux supply element , and has ening angle , parts of each of the auxiliary magnets are 
a first engagement portion ; 25 radially opposed to the magnetic poles of one of the 

a second holding member that rotates together with the pairs of the embedded magnets , the magnetic poles 
other one of the rotor and the magnetic flux supply having the polarity opposite to that of the rotor mag 
element , and has a second engagement portion that netic pole portion - side magnetic poles . 
holds the relative rotation angle of the magnetic flux 6 . The rotary electric machine according to claim 1 , 
supply element at the strengthening angle by being 30 
projection - recess engaged with the first engagement the magnetic flux supply element is disposed with a gap 
portion ; and left between the magnetic flux supply element and the 

a holding - member urging member that urges the first rotor in an axial direction of the rotor ; and 
holding member toward the second holding member , when the magnetic flux supply element is at the strength 
wherein ening angle , parts of each of the auxiliary magnets are 

at least one of the first and second engagement portions axially opposed to the magnetic poles of one of the 
has an inclined surface that is inclined with respect to pairs of the embedded magnets , the magnetic poles 
the circumferential direction , and having the polarity opposite to that of the rotor mag 

the inclined surface is formed such that projection - recess netic pole portion - side magnetic poles . 
engagement between the first engagement portion and 40 7 . The rotary electric machine according to claim 1 , 
the second engagement portion is cancelled when the wherein each of the auxiliary magnets is formed so as to 
rotor and the magnetic flux supply element rotate extend over a range in the circumferential direction , which 

is wider than a range in the rotor in the circumferential relative to each other from a state where the relative direction , in which one of the pairs of the embedded magnets rotation angle of the magnetic flux supply element is 
the strengthening angle . 45 is disposed in a state where the magnetic flux supply element 

4 . The rotary electric machine according to claim electric machine according to claim 1 1 , is at the strengthening angle . 
further comprising : 8 . The rotary electric machine according to claim 1 , 

a first holding member that rotates together with one of wherein when the control device is selectively operable to 
the rotor and the magnetic flux supply element , and has change the relative rotation angle of the magnetic flux 
a first engagement portion ; so supply element , repulsive force is generated between the 

a second holding member that rotates together with the magnetic flux supply element and the rotor such that the 
other one of the rotor and the magnetic flux supply magnetic flux supply element is permitted to rotate relative 
element , and has a second engagement portion that to the rotor . 
holds the relative rotation angle of the magnetic flux * * * * * 


