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to be separated from each other in axial direction. The first rotor element (40)
includes a first magnet and is fixed to a rotary shaft (26). The second rotor
element (42) includes a second magnet, and is rotatably provided to the
rotary shatt (26). The controller (70) performs vector control of the stator coil
current for transition of an inter-rotor phase, a relative phase ditference of the
second rotor element (42) in relation to the first rotor element (40).
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CONTROL SYSTEM FOR ROTARY ELECTRIC MACHINE AND METHOD FOR
| CONTROLLING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a control system for a rotary electric
machine and a method for controlling the same,‘and also relates to a technique for

varying an effective magnetic flux amount of a rotor.

2. Description of Related Art

[0002] Magnetic flux variable typed rotary electric machines ha\;e been known,
as described in- Japanc;_sé Pe_ttént Application Publication No. 2010-154699 (JP
2010-154699 A). The fotary electric machine described in JP 2010-154699 A is
conﬁéured to change an effective magn‘etic‘:' flux amount of a rotor contributing to a
torque in response to variation in I‘)hase.relationship between two rotors by changing a
position relationship of the rotor equipped with two magnets which are disposed to be
separated in a rotary shaft direction with an actuator.

[0003] The magnetic ﬂm-< variable typed rotary. electric machine described in JP
2010-154699 A requires én actuafor acting as a specialized driving source for changing
the effective magnetic flux amount of the rotor. Thereby, it causes the growth in size

and cost of the rotary electric machine.

- SUMMARY OF THE INVENTION
[0004]‘ The present invention varies an elective magnetic flux amourit of a rotor
without need for specialized driving sources, in a control system for a rotary elé:ctric
machine and a method for controlling the same. |
[0005) " The first aspect of the present invention relates to a control sysfem. The

control system includes a rotary electric machine and, a controller. The rotary electric
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machine includes a stator containing stator coils which are dispbsed at plural positions in
circumferential direction, and a rotor includinf‘g, a ﬁrst. rotor element and a second rotor
element which are rdtatabl»e inside of the stator and disposéd to be separated from each
other in axial direction. ~The first rotor element includes a plurality bf first magnets with
different polarities disposed alternately in circumferential direction, and is fixed to a
rotary shaft.  The second rotor element includes a pluralit>y of second magnets with
different‘polarities disposed alternately in circumferential direction, and is fixed to a
rotary shaft. The controller is a compdneﬁt for controlling a stator coil current. The
controller\ p‘erforms vector control of the stator coil current for transition of an inter-rotor
phase, which is a relative phase difference of | the second rotor element in relgtion to the
first rotor element. . | | ' .
| [0006] = The second aspect of the present invention relates to a method for
controlling a coniro_l system including a rotary .electric machine énd a controller. The
rotary elg:ctric machine includes a stator containing stator coils which, are disposed at
plural positions in circunlferential'diréction, and a ro‘tor. including a first rotor element
and a second rotor element which are rotatable inside of the étator and disposed to be
separated erm each other in axial direction. The first rotor ¢lement includes a plurality
of first magnets with different polarities disposed alternately in circumferential direction,
and is fixed to a rotary shaft. ~ The second rotor element includes a plurality of second
magnets with different polarities disposed alternately in circumferential direction, and is
ﬁxed to a rotary shaft. ~ The controller is a component for con‘trolling‘ a stator coil currént_;
In the Iﬁethod for controlling the same, the controller performs vector control of the stator
coil current for transition of an inter-rotor phase, which is a relative phase difference of
the' seconci rotor element in rélation to the first rotor element.
[0007]  According to the control system of the rotary electric machine and the
method for \controllin.g the same of thé present invention, it is possible to alter the phase
relationship between the first rotor elefnent and the second rotor element without need for

specialized driving sources, so as to alter an effective magnetic flux of the rotor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG 1 shows a configuration of a control systefn for a‘ rotary electric machiné
according to the first embodiment of the present inventfon;

HG. 2 showé a perspective view of a first magnet of a first rotor element in A-A
cross-section of FIG. 1;

FIG. 3 shows a .ﬁrst rotor element and a second rotor element viewed from outer
diameter side in FIG. 2; ,

- FIG. 4 shows a schematic view of the rotor of FIG. 3 which is viewed in axial
directic‘)nAan'd viewed towards the first rotor element side from the second rbtor element
side; |

FIG. 5 shows a schematic view showing that a stator magnetic field is generated so
as to alter an inter-rotor phase in FIG. 3.

FIG. 6 shows é view showing a relationshib between an inter-rotor phase & and an
inter-rotor magnetic torque acting between rotor elements, according to an embodiment
of the‘present invéntion; | |

FIG. 7 shows:a positive direction of the inter-rotor rﬁagnetic torque in FIG. 6;

FIG. 8A shows a view showing a transition from polar reverse state to polaf same
state, showing polar.reverse state (magnetic flux 0%), in FI1G. 2;

FIG &B sh<?ws a view showing a transition from polar reverse state to polar samé
state, showing polar transition state (magnetic flux < 50%), in FIG. 2; | |

FIG. 8C shows a view showing a transition from polar reverse state to polar same
state, showing polar transition state (magnetic flux > \50%), iﬁ FI1G 2;

FIG. 8D shows a view showing a transition from polar reverse state to polar same
state, showing polar same state (magnetic flux 100%), in FIG. 2; |

FIG. 9A corresponds to FIG. 8A, and shows a state of trénsition from polar reverse.

state to polar same state viewed from outer diameter side of a rotor, showing' polar
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reverse staté (magnetic flux 0%);

FIG. 9B corresponds to FIG. 8B, and shows a state of transition from polar reverse
state to polar same state viewed from outer diameter side of a rotor, showing polarity
tranéition state (magnetic flux < 50%);

FIG. 9C corresponds to FIG. 8C, and shows a state of transition from polar reverse
-state to polar s"ame.state'viewed from outer diameter side of a rotor, showing polarity
transition state (mégnetic flux > 50%); |

FIG. 9D corresponds to. FIG. 8D, and shows a state of transition from polar revérsé
state to polar same state viewed from outer diameter side of a rotor, showing polar same
state (magnetic flux 100%);

FIG 10 shows a view showing a rélationship between inter-rotor phase & and
stability 6f rotor phése relationship;

FIG 11A shows a view showing a tranvsit‘ion' from polar same state to polar reverse
state, showing pol‘ar same state (magnetic flux 100%), in FIG.V 2;

| FIG. 11B shows a view showing a traﬁsition from polar same state to polar reverse
State, showing polarity transition state, in'F IG. 2;

FIG. 11C shows a view showing a transition from polar same state to polar reverse
state, showing polar reverse state (magneﬁc ﬂux 0%), in FIG. 2;

FIG. 12A chreépond‘S to FIG: 11A, and shows a state of transition from polar same
stafe to polar. reverse state viewed from outer diameter side of ’a rotor, showing polar
same state (magnetic flux 100%); ‘

| FIG 12B cdrresponds to FIG. 11B, and shows a state of transition from polar same
state to polar reverse state viewed from outer diameter side of a rotor, showing polarity
transition state; |

FIG..12C corresponds to FIG. 11C, and shows a state of transition from polar same
state to polar rreverse state viewed from outer diameter side of a rotor, showing polar
reverse state (mégnetic flux 0%);

- FIG. \13 shows a configuration of a control system for a rotary electric machine

according to the second embodiment of the present invention;
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FIG. 14A shows a view showing a relationship between axis rotary angle (electric’
angle) and stator induction voltage under different inter-rotor phase e, showing polar
reverse state (magnetic flux 0%), in second embodiment; :

FIG. 14B shows a view showing a relatio_nship between -axis rotary éngle (electric
angle) and stator induction voltage under different inter-rotor phase &, showing polarity
transition state (magnetic flux < 50%), in second embodiment; -

FIG. 14C shows a view showing a relationship between axis rotary angle (electric
angle) and stator induction-volta‘ge’under' different inter-rotor phase &, showing polar
same state (magnetic flux 100%), in second embodiment; |

FIG. 14D shows a view shoWing a relationship between axis‘ rotary angle (electric
angle) and stator induction voltage under different inter-rotor phase e, showing polarity
transition state (magnetic flux = 50%), in second embodiment; |

| FIG. 15 shows a cross-sectional view of a control system for a rotary electric
machine, according to the third embodirﬁcnt of the' present‘invention;

FIG. 16 shows a view showing a relationship between an inter-rotor phase e, and
torque which is geﬁerat_ed in thé second rotor element by stator mégnetic field and an

inter-rotor magnetic torque, according to the fourth embodiment of the present invention.
DETAILED DESCRIPTION OF EMBODIMENTS

[0009]  Hereinafter, embodiments of the present invention will be explained with
réferenbe to drawings. Hereiﬁafter, same components will be explained with use of
same symbols in all drawings.

[0010] [First emBodiment] FIG. 1 shows a rotary electric machine .control
system 10 according to the first embodiment of the >pr>eserv1t invention. The rotary
electric machine control system 10 is provided with a rotary electric machine 20, an. 'v
inverter 12 acting as a driving circuit, an ele;:tric storage. device 14 acting as a pbwer
source,v and a controller 70. The rotary electric machine control system 10 is mounted to

electric vehicles such as hybrid vehicles, electric vehicles, or fuel -cell vehicles, and
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utilized to drive wheels (not shown) with use of the rotary electric machine 20 as a motor.
The rotary electric machine 20 may be used as a generator, a motor, or a motor generator
with functions of both the motor and the generator.

[0011] ~ The rotary electric machine 20 includes a stator 24 fixed inside of a-case
22, a rotary shaft 26 which is provided rotatably to the case 22 with a bearing, a rotor 28
provided at a periphery of the rotary shaft 26, a one-direction clutch 30 and rotation angle
sensors 32, 34. The rotary electric machine 20 makes variable an effective magnetic
flux which is generated in the rotor 28 as mentioned below and contributes to torqué.

[0012] rAs shown in FIG. 2, the stator 24 includes a stator core 36 formed of a .
laminate of electromagnetic plates; three-phase stator coils with plural phases of U-phase,
V-phase and W-phase 38u, 38v, 38w. The three-phase stator coils 38u, 438‘v, 38w are
wound by concentrated winding of distributed winding alongv a plurality of teeth~39
provided to an interior circumferential surface of the stator core 36. Hefeinafter, the
stator coils 38u, 38v, 38w may be simply referred to as a stator coil 38. The stator core
36 may bé‘formed of a pressed powder core which is formed by comﬁressjon molding of
magnetic powder. | | |

[0013]  When, stator current, three-phase alternating current ﬂows‘through the .
stator coil 38, a plurality of the teeth 39 are magnetjzed to generate rotary magnetic ﬁeld
in the stator 24. |

[0014]  As shown in FIG 1, the rotor 28 includes a first rotor element 40
(provided in left side of the drawing) and a second rotor element 42 (provided in right
side of | the drawing) which are rotatable inside of the stator 24 and disposed to be
separated from ,each other in 'axialjdirection. The first rotor element 40 includes a
tubular first core 46 fixed at a periphery of tubular prbtruSion 44 which is provided
integrally at a periphery of the rotary shaft 26, and first magnets 48n, 48s which are
diépoéed at plural positions in a circumference direction of the first core 46.- The first |
rotor element 40 is disposed at an inside in diameter direction to face one side portion in
axial direction of the stator core 36 (left side portioh iﬁ the drawing) with a predetermined

interval, and is rotatable in relation to the stator 24. The rotor 28 can be disposed inside
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of the stafor 24s0asto interact with magnetic field generated in the stator coil 38.

[0015]  The second rotor element 42 includes an interior holding portion 52
which is provided rotatably at another portion (right side portion in the drawing) away
from the first rotor element 40 in axial direct‘ion in a periphery of the rotary shaft 26, with
a bearing 50 such as a needle bearing; a second core 54 fixed at a periphery of the interior
holding portion 52; second magnets 56n, 56s which are disposed at plural portions in
circumferential direction of the second coré 54. The second rotoxr element 42 is
disposed at an inside in diameter direction to face the other side portion in axial direction
of the stator core 36 (right side portion in the drawing) at a predetermined interval, and is
rotatable in relation to the stator 24. The interiof holding portion' 52 is formed of a .
magnetic material such as iron, or non-magnetic metal. | |

[0016] Each of cores 46, 54 is formed of a laminate of electromagnetic metal
platesj Each of magnets 48n, 48s, 56n, 56s is paramagnet. The first magnets 48n, 48s
are .disposed to be inserted at plural portions in circumferential direction of the first core
46 in its axial difection. - The second magnets 56n, 56s are disposed to be inserted at,
plural portions in circumferential direcfion of the second core 54 in its axial direction.
As shown in FIG. 2, the mag;lets 48n, 48s, 56n, 56s are disposed to fofm V-shaped pairs
of two magnets at plural portions in c‘irét\lmferential direction of each of the cores 46, 54.
Polarities of plural groups of the magnets 48n, 48s, 56n, 56s are different alternately in
rotary direction of the rotor. The intervals of plural groups of the first magnets 48n, 48s
and the second maghets S6n, 56s are equal each other in ‘circumferential direction.
N-pole of each magnet 48n, 56n is placed in outer péripheral side. S-pole of each
magnet 48s, 56s is placed in outer peripheral side. Each of the cores 46,‘ 54 may be.
formed of a pressed powder core. ‘ |

[0017]  The effective magheti;: flux amount of the rotor 28 alters according to
variation in the phase relationship between the first rotor element 40 and the second rotor
element 42. The “effective magnetic flux amount” refers to a magnetic flux amount
which substantially acts on the stator 24 by combined magnetic' flux of the two rotor

elements 40, 42. The effective magnetic flux amounts to the maximum in the polar



WO 2014/162192 PCT/IB2014/000458

same state in which magnets 48n, 48s, 56n, 56s with the homopolarity are disposed to be
same phase in circumferential direction in the two rotor elements 40, 42, for example.
In this instance, the effective magnetic flux is 100%. When the effective magnetic flux
amount is expressed with use of %, it refers to the ratio of the effective magnetic flux
with respect to the leffecti?e magnetic_ flux of 100% in the 'po'lar same state. Meanwhile,
‘when the second rotor element 42 is rotated in relation to the rotary shaft 26 to cause
deviation of circumferential directional positions of homopolar magnets 48n, 48s, 56n,
56s in two of the rotor elements 40, 42, the effective magnetic flux decreases. The
effective magnetic flux is to zero, in case of the bolar reverse stafe in which the
horﬁopolaf magﬁets 48n, '485; 56n, 56s are deviated by 180 degrees in electrical angle in
two of the rotor elements 40,' 42, and antipolar magnets 48n, 48s, 56n, 56s are disposed to
achieve same f)hase in circumferential direction, for example. .In the poiar reverse state,
the effective magnetic flux is 0%. | |

[0018] ~ The one-direction clutch 30 is provided between the interior holding
portion 52 of the second rotor element"42 and circumferential surface of the rotary shaft
26. The one-direction clutch 30 alidws the second rotor element 42 to rotate abéut the
rotary shaft 26 in only one direction oppoéite of arrow a shown in FIG. 1 and FIG. 2',
preventing the second rotor element 42 from rotating in arrow a direction. The arrow o
direction is the positive torque generation direction of the rotary shaft 26.
| [0019] The rotation angle sensor 32 detects a rotation angle ‘of the rotary shaft
26, and sends a signal ir‘1dircatir‘1g the rotation angle to'the/ controller 70. ‘The rotation
angle sensor 34 detects a fotation angle of the second rotor element 42, and sends a signal
indicati;lg the rotation angle to the controlier 70.

[0020] The rotary electric machine 20 is. driven by an inverter 12 of the rotary
electric machine control system 10. The inverter 12 is connected to the power storage
device 14, controlléd by the controller 70, and converts direct current from the power
storage device 14 into three-phase, U-phase, V-phase and W-phase alternating currents.
The power storage device 14 may be capacitor. A voltage conversion device may bé

provided between the power storage device 14 and the inverter 12 for converting
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amplitudé of the voltage 6f the power storage device 14 to be supplied to the inverter 12.
. [0021] - The controller 70 inc‘:'ludeAs a microcomputer having CPU and memory,
and has an inter-rotor phase acquisition portion 72, an effective magnetic flux amount
setting portion 74 and a current vector control portion 76. The controller 70 drives the
rotor 28 to rotate in the arrow o direction shown in FIG. 1 and FIG. 2, according to an
input torque command value Tr. For example, when the rotary electric machine 20 is
utilized as a driving motor of Vehicle,vthve torque command value Tr of the rotary electric
machine V2O 1s célculated in another controller'(not'shown) according to an acceleration
command signal input from acceleration pedal sensor (not shown) or the like of vehicle.
The controller 70 controls the switching element of the inverter 12 according to fhe
torque command value Tr input from another controller, for driving the inverter 12 tc;
control the rotary electric machine 20. In this instance, the current vector control
portion 76 calculates a current vector command defined by d-axis current command Id*
and g-axis current command Iq* in dq coordinate system according to the torciue
command value Tr, converts the current vector command into thrée-phase cuneﬁt :
command, and.then performs the current vector control for controlling the stator coil
current in each phase. In t‘his instance, after two- or three-phase stator coil current ‘is
dete.cted with a current sénsor (not shown), the controller 70 may pérform a feedback
control of the stator cufrent with the d-axis current Id and the q-axis current Iq obtained
from the detection'\va'lue. The controller 70 may bé configured by a plurality of'
controllers which are separated according to the function. The acceleration command
signal may be input in the controller 70 for calculation of the torqué éommand value Tr.
[0022] The controller 70 also has a function of controlling the effective

magnetic flux amount of the rotor 28. The inter-rotor phase acquisition portion 72

acquires the inter-rotor phase €t indicating a relative phase difference of the second rotor |
element 42 in relation to the first rotor element 40, according to the rotation angle of the
rotary shaft 26 acquired from each of the rotation angle sensors 32, 34 and the second
roiof element 42 (See FIG 2). The relative phése difference’is.positive or negative,

depending on direction of the deviation.
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[0023]  The effective magnetic flux amount setting portion 74 sets an effective
magnetic flux amount according to a predetermined requirement. When the rotation
speed of the rotor 28 is high, for example, too high effective magnetic flux amount may
increase reverse voltage acting on the stator coil 38 from the rotor 28 to cause a decreased
output. In view of this instance, it is possible to suppress the déc_:rease in the output by
decreasing the effective magnetic flux to a predetermined desired value.

[0024) The current vector control portion 76 controls the stator coil current by
current vector control according to the effective magnetic flux amount set at the effecti\;e
magnetic flux amount setting portion 74. In this instance, the current vector control
por'ti‘on 76 enables to generate magnetic field at an arbitrary effective magnetic flux
amount, according to a position. relationship of the magnets 48n, 48s, 56n, 56s of each
rotor element 40, 42. In this instance, the current vector control portion 76 generates a.
tb;'que for allc;wing the second rotor element 42 to rotate in relation to the first rotor
element 40, and perforrﬁs vector céntrol of the stator coil current so as to generate stator
magnetic field for transition of the inter-rotor phase & between two rotor elements 40, 42.
The. “inter-rotor phase &” refers to the relative phase difference of the second rotor‘
element 42 iﬁ relation io the first rotor element 40 in terms of electrical angle. The
inter-rotor phase e is defined to be positive, when the homopolar N-pole magnet or
S-pole magnet as the reference magnet of fhe second rotor element 42 is displaced in the
counterclockwise direction of FIG. 2 With respect to the position of N-pole magnet or
S-pole magnet of the first rotor element 40 as viewed in the direction of the rotafy shaft.
26 from the Secbnd rotor elemenf 42 side to the first rofor element 40. The inter-rotor
phase G is defined to be negative, when the N-pole magnet or S-pole magnet of the
second rotor element 42 is displaced in the clockwise direc;tion of FIG. 2. Polar same
state is achieved by the inter-rotor phase & of 0°. Polar reverse state is achieved when
the inter-rotor pha;se is deviated by 180° in either of positive and negative directions,
The current vector control portion 76 alters the effective magnetic flux amount of the
rotor 28 according to the transition of inter-rotor phaSé Ge. Next, explanation will be

given as to an idea of the current vector control for the control of effective magnetic flux
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and its control method. _

[0025] FIG. 3 shows the ﬁrst rotor element 40 and the second rotor element 42,
which are viewed from outer diameter side in FIG. 2.  FIG. 4 shows a lschematic- view 6f ‘
the rotor.28 of FIG. 3 viewed in axial direction, which is viewed towards the first rotor
element 40 side from the second rotor element 42 side. In FIG. 4, (N), (S) refer to the
magnets 48n, 48s in the first rotor element 40 side disposed behind the second rotor, -
element 42.- The number of each magnet 48n, 48s, 56n, 56s in FIG. 4 is smaller than
‘actual number of that, for simiplification. FIG. 3 and FIG. 4 show the polar reverse state
achieving coincidence in phase in circumferential directions of magnets 48n, 48s, 56n,
56S with anfipolarity of each rotor élément 40, 42. FIG 3 and FIG 5 described below
shows an absorption force acting in \an arrow direction in which the magnéts are
displaced to be away from each othér, and é repulsion force acting in an arrow direction
in which the magnets are displaced to be closer to each other. In this instance, as shown
in FIG. 3, in the fnagnets 48n, 48s, 56n, 565 of two rotor elements 40, 42, the absorption
force is generated between antipolar magnets. facing‘each other in the axial direction, and
the repulsion force is generated between homopolar magnets facing each other in a
direction deviated from the axial direction. However, as the absorption force between
antipolar magnets facing each other in the axial direction is stronger.” As a result, it
makes the most strongest the rotor phase relationship, the phase relationship between the
rofor elérﬁents 40, 42 in a polar reverse state.

[0026) }7 Next, in this state, in order to control the transition of the rotor phase
relationship between the rotor elements 40, 42 to a different trans_ition relaﬁonship,
explanétions are given as to stator magnetic flux in which apparent N-pole and S-pole
magnetic poles are disposed at positioris in d-axis direction shown in FIG. 4. In this
instance, as S-pole is positioned in upper left _sidé of the drawing in the second rotor
element 42, the second rotor element 42 rotates in B direction by magnetic attraction
force of the stator magnetic flux. Meanwhile, as S-pole is positioned in lower right side
of the drawing in the first rotor element 40, thé first rotor element 40 rotates in y directioh

by magnetic attraction force of the stator magnetic flux. In this instance, both of the
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fotor elements 40, 42 rotate iﬁ opposite directions, thus generating a torque not
contributing to rotation of the whole of the rotor 28. In view of this, the controller 70
generates the torque allowing the first rotor element 40 and the second rotor element 42-
to rotate in opposite directions, and performs vector control of the stator coil current so as
to generate the torque not contributing to rotation of the whole of the rotor 28. \For.
example, it is polssible to perform vector control of the stator coil current so as to generate
a stator magnetic field allowing magnetic flux to be generated at a position torque in
which such a torque can be generated. As describéd below, this configuration allows the
second rotor element 42 rotatable in relatioﬁ to the rotary shaft 26 to rotate the first rotor
element 40 fixed to the rotary shaft 26. In this instance, ‘it is possible to determine the
stator magnetic field so as to generate the stator magnetic flux in d-axis direction of FIG.
4, with respect to the combined magnetié flux of both rotor elements 40, 42 and to
genérate the torque to rotate the second rotor element 42 in relation to the first rotor
element 40. Such a stator magnetic flux can be determined by performing the current
vector control for determination of cﬁrrent command in d-q coordinate system. FIG. 4
shows an instance, in which d-axis magnetic flux is génerated while q-akis vmagnetiic flux
is not generated, and only d-axis \current is generated. - Howéver, in order to rotate the
rotor 28'in o direction of FIG. 1 and FIG. 2; a positive direction of the rotor 28, it is also
possible to generate g-axis current for generating q-axis magnetic ‘flux, together with
d-axis current. , |

[(0027] " FIG. 5 shows a schematic Yiew corresponding to FIG. 3, in case the stator
magnetic field is generated in this way. - As shown By dotted frame in FIG. 5, apparent
commdn N-pole ié generated in outer diameter side between N and S of the ﬁrét rotor
element 40 and outer diameter side between S and N of the second rotor element 42, and
the stator magnetic flux is generated to form apparent S-pole in outer diameter s_ides of
both sides of circumferential direction. In this instance, the first rotor element 40 is
transferred in y direction, upward d‘irectioﬁ of FIG. 5, while the second rotor elemenf 42 is
transferred in P direction, downward direction of FIG. 5, so aé to form torques alldwing

the rotors to rotate in opposite directions. The controller 70 performs transitions of the
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rotor phase relationship from polar reverse state to polér same state by generating this
tc;rque. ~ In this instance, the transition of the abovementioned inter-rotor phase e (FIG.
2) occurs. |

[_0'028]7 For example, as shown in FIG. 6, the rotor phase relationship includes
the polér reverse étate "énd the polar safne state. The polar same state is a state achieving
coincidence in phase between magnefs with homopolarity of each rotor element 40, 42 in
their circumferential directions. The éontroller 70 generates the to’rque allowing each
rotor.element 40, 42 to rotate in opposite directions when the rotor phase relationship is
between the polar reverse state and polar same staté, and performs vector control of the
stator coil current so as to generate the torque not contributing to rotation bf the whole of
the rotor 28. For example, the controller 70 performs vectbr control of the stator coil
current so as to‘generate the statocrmagnetic flux causing magnetic flux at posiﬁons in
which the torque is generated. Ih ‘this instance, the controller 70 pefforms vector contfol |
of the stator coil current for transit'/ions of the inter-rotor phase & vfrom polarfréverse stafe
to polar éame state. | | |

[0029] ' FIG 6 shows a relationship betWeen the inter-rotor phése & and the
inter-rotor magnetic tofque acting between the rotor el‘ements. 40 and 42. The positive
direction of the “inter-rotor magnetic torque” is defined as shown in FIG. 7. As shown
in FIG. 6, when the inter-rotor phase € is —180° < e < 0°, the inter-rotor magnetic
torque is “hegative”.‘ In this instaﬁce, the torque in the negative direction, that'is, the
torque directed towards &e = —180°, is acted on the rotor elements 40, 42 by an attraction
force between N-pole magnets 48n, 56n and S-pole magnets 56s, 56s in each rotor
element 40, 42. In this instance, the torque acts on‘ each rotof element 40, 42 in a
direction opposite to the direction shown in FIG. 7. In view of this, in ord.er. to alter &
in the positive direction, it is necessary té generate the ‘torque in the diréction shown in
FIG. 7, opposite to the above direction. |

[0030] = Meanwhile, when \the inter-rotor phase . is 0° < & < 180°, the
inter-rotor magnetic torque is “positivé”. In this instance, the torque in the positive

direction, that is, the torque directed towards & = +180°, is acted between the rotor
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elements 40, 42 by an attraction fdrce.between N-pole magnets 48n, 56n and S-pole-
magnets 56s, 56s in ‘each rotor Velement 40, 42. In this instance, the to.rque. acts o.n‘ea}ch
rotor element 40, 42 in the same direction as that shown in FIG. 7. In view of this, in
order to alter f in'the positive direction, it is possible to alter fe = ‘+180° by altering 6e
into & > 0° even temporarily from Ge = 0°- without need for an external driving torque
deriving from positive inter-rotor magnetic >t0rque. : |
[0031] MeanWhile, explanations are giVen as to the control for the transition of
the rotor phase relationship échieving positive directional transition of & for —180° < &
<0°. FIG 8 A-D and FIG. 9 A-D shows the transition'in the stitive direction of He. for
—-180° < & < 0°. In the polar reverse state of e =~180°, it is possible to perform vector
contr}ol of the stator coil current flowing through the‘ three-phase stator coil 38 SO as to
genérate the stator magnetic field achieving a magnetic pole in a specific direction. In
this instance, in order to generate the magnetic flux in the same direction és the réfefence
magnet 43s, i't‘ is possible to generate the stator magnetic field in a direction which is
deviated by 6e/2 m phase with respect to the first magnet 483 of the first rotor element 40, -
that is, a direction hallving the circumferential direction .interval_ﬂ of the homopolar
magnets 48s, 56s of the first rotor element 40 a\nd the second rotor element 42, for
genefating a magnetic flux in the same direcﬁon as the referencé magnet 48s. In this
instance, it is possible to generate the torque in the vpositive direction,-that is, the torque
attracting the homopolar magnets 48s, 56s in each rotor element 40, 42 due to the
generation of the magnetic attraction force acting between the stator magnetic field and
the magnetic ﬂu;< vof magnets in each rotor element 40, 42.  The above explanation refers
to the stato‘r magnetic flux corresponding to the magnets 48s, 56s, and can be applied to
the stator magnetic flux corresponding to the magnets 48n, 56n except that the direction
is opposite. FIG. 8 A-D shdws the attraction force aéting in both directions indicated by
an afrow d, between the magnetic; flux shown by the arrow N, S generated by the stator
magnetic field and the magnets 48n, 48s, 56n, 56s -6f the rotor 28. |
[0032] - The abovementioned torque in the positive direction allows the transition

of & in the positive direction. In this instance, it is necessary to control the magnetic
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flux direction of the stator magnetic field generated by vector control to be synchronized
with the ée transition. In \}iew of this, it is necessary to control so as to generate the -
stator magnetic field achieviﬁg the generation of magnetic flux in the direction
corresponding - to. detection values of two rotation angle sensors 32, 34 detecting the
rotation angle of each rotor element 40, 42 ,‘ which are acquired or received in the.
controller 70. ' _ |
-[0033] The torque is generated between the rotor elements 40, 42 by the stator

magnetic field. The stator magnetic field is only magnetic field in d-axis direction of
combined magnetic field of two rotor elements 40, 42, which serves aé a phase center of
magnetic ﬁéld of the homopolar magnets of two rotor elements 40, 42, not so as to .
generate the torque acting ektefnally via the rotary shaft 26. |

[0034] When the effective magnetic flux of the rotor 28 amounts 10 a desired
value, it is possible to set the stator magnetic field to zero by performing “positive torque
generation operation” for transition of rotor phase relationship in p‘ositivve direction of &
as described_ above. For example, it is poésible to pefform vector control of the stator
currént s0 as to achieve the d-axis magnetic flux of zero, afnong the d-axis magnetic flux
and the g-axis magnetic ﬂux; resulting from the stator magnetic' vﬁeld-. ~ In this case, the
inter-rotor magnetic torqué serves as a torque fevérsing to the state of Ge = —180°, actihg
between the. rotor elements 4‘0., 42 in the negative direction of F 1G. 6. . However, with the |
function of“the one-direction clutch 30 proVided between the second rotor element 42 and
the rotary shaft 26, it is possiblé to keep constant the rotor phase relationship‘ at the
'inter-ro-tor phase & as “a phase fixing operation” without altering the inter-rotor phase &
to the negative direction. o ‘

[0035] FIG 10 schemétiééliy shows the relationship between the inter-rotor
phase & and the stability of rotor phase relation. For the transiﬁpn 'of the inter-rotor
phase. & in positive direction towards the polar same state at point P2 fr.'om; the vpolar
reverse state at boint P1, it is possible to control so as to generéte the stator magnetic field
achieving the generation of the d-axis direction as described above, for the purpose of

alterihg the inter-rotor phase € and the stability in arrow Q1 direction. In this instance,
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the inter-rotor magnetic tbrque is generatedv in the negative direction achieving the
transfer in R direction, that is, phase stabilizing directiqn, for the desired value of the
effective magnetic flux achieving the stator magnetic field of zero. However, with the -
function of the one-direction clutch 30, it is possible to maintain the desired state, for
example points P3 and P4. 1In this condition, the effective magnetic flux amouht of the
rotor 28 increases from the effective magnetic flux of zero in the polar reverse state.

[0036] .  Further incfease in the effective. magnétic flux can be achieved by’
repetitive the abové posiﬁve_ torque gen‘eraﬁon operation and phase ﬁxing operation.
With this operation, it is possible to achieve transition of the iﬁter-rotor phase from the
magnetic flux 0% state to the magnetic flux 100% state. |

[0037] Next, explanétions are given'as to the control for.the transition of the
rotor phase felationship achiéving positive direétional tranéition of G for 0° < G < +180°.
FIG. 11 A—C and FIG. 12 A-C show the transition in the positivé direction of & for 0° <
e <+180°. For the transition in positive direction from the polar same state of .= 0°,
the vector control of the stator coil current is performed so as to generate the stator -
magnetic field causing phase difference betweeﬁ the rotor elements 40, 42, that is positive
inter-rotor phase ¢k, at léast at a driving initial sfate of the second rotor element 42. In
this instance, the vector control of the stator coil cuﬁent is performed so as to generate
the stator magnetic field increasing the phase difference between the homopolar magnets
of two rotor elements 40, 42 at theldriving initial state of the second rotor‘yelement 42,
For example, the statof magnetic field is generated so as to cause g-axis magnetic flux at
a ‘speciﬁc amplitude which gives the torque in arrow P direction (FIG. 11 ‘A-C)
temporarily to the rotor 28 at the driving initial state. ‘

| [0038]  In this instance, the vector control of the stator coil current is performed
so as to form the stator magnetic field causing magnetic flux in a specific diréctiqn. In
this stator magnetic ﬁ;ld, as shown in FIG. 1A and FIG. 124, it is possible to form the
stator magnetic flux in the same direction as the magnetic flux of the homopolar magnets
in two rotor elements 40, 42 with same phase, at 4 position whichis deviated in positive

direction of the inter-rotor phase &, for example the poéition indicated by arrow N in FIG.
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11A. In this condition, the stator magnetic field generates B-directional torque with the
same dimension as each rotor element 40, 42. However, the first rotor elemént 40
unitarily formed with the rotary shaft 26 has a large rotary in’ertia, while the second rotor
.elerﬁent 42 not unitarily formed With the rotary shaft 26 has a smaller rotary iriertia than
the first rotor element 40. For this reason, it is possible to rotate thé second rotor
element 42 in B direction in relation to the first rotor element 40 by the torque in the
positive direction shown in FIG. 7 acting on the second rotor element 42.

[6039] With this torque ‘in the | positive direction, it is poésible to achieve
transition of the inter-rotor phase to the state of 6 = +180°.

[0040] In this instance, in FIG. 10, in the polar same state at the point P2, the
control for causing the stator magnetic field in the above way makes it possible to change
the inter-rotor phase & and the stability in the arrow Q2 direction. In this instance, the
positive inter-rotor magnetic torque in FIG. 6 always acts in a 0° < 6 < +180° region,
thus making it possible to perform the transition to the polar reverse state, that is; the
phase stable state, without need for external addition of driving torque. |

[0041] As described above, for the purpose of generating:‘ the stator magnetic
field forming magnetic poles in specific direction in the polar same state,‘ it is possible to
employ a conﬁguration in which the vector control of the stator coil current is performed
SO as to rota/te'tw‘o‘ rotor elements 40, 42 in the samcldirection with the controller 70 and
to rotate the second rotor element 42 in relation to the first rotof element 40. For
example, the vector control of the stator coil current may be performed for generation of
the stator magnetic field causingvpulse-like magnétic flux at a position which allows two
rotor elements 40, 42 to rotate in the same direction. |

[0042] According to thé rotary electric machine. control system 10 and the |
method for controlling the rotary electric machine 20 as described 'above, it is possible to
alter the effective magnetic flux amount of the rotor 28 by altering the rotor :_phase
relationship between two rotor element 40, 42 without need for specialized driving source
such as actuator. In addition, it is possible to control the effective niagnetic flux amount

at an arbitrary value because the rotor phase relationship between the rotor elements 40,
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42 is controlled arbitrarily without generation‘ of the torque acting on the outside of the
rotary electric machine 20 by the rotary shaft 26. As a result, it is possible to be free
from the grdmh in cost and body of the actuator, compared to conventional techniques
heeding the actuator.

[0043] In addition,'onc-direction clutch 30 is provided between the second rotor
element and the rotary shaft 26. | The one-direction clutch 30 prevents the second rotor
element 42 from rotating to the polar reverse state in relation to the first rotor elerﬁent 40
with the inter-rotor magnet torque acting on two rotor element 40, 42, for the transition of
the inter-rotor phase & from‘ the polar reverse ‘state to the polar same state.  For this
reason, it is possible to maintain the rotor phase relationship without external electric
coercive force when the effecti?e >magnetic flux amount of the rotor 28 is a desired value.
For this reason; it.1s not necessary to maintain the rotor phase re_lati'onship with actuator
coercive force, thereby energy loss can be reduced.

[0044] | Besides, the controller 70 performs vector control of | the “stator coil
current for transition of the rotor phase & from the'pdlar reverse state to the polar same
state. Thereby, in spite -of the presencé of the negative rotor magnet torque resulting
from attraction force betWeen magnets, without need for prov‘idi‘ngv the driving force’ such
as actuator, it is possible to perform transition of the rotor phase relationship to the polar
same state. | -

~ [0045] Besides, the controller 70 performs vector. control of the stator coil
current so as to generate a phase difference between the rotor elements 40, 42 at least
during a driving initial period of the second rotor element 42 in a transition from the polar
same state to the pblér reverse state.  For this reason, it is possible to reduce the effective
maghetié flux amount down from 100% to 0% without external driving force due to the -
rotor magnétic torque between the rotor elements - 40, 42 only by causing the
predetermined stator magnetic field during driving initial period.

[0046] [Second embodiment] FIG. 13 showé the configuration of the .rotary
electric machine control system 10 according to the sécond embodiment of the present

invention. The rotary electric machine 20 is not provided with a rotation angle sensor
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34 (FIG. 1) detecting thé rotation angle -of the second rotor element 42 in the
abovementioned first embodiment. _InStead, the rotary electric machine control system
10 is provided with an induction voltage detection circuit 80 detéctihg the induction
voltage of at least one-phase stator coil 38. The induction voltage detection circuit 80
detects an induction vo]tége genéfated at fh_é stator éoil 38 resulting from the effective
magnetic flux amount of the rotor 28 by the rotation of the first rotor element 40 and the
second rotor element 42.  The detection value of the induction voltage is transmitted to
the controller 70. .

- [0047]  The controller 70 iricludes an induction voltage acqui'sition portion 90, a
rotation axis rotation angle acquisition portion 92, and an inter—r'otor}phase difference
calculation portion. 94. The induction voltage acquisition portion 90 “acquires the
detection value of the induction voltage received in the controller 70.  The rotation axis
rotation angle acquisition portion 92 recéiifes and acquires the detection value of the
rotation angle of the rotary shaft’ 26 sent from the rotation angle sensor 32. The
inter—rétor_phase difference calculation portion 94 calculates the inter-rotor phase Ge as.
the inter-rotor relative phase difference on the basis of the detection value of the -
induction voltage and the detection value of the rotation angle sensor 32. ‘

- [0048] FIG. ‘14A-D shows four examples of relationship between éxis rotation
angle (electricity angle) and the stator induction voltage with different inter-rotor phase
& in this.embodiment. FIG. 14A-D shows the induction voltage' resulting from the
magneﬁc flux of the first rotor element 40 indicated by two-points dotted lihe T1, the
induction voltage resulting from the magnetic flux of the second rotor element 42
indicated by one-point dotted line T2, and combined induction Voltage resulting from the
combi‘nation of magnetic flux of two rotor elements 40, 42 indicated by real line TA.
The dof line Ts shows signal detection ;/alue‘ as the detection signal of the rotation bangle
sensor 32. The signal detectioﬁ value of the rotation angle sensor 32 is proportional to
the axis rotation angle expressed as the electricity angle.

{0049} As shown in FIG. 14A-D, it is possible to calculate the inter-rotor phase -

& corresponding to the current state at almost all of rotation angles of the rotary shaft 26
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from the stator inductibn voltage and the rotation angle of the rotary shaft 26.. For
example, in case of obtaining one of combined induction voltages V1, V2, V3 and V4 at
the rotation angle of the rotaryb shaft 26, the inter-rotor phase difference calculation
portion 94 determines the inter-rotor phase & és orie of —180°, —120°, 0°, +60° as the
inter-rotor phase & corresponding-to the current state. In this instance, it is possible to
calculate the inter-rotor phase & with use of a map indicating the relationship among the
inter-rotor phase e which is stored in the storagé portion- in ‘qdv\ance, the combined
induction voltage and the rotation angle of the rotary shaft 26. In order to calculate the
inter—rotor phase & with use of a relationship not stored in the storage portion, the
inter-rotor phase & may be calculated by interpolatioh_'uéingi a relationship of a map or
predetermined relationship.  As'the combined induction voltage is always zero at the
polar reverse state, this may not distinct from other states with the combined induction
voltage of zero. In this case, it is possible to arrange for not calculating the inter-rotor
phase & using the detection value of the state.

[0050] .  With the above configuration, it is possible to calculate fhe inter-rotor
phase Ge by ﬁtilizing fhe combined induction voltage vand the detection value of the
rotation angle of the rotary shaft 26 during the rc;tation of the rotary shaft 26, for the
trahsitidn of the inter-rotor phase. For this reason, the rotation angle sensor ié not
necessary for detecting the rotation én_gle of thé second rotor element 42, and it reduces a
production cost. Besides, it is not ﬁecessary to provide the setting portion of thé rotation
aﬁgle sensor ’fc.)r the detection of the rotation angle of the second rotor element 42 to the
rotary electric rﬁach_ine‘ 20, it enables to. achieve a reduced dimension. Other
configuration ‘and functions are the same as the conﬁ’guration shown in FIG. 1 to FIG.
12A-C.

[0051] [Third embodiment] FIG. 15 shows a cross-sectional surface of the rotary
electric machine 20 according to third embodiment of the présent invention. The rotary
electric machine 20 is not provided with one-direétion‘ clutch 30 (FIG. 1). The rotary
electric machine 20 has a tubular protrusion 44 provided to the rotary shaft 26 fixed to the-

first rotor element 40, and a detent mechanism 96 provided between lateral 'surfaces in
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axial direction facing the second rotdr element 42. The detent niechanism 96 fnaintains
the polar same state when the first rotor element 40 and the second rotor element 42
coincide with each other in the inter-rotor while the effective magnetic flux is 100%.
The detent mechanism‘ 96 maintains the polar same state when the two rotor elements 40,
42 with a spring force provided to this ball by engaging a concave-portion provided to the
lateral surface in axis direction of the tubular protrusion 44 with a concave portion
provided to the lateral surface in axis direction of the interior holding portion»SZ.

[0052] | The detent mechanism 96 does not release the lock with the iﬁter-rotbr
magnet torque, and generates a specific fixing force so as to release the lock with the
driving force for the transition of the rqtdr phase relétionship arising from the stator
magnetic field.

[0053] Besvides, the controller 70 performs vector control of the 'stator coil
current so as to maintain the inter-rotor phasevonly at either one of two svx‘litchivng states,
;[hé polar reverse state with the effective magnetic flux ‘amount of 0% and the polar same
stéte. o

[0054]  According to the gbove configuration, it is not necessary to provide the
one-direction clutchr 30 for regulating the rotation direction of the secbnd rotor elemerﬁ-
42 in one direction, thereby écﬁieving a reduced cost. Other configurations and
functions are the same as the above conﬁgurétions shown in FIG. 1 to FIG. 12A-C. 1In
the above configurations shown in FIG. 1 to FIG. 12A-C, it is also possible to provide the
detent mechanism 96 as shown in the abovementioned FIG. 15. ‘In this instance, it is
easy to maintain the.same polar state with the effective rhagnetic flux of 100%. In
addition, as in the case of the safne polar sfate, or instead of this case, it is also possiblé to
provide the detent mechanism at a portibn to maintain a desired rotor phase relationship
other than thé same polar state. Besides, the detent mechanism can be also provided
between lateral surfaces of the first rotor element 40 énd the second rotor element 42
which face each other in axial direction. |

[0055] [Fourth -embodime‘nt] FIG. 16 shows. the relationship among torque

generated by stator magnetic field in the second rotor element 42, inter-rotor magnet
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torque, and inter-rotor phase ée, according to the fourth embodiment of the present
invention;‘ In this em_bodiment,vas in the above configuration of FIG. 15, the controller
70 performs vector control of the stator coil current so as to maintain the inter-rotor phase
& only at either one of two switching states, the polar reverse state with the effective
magnetic flux amount of 0% and the polar same state with the effective magnetic flux
amount of 100%. In this instance, the vector control is performed to generate an energy
for transition to G = 0° at the éonditiori of Ge = —180‘;, for transition of the inter-rotor
phase e from the polar reverse state to the polar same state. In tﬁis insfanée, the vector
contfol of the stator coil current is performed so as to instantaneously supply the
attraction eﬁergy arising from the inter-rotor magnet torque which acts on the rotor 28 -
during‘ entire transition from & = —180° to 0°, and the attraction energyéofresponding to
the inertial energy for the rotation of the second rotor element 42 during the dri;/ing initiél
period of the second rotor element 42. | |

[0056] .F or the transition from the polar same state to the polar reverse sfaté, fhe
vector control of the stator coil current is performed so as to rotate both of two rotdr_ |
elements 40, 42 in the same direction. For example, the vector control éf the stator coil
current is performed so as to generate the stator magnetic field causing'pdlséd magnetié
flux with rectangular waveform or triangular waveform at a position that allows both of
two rotor elements 40, 42 to rotate in the same direction. The torque generated by the
stator magnetic field in this instance can be smaller than the torque provided for the
transition from the polar reverse state.
| [0057]  With the ébove configuration, it is not necessary to perform the vector
coﬁtrol for generating the stator magnetic flux on the basis of the inter-rotor phase & in
the whole range of trénsition operation of the rotor phase relationship. For this reason,
it is not necessary to detect the inter-rotor phase & in the whole range for the detection of
the inter-rotor phase difference including the detection of the inter-rbtor phase difference
of FIG. 13. For this reason, it is possibl‘ev to simplify h,'ardware configuration and
software cbnﬁguration for the control of inter—rotvor phase. Other configurations and

functions are the same as the‘abo,ve configurations shown in FIG. 1 to FIG. 12 A-C.
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[0058]  The embodiments of the present ihvention are explained above. The
present invention is not limited to such embodiments and can be implemented in various
configurations withouf departing from the scope of the present inventioh.

[0059] The above explanation is made as to the cénﬁgufat_ion in which a pair of .
two magnets is d.isposed in V-shaped form in each quor element 40, 42}. The present '
invention is not limited to this, and it is possiblé to employ a configuration in which each
magnet is disposed along circumferential directidﬁ in each rotor element 40, 42, -for

example.
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CLAIMS

1. A control system comprising:
a rotary electric machine including:
a stator including stator coils which are-disposed at plural positions in
circumferential direcﬁon‘, |
a rotor including a first rotor element and a second rotof element which are
rotatable inside of the stator and disposed to be separated from each other in axial
direction, the first rotor element including a plurality of first magnets with different
polarities disposed altemﬁtely in the circumferential direction, the first rotor element
being fixed to a rotary shaft, the second rotor element including av“phvlrality of second
magnets iwith different polarities disposed élfemately in'the circuxﬁferential diréction, the
second rotor element being rotatably provided to the rotary shaft; and |
a controller configured to control a stator coil current, the controller being _
conﬁgufed to perform vector. control of the stator coil current for tfansition' of an
intef—rotor phase that is a relative phase difference of the second rotor element in relation

to the first rotor element.

2. The control system according to claim 1, wherein
the controller is coﬁﬁgured to perform vector control of the stator coil current, so as to |
achieve a transition of at least the inter-rotor phase from the inter-r\otor phase in a polar
reverse state to the inter-rotor phas¢ in a polar same state, | —
the polar feverse state is a state achieving coincidence in phase between the first magnet
and the second magnet with antipolarity in their circumferential direétions,
the polar same state is a state achieving coincidence in phase between the first magnet

and the second magnet with homopolarity in their circumferential directions.

3. The control system according to claim 2, wherein

the controller is conﬁgu_red to perform vector control of the stator coil current so as to
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generate a torque allowing the. first rotor element and the second rotor element to rotate in
bﬁposite directions, and generates a torque not contributing rotation of the rotor, when the
inter-rotor phase is positioned between the inter-rotor phase in the polar reverse state and

the inter-rotor phase in the polar same state. '

4. The control system according tc; claim 1 or 2, wherein
the contrbller_ is configured to perform vector control of the stator coil current so as to
increase a phase differeﬁce between the first rotor element and the second rotor element,
during é driVing initial period for rotationally driving the second rotor‘ element in relation
tb the first rotor element so as to change at least the inter-rotof phase from a

predetermined value.

5. The control system ~according to claim 4, wherein : |

the controller is configured to performvvector control of the stator coil current so as to
generate the phase difference at lea’sf during’a dri’ving initial period of thé second rotor’
element in a transition from the inter-rotor phase in the polar same state‘ to the inter-rotor
phase in the polar reverse stafe, the inter-rotor phaéé being a predetermined value,

the polér same state is a state achieving coincidence in phase between the ﬁrét magnet
and‘the second magnet with‘homo.polarity in their circumferential directions,

the polar reverse étate is-a state achieving coincidence in phasé between the first magnet

and the second magnet with antipolarity in their circumferential directions.

6. The control system acéording to "cl‘aim 5, wherein
the controlier is configured to perform vector control of the stator coil current so as to |
rotate the second rotor element in relation to the first rotor element and rotate both of the
first rotor element andlthe second rbtor element in the same direction, at least during a
driving initial period of the second rotor element in a transition from the polar same state

to the polar reverse state.
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7. The control system according to claim 4, wherein

the controller is configured to perform vector control of the stator coil current so as to
supply an attraction force energy for a short .tim.e for transition of the second rotor
element to the polar same state during a driving initial period of the second rotor element
in a transition from the polar reverse state to the polar same state, the inter-rotor phase
‘being a predetermined value,

the polar reverse state is a state achieving co‘incid.ence in phase between the first ‘rnagnet
and the second rnagnet with antipdlarity in their circumferential directions,

the polar same state is a state achieving coincidence in phase between the first magnet

and the second magnet with homopolarity in their circumferential directions.

8. The control system according to any one of claims 1 to 7, further comprising;
an one-direction clutch provided between the second rotor element and the rotary shaft,
the one-direction ‘clutch conﬁgnred to prevent a rotation allowing the second rotor
element to reverse to the polar reverse state in relation to the first rotor element with an
rnter-rotor' magnetic torque acting between the first rotor element and the second rotor
element in a transition of the inter-rotor phase from the inter-rotor phase in the polar
reverse state to the 1nter-rotor phase in the polar same state, |
the polar reverse state is a state achieving coincidence in phase between the first magnet
and the second magnet with antipolarity in their circumferential directions,
the potar same state is a state achieving coincidence in phase between the first magnet
and the second magnet :with homopolarity in their circumferential \directions.

9. The centrol system according to any one of claims ! to 8, further comprising:
a rotation angle sensor detecting a rotatron angle of the rotary shaft,
wherern the controller is conﬁgured to calculate the inter-rotor phase, on the basis of a
detection value of induction voltage generated in the stator (;Qil resulting from the rotation
of the first rotor element and the second rotor element, and a detectien value of the

rotation angle sensor.
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1.0. The control system according to any one of claims 1 to 9, further comprising:
a detent mechanism being provided between the second rotor element and either one of
the ﬁrst‘rotor element and a member fixed to the first rotor element, wherein the detent
mechanism maintains the polar same s,tat'e when the inter-rotor phase is_the inter-rotor
phase 'in polar same state, wherein the polar same state is a staté achieving coincidence in
phase between the first magnet and the second magnet with homopolarity in their

circumferential directions.

11. The control system according to any one of claims 1 to 10, wherein
the controller is. configured to perform vector control of the stator coil cufrent SO as to. .
maintain the inter-rotor \phasé only at the inter-rotor phése in either of the polar reverse
state and the polar same state, . | |
the polar reverse state is a state achieviﬁg coincideﬁce in phase betweern the first magnet
and the second magnet with antipolarity in their circumférential directions,
the p,:olar same state is a state achieving coincidence in phase between the first magnet

and the second magnet with homopolarity in their circumferential directions.

12. A method for controlling a control system including rotary electric machine and
a controller, the rbtary 'elec'tr,ic machine including:
a stator including J‘stator coils which are dispoSed' at a plurality of positions in
‘circumferential direction, and | »
~ arotor including a first rotor element and a second rotor element which are rotatable
inside of the stator and disposed to be separated from each other in axial direction, the
first rotor element including a plurality of first magnets with different polarities disposed
alternately in circumferential direction, wherein the first rotor element being fixed to a
rotary shéft, the second rotor element including a plurality of second magﬁets with
different polarities dispbosed'a-lternately in circumferential direction, the fsvecond rotor

element being rotatably provided to the rotary shaft; and
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the éontroller being configured to controi a stator coil current,
the method comprising:

performing vector control of the stator coil current for transition of an intgr—rotor
phase that is a relative phase difference of the second rotor element in relation to the first

rotor element, with the controller.

i
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