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Description

[0001] The present invention relates to a method for
drive-controlling electric machinery.
[0002] Electric machinery includes a rotor and a stator.
The stator has a stator core, in which motor coils are
wound on teeth sections with insulators.
[0003] For example, in a vehicle, motors are used for
actuating a clutch, an accelerator, etc. A rotary motion
of the motor is converted into a linear motion, according
to a load, so as to transmit the linear motion.
[0004] For example, a clutch mechanism, in which an
electric motor is driven, according to an amount of press-
ing a clutch pedal, so as to actuate an assist member to
connect or disconnect clutch plates, a brake mechanism,
in which an electric motor is driven, according to an
amount of pressing a brake pedal, so as to actuate an
assist member to apply liquid pressure of brake oil to a
master cylinder, etc. have been developed.
[0005] In the above described clutch mechanism or
brake mechanism, a three-phase electric motor is often
stopped and maintained in a load-holding state where
the pedal is pressed and the motor coils are energized.
In this state, electric current passing through the coil of
one phase will be excessively increased. To solve this
problem, one temperature sensor, e.g., thermistor, is pro-
vided to the electric motor to measure temperature in-
crease of the electric motor, and temperatures of the
phase coils are estimated by calculation. In case that
temperature of one of the phase coils is higher than a
predetermined temperature, a rotational position of the
motor is moved to decrease a current value (absolute
value) of the phase, through which the maximum current
passes, from a peak value. For example, in case that a
great current passes through the W-phase in a state of
stopping the motor, the motor is rotated until the current
value of the current passing through the W-phase reach-
es that of the current passing through the V-phase, which
is smaller than the peak value of the W-phase, and a
current value of the U-phase reaches zero, so that tem-
perature increase of the W-phase coil can be restrained
(see Japanese Laid-open Patent Publication No.
2009-220807).
[0006] In the above described conventional motor-driv-
en mechanism, if the motor is stopped so as to hold a
load, there is a high possibility that temperatures of the
phase coils are different. Therefore, a span of life of the
mechanism must be shortened due to heat deterioration.
Since the temperatures of the coils are detected on the
basis of thermal conductive properties of the coils rather
than the temperature sensor provided to a motor housing,
detection errors will easily occur due to unstable heat
conductive properties. Further, the temperatures of the
phase coils are estimated on the basis of the temperature
detected by the temperature sensor and calculation, so
a complex control must be required to perform the cal-
culation process and a parts cost of the temperature sen-
sor must be increased.

[0007] EP-A-2062756 discloses a suspension system
for a motor vehicle in which an electromagnetic actuator
is driven by an electric motor. In order to prevent the
motor being halted in a position where it is generating a
driving force, the motor is controlled so that, if the target
position of the motor corresponds to a position in which
one phase of the motor drive current reaches a maximum
value, the target position of the motor is shifted by a pre-
determined amount.
[0008] According to the present invention there is pro-
vided a method according to claim 1. With the present
invention a method for drive-controlling electric machin-
ery may be provided so as to solve the above described
problems of the conventional technology. Namely, the
method of the present invention may enable the equal-
izing of time lengths of stopping a motor at load-holding
stop positions of respective phases so as to average
amounts of heat generation of phase coils.
In the drawings
Embodiments of the present invention will now be de-
scribed by way of examples and with reference to the
accompanying drawings, in which:

Fig. 1 is a block diagram of a control system of electric
machinery;
Fig. 2 is a timing chart showing a pattern of load-
holding stop actions of the electric machinery;
Fig. 3 is a table showing number of load-holding stop
actions of the electric machinery, in a load-holding
state, at each electric angle;
Fig. 4 is a timing chart showing a pattern of load-
holding stop actions of another electric machinery;
Fig. 5 is a table showing number of load-holding stop
actions of another electric machinery, in the load-
holding state, at each electric angle;
Fig. 6 is a graph showing temperature increase of
U-phase coils;
Fig. 7 is a graph showing a relationship between cur-
rent waveforms of phase coils and electric angles;
Fig. 8 is a timing chart showing a pattern of load-
holding stop actions of a comparative example;
Fig. 9 is a table showing number of load-holding stop
actions of the comparative example, in the load-hold-
ing state, at each electric angle; and
Fig. 10 is a graph showing temperature increase at
a specified load-holding position.

[0009] Preferred embodiments of the present invention
will now be described in detail with reference to the ac-
companying drawings. In the following embodiments, an
in-vehicle three-phase DC brushless motor will be ex-
plained as an example of electric machinery.
[0010] Firstly, a control system of the electric motor will
be explained with reference to Fig. 1.
[0011] The electric motor 1 generates power for assist-
ing to press a clutch pedal. The electric motor 1 is rotated
in a normal direction or a reverse direction according to
a press action or a return action of the clutch pedal. A
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rotary motion of the electric motor 1 is converted into a
linear motion by a ball bearing screw of an assist mech-
anism, so that clutch plates can be connected and dis-
connected. If the electric motor 1 is driven while pressing
the clutch pedal (in a load-holding stop state), there is a
possibility that maximum current passes through motor
coils 3 of a specific phase and the coils are heat-dam-
aged.
[0012] A rotor magnet (not shown) is provided to a rotor
2. The rotor 2 is integrated with a rotor shaft (not shown)
and rotated together therewith. The rotor magnet is pro-
vided to a middle part of the rotor shaft, and both sides
of the rotor magnet are rotatably held by ball bearings
(not shown).
[0013] The motor coils 3 of three phases (U-phase, V-
phase and W-phase) are wound on a stator core (not
shown) facing the rotor magnet. A control unit (in-vehicle
ECU) 6 makes motor current pass through the motor coils
3 of each of the phases at prescribed timing. In the
present embodiment, the motor coils 3 are Y-connected.
Note that, the connection pattern of the motor coils 3 is
not limited to the Y-connection, they may be, for example,
delta-connected.
[0014] Positions of magnetic poles of the rotor magnet
are detected by a rotary sensor (hall sensor) 4, so that
rotational positions of the rotor 2 can be detected. Fur-
ther, absolute displacement of the movable clutch plate,
with respect to a body of the vehicle, is detected, by a
position sensor (resolver) 5, from rotational displacement
of the electric motor 1.
[0015] The rotary sensor 4 and the position sensor 5
are connected to the control unit 6. The control unit 6
further includes a control circuit 7, which is constituted
by various elements, e.g., CPU, ROM, RAM, so as to
drive-control the electric motor 1. DC voltage is applied
to the control circuit 7 from a DC electric power source
8, e.g., battery, to actuate the control circuit 7.
[0016] Detection signals of the rotary sensor 4 are sent
to the control circuit 7. The control circuit 7 makes the
motor current pass through the motor coils 3 of any two
phases, according to the rotational position of the rotor
2, via a FET driver 9 and a FET bridge circuit 10, so as
to activate the rotation of the rotor 2.
[0017] A resolver LSI 11 detects a rotational angle of
the stopped electric motor 1 according to a detection sig-
nal of the position sensor 5. The control circuit 7 controls
the rotational position of the rotor 2 to correspond to a
prescribed position, with respect to the rotational angular
position detected by the resolver LSI 11, via the FET
driver 9 and the FET bridge circuit 10, as a standard
position.
[0018] For example, when the rotation of the rotor 2 is
stopped in the load-holding state and the motor coils 3
of each phase of the three-phase motor 1 are energized,
the current supplied to the motor coils 3 of each phase
is controlled so as to angularly turn or rotate the rotor 2
an electric angle of 180/n (n is number of phases and an
integer two or more) degrees, e.g., 60 degrees, in a pre-

scribed rotational direction, with respect to a previous
stop position of the rotor 2.
[0019] By the way, in the present invention, one cycle
of rotor operation (rotation) is defined as rotating the rotor
2 from a given load-holding stop position and stopping
the rotor 2 at the given load-holding stop position after
the rotor 2 is rotated a prescribed angle. The control cir-
cuit 7 makes a total time length of stopping the rotor 2 at
each of the load-holding stop positions, while performing
one cycle of the rotor operation, constant. Further, the
total time length of stopping the rotor 2 at each of the
load-holding stop positions, while performing a plurality
of cycles of the rotor operation, may be constant.
[0020] An amount of heat generation Q of each of the
coils 3 is obtained by the following formula: 

wherein R is a resistance value, I is a current value and
t is a time length of energizing the coil.
[0021] As described above, if the total time length t of
energizing each of the phase coils 3 at each of the load-
holding stop positions, while performing one cycle or a
plurality of cycles of the rotor operation, is constant, the
currents passing through the phase coils 3 of the U-, V-
and W-phases are sequentially maximized and the heat
generations Q are averaged. Therefore, a standard po-
sition is not required. In case of the three-phase motor
1, the heat generations Q can be averaged when a var-
iable electric angle is 603N (N is an integer except mul-
tiples of three) degrees.
[0022] Note that, in case that the variable electric angle
is 6033N (N is an integer) degrees, a direction of the
current passing through each of the phases is changed,
but the rotor 2 is stopped in a state where the current
having the same current value passes. Therefore, the
heat generations Q of the motor coils 3 in the specific
phase increases.
[0023] Next, patterns of energizing the motor coils 3
will be explained with reference to Figs. 2-6.
[0024] Fig. 2 is a timing chart showing a pattern of time
lengths of stopping the energization of the three-phase
motor coils 3, at the load-holding stop positions (1)-(3),
while performing one cycle of the rotor operation. The
one cycle of the rotor operation is to rotate the rotor 2
from the given load-holding stop position (1) and stop the
rotor 2 at the given load-holding stop position (1) again,
after the rotor 2 is turned or rotated the prescribed angle.
Of course, the one cycle of the rotor operation may be
started and stopped at the load-holding stop position (2)
or (3).
[0025] Pressing actions and return actions of the clutch
pedal are repeated, so the rotor 2 is rotated in a normal
direction when the clutch pedal is pressed. On the other
hand, the rotor 2 is rotated in the reverse direction when
the clutch pedal returns to an initial position. Periods 1-3
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are the total time of one cycle of the rotor operation.
[0026] The load-holding stop positions are defined ac-
cording to the electric angles (1)-(3). For example, elec-
tric angles (1)-(3) are separated with angular intervals of
60 degrees (electric angle). According to Fig. 2, six en-
ergization patterns of the three-phase motor are switched
every time the rotor is turned an electric angle of 60 de-
grees. Firstly, the rotor is stopped at the first load-holding
stop position (1), for a time length of 1T, in a state where
the coils of the U-phase are energized. Secondly, the
rotor is stopped at the second load-holding stop position
(2), for a time length of 1T, in a state where the coils of
the V-phase are energized. Further, the rotor is stopped
at the third load-holding stop position (3), for a time length
of 0.55T, in a state where the coils of the W -phase are
energized. The above described energization patterns
are repeated.
[0027] Fig. 3 is a table showing number of the load-
holding stop actions performed at the load-holding stop
position of each of the phases while performing two cy-
cles of the rotor operations. Number of the load-holding
stop actions performed in each of the phases is constant,
i.e., two times. Therefore, heat generation of the phase
coils can be averaged.
[0028] Fig. 4 is a timing chart showing a pattern of time
lengths of stopping the energization of the three-phase
motor coils, at the load-holding stop positions (1)-(3),
while performing one cycle of the rotor operation.
[0029] The pressing actions and return actions of the
clutch pedal are repeated as well as the above described
example. So, the rotor is rotated in the normal direction
when the clutch pedal is pressed; the rotor is rotated in
the reverse direction when the clutch pedal returns to the
initial position.
[0030] The load-holding stop positions are defined ac-
cording to the electric angles (1)-(3). For example, the
electric angles are separated with the angular intervals
of 60 degrees (electric angle). According to Fig. 4, firstly
the rotor is stopped at the first load-holding stop position
(1), for a time length of 2T, in a state where the coils of
the U-phase are energized. Secondly, the rotor is
stopped at the second load-holding stop position (2), for
a time length of 1T, in a state where the coils of the V-
phase are energized. Thirdly, the rotor is stopped at the
third load-holding stop position (3), for a time length of
1T, in a state where the coils of the W-phase are ener-
gized. Fourthly, the rotor is stopped at the second load-
holding stop position (2), for a time length of 1T, in the
state where the coils of the V-phase are energized. Fur-
ther, the rotor is stopped at the third load-holding stop
position (3), for a time length of 1T, in the state where
the coils of the W-phase are energized. The above de-
scribed energization patterns are repeated.
[0031] Fig. 5 is a table showing number of the load-
holding stop actions performed at the load-holding stop
position of each of the phases while performing one cycle
of the rotor operation. Number of the load-holding stop
actions performed in each of the phases is constant, i.e.,

two times. Therefore, heat generation of the phase coils
can be averaged.
[0032] Actually, the clutch pedal is optionally operated
by a driver. So, the rotor does not always stop at the
electric angles (1)-(3), which respectively correspond to
the given electric angles, for the same time length, with
energizing the phase coils. However, in the present em-
bodiment, if the time length for energizing the coils at the
electric angle (1) is long, the rotor is turned to pass the
electric angle (1) once, and then the time lengths for en-
ergizing the coils at other load-holding stop positions are
increased. With this control, number of the load-holding
stop actions performed in each of the phases is constant,
i.e., two times. Therefore, heat generations of the phase
coils can be averaged.
[0033] Further, by increasing number of operating the
clutch pedal, the number of stopping at the electric angles
(1)-(3) is increased, so that heat generation of the phase
coils can be stochastically averaged
[0034] Fig. 6 is a graph showing results of a tempera-
ture increase test of the U-phase coils. A left half of the
graph shows time-dependent temperature increase of
the U-phase coils at the load-holding stop positions cor-
responding to the electric angles (1)-(3). In the test, the
rotor was stopped at each of the load-holding stop posi-
tions until temperature increase was calmed down at
some level, and then the rotor was turned until reaching
the next load-holding stop position and stopped there in
the load-holding state. The temperature increase of the
U-phase coils became greater as time advanced. On the
other hand, a right half of the graph shows an example
relating to the present invention. No standard position
was defined. The rotor was turned a prescribed angle,
for a prescribed time, from a previous load-holding stop
position and stopped at a new load-holding stop position.
By changing the load-holding stop position, a total time
length of energizing the phase coils was averaged, so
that temperature increase of the U-phase coils could be
restrained. Note that, in the test, the rotor was not turned
by manual operation of the clutch pedal. The rotor was
turned to the next load-holding stop position, for a pre-
determined time, by a program.
[0035] In the above described embodiment, the elec-
tric angles (1)-(3) are arbitrary angles, and the rotor may
be stopped at any positions as far as rotating an electric
angle of 180/n (n is number of phases and an integer two
or more) degrees. The electric angles may be (1)’-(3)’ as
shown in Fig. 7.
[0036] Fig. 7 shows a relationship between maximum
current of the three-phase coils and the electric angles.
For example, the electric angle (1)’ of the U-phase is 0
degrees, the electric angle (2)’ of the V-phase is angularly
shifted 120 degrees, and the electric angle (3)’ of the W-
phase is angularly shifted 60 degrees. The load-holding
stop positions may be defined according to the electric
angles (1)’-(3)’, and they may be used in the above de-
scribed controls explained with reference to Figs. 2-5.
[0037] Figs. 8-10 show a comparative example to the
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present invention. Fig. 10 shows time-dependent tem-
perature variation of coils of each phase. The load-hold-
ing stop actions were performed in a specific phase.
[0038] Fig. 8 is a timing chart showing time lengths of
stopping the rotor at the load-holding stop position (1),
while performing six cycles of the rotor operations. The
load-holding stop actions were performed in the U-phase.
[0039] According to Fig. 8, firstly the rotor was stopped
at the load-holding stop position, for a time length of 1T,
in a state where the coils of the U-phase were energized.
And then, even coils of V-phase and W-phase were en-
ergized according to the rotational position of the rotor,
the rotor was turned to and stopped at the load-holding
stop position (1), at which the coils of the U-phase were
energized. This pattern was repeated.
[0040] Fig. 9 is a table showing number of the load-
holding stop actions performed at the load-holding stop
position of the U-phase while performing six cycles of the
rotor operations. In each of the six cycles having different
energization patterns, the rotor was stopped at the load-
holding stop position (1) of the U-phase every time, so
number of the load-holding stop actions was six.
[0041] Therefore, the load-holding stop position was
limited to the load-holding stop position (1) corresponding
to the U-phase, so heat generation of the coils of the U-
phase was greater than that of the coils of other phases.
[0042] In the present invention, the time lengths of en-
ergizing the phase coils and the energization patterns at
the load-holding stop positions may be arbitrarily
changed.
[0043] In the above described embodiment, the elec-
tric machinery is the three-phase motor, but the present
invention may be applied to a two-phase motor, a four-
phase motor, etc.
[0044] Further, the electric motor may be an inner ro-
tor-type DC brushless motor or an outer rotor-type DC
brushless motor.
[0045] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of the superiority and inferiority of the in-
vention.

Claims

1. A method for drive-controlling electric machinery, in
which a multiphase motor (1) is used as a driving
source of an assist mechanism, said method being
performed by a control unit (6) including a driving
circuit (9, 10) for driving the multiphase motor (1),
wherein,
the control unit (6) controls to stop a rotor (2) at a
load-holding stop position, which is a stop position

of the rotor (2) corresponding to a specific electric
angle at which maximum electric current passes
through the coil (3) of any of phases (U, V, W) and
at which rotation of the rotor (2) is stopped in a state
where a motor coil (3) is energized and the rotor (2)
is in a load-holding state, characterised in that the
rotor (2) is stopped at the load-holding stop position
that is angularly shifted an electric angle of 180/n
degrees, where n is the number of phases and is an
integer two or more, in a prescribed rotational direc-
tion, with respect to a previous load-holding stop po-
sition of the rotor (2), and
one cycle of rotation of the rotor (2) is defined as
rotating the rotor (2) from a given load-holding stop
position and stopping the rotor (2) at the given load-
holding stop position after the rotor (2) is rotated a
prescribed angle, and a total time length of energiz-
ing the coil (3) of the each phase (U, V, W), while
performing one cycle or a plurality of cycles of rota-
tion of the rotor (2), is constant.

2. The method according to claim 1,
wherein the control unit (6) controls the driving circuit
(9, 10) on the basis of the position of the rotor (2),
which is detected by a rotary sensor (4), with respect
to a previous stop position of the motor (1), which is
detected by a position sensor (5), so as to stop the
motor (1) at a position angularly shifted a prescribed
angle with respect to the previous stop position.

Patentansprüche

1. Verfahren zur Antriebssteuerung elektrischer Ma-
schinen, worin ein Mehrphasenmotor (1) als eine An-
triebsquelle eines Hilfsmechanismus verwendet
wird, wobei das Verfahren von einer Steuerungsein-
heit (6) ausgeführt wird, die eine Ansteuerschaltung
(9, 10) zum Ansteuern des Mehrphasenmotors (1)
umfasst,
wobei die Steuerungseinheit (6) das Anhalten eines
Rotors (2) in einer Lasthalte-Anhalteposition steuert,
die eine Anhalteposition des Rotors (2) ist, die einem
spezifischen elektrischen Winkel entspricht, in dem
ein maximaler elektrischer Strom durch die Spule (3)
von einer der Phasen (U, V, W) hindurchfließt und
in dem eine Rotation des Rotors (2) in einem Zustand
angehalten wird, in dem eine Motorspule (3) erregt
ist und der Rotor (2) in einem Lasthaltezustand ist,
dadurch gekennzeichnet,
dass der Rotor (2) in der Lasthalte-Anhalteposition
angehalten wird, die um einen elektrischen Winkel
von 180/n Grad winkelmäßig verschoben ist, worin
n die Anzahl von Phasen ist und eine Ganzzahl Zwei
oder mehr ist, und zwar in eine festgelegte Rotati-
onsrichtung mit Bezug auf eine vorherige Lasthalte-
Anhalteposition des Rotors (2), und
dass ein Rotationszyklus des Rotors (2) als ein Ro-
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tieren des Rotors (2) von einer vorgegebenen Last-
halte-Anhalteposition und ein Anhalten des Rotors
(2) in der vorgegebenen Lasthalte-Anhalteposition,
nachdem der Rotor (2) um einen festgelegten Winkel
gedreht worden ist, definiert ist, und eine Gesamt-
zeitdauerlänge des Erregens der Spule (3) der je-
weiligen Phase (U, V, W) bei gleichzeitigem Ausfüh-
ren von einem Zyklus oder einer Vielzahl von Rota-
tionszyklen des Rotors (2) konstant ist.

2. Verfahren gemäß Anspruch 1,
wobei die Steuerungseinheit (6) die Ansteuerschal-
tung (9, 10) auf Basis der Position des Rotors (2)
steuert, die durch einen Drehsensor (4) mit Bezug
auf eine vorherige Anhalteposition des Motors (1)
detektiert wird, die durch einen Positionssensor (5)
detektiert wird, um so den Motor (1) in einer Position
anzuhalten, die um einen festgelegten Winkel mit
Bezug auf die vorherige Anhalteposition winkelmä-
ßig verschoben ist.

Revendications

1. Procédé de commande d’entraînement de machine-
rie électrique, dans lequel un moteur polyphasé (1)
est utilisé comme source d’entraînement d’un mé-
canisme d’assistance, ledit procédé étant exécuté
par une unité de commande (6) comprenant un cir-
cuit d’entraînement (9, 10) pour entraîner le moteur
multiphasé (1),
dans lequel,
l’unité de commande (6) commande l’arrêt d’un rotor
(2) dans une position d’arrêt de maintien de charge,
qui est une position d’arrêt du rotor (2) correspondant
à un angle électrique spécifique au niveau duquel
un courant électrique maximum passe à travers la
bobine (3) de l’une quelconque des phases (U, V,
W) et au niveau duquel une rotation du rotor (2) est
arrêtée dans un état où une bobine de moteur (3)
est mise sous tension et le rotor (2) est dans un état
de maintien de charge,
caractérisé en ce que
le rotor (2) est arrêté dans la position d’arrêt de main-
tien de charge qui est décalée angulairement d’un
angle électrique de 180/n degrés, où n est le nombre
de phases et est un nombre entier de deux ou plus,
dans une direction de rotation prescrite, par rapport
à une position d’arrêt de maintien de charge précé-
dente du rotor (2), et
un cycle de rotation du rotor (2) est défini comme
faisant tourner le rotor (2) d’une position d’arrêt de
maintien de charge donnée et arrêtant le rotor (2)
dans la position d’arrêt de maintien de charge don-
née après la rotation du rotor (2) selon un angle pres-
crit, et une durée totale de mise sous tension de la
bobine (3) de chaque phase (U, V, W), tout en ef-
fectuant un cycle ou une pluralité de cycles de rota-

tion du rotor (2), est constante.

2. Procédé selon la revendication 1,
dans lequel l’unité de commande (6) commande le
circuit d’entraînement (9, 10) sur la base de la posi-
tion du rotor (2), qui est détectée par un capteur de
rotation (4), par rapport à une position d’arrêt précé-
dente du moteur (1), qui est détectée par un capteur
de position (5), de manière à arrêter le moteur (1)
dans une position décalée angulairement d’un angle
prescrit par rapport à la position d’arrêt précédente.
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