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(57) ABSTRACT 

Acontrol device for an alternating current motor includes: a 
target current generating unit Which generates a current 
order value, based on a torque order, as a d-aXis target 
current and a q-aXis target current on dq coordinates; a 
current detection device Which detects an alternating current 
supplied to each phase of a polyphase alternating current 
motor; a coordinate transforming unit Which transforms the 
alternating current detected by the current detection device 
into a d-aXis current and a q-aXis current on the dq coordi 
nates; and a vector control unit Which carries out a current 
feedback control so that the d-aXis current folloWs up the 
d-aXis target current and the q-aXis current folloWs up the 
q-aXis target current. The vector control unit further 
includes: an operation switching unit Which, depending on 
Whether a back electromotive voltage of the alternating 
current motor is greater than or equal to a predetermined 
value, calculates one of a d-aXis deviation and a q-aXis 
deviation from the deviation betWeen the d-aXis target 
current and the d-aXis current and the other one of the d-aXis 
deviation and the q-aXis deviation from the deviation 
betWeen the q-aXis target current and the q-aXis current; and 
an integration controlling unit Which outputs a d-aXis inte 
gration voltage order value proportional to an integral value 
of the d-aXis deviation and a q-aXis integration voltage order 
value proportional to an integral value of the q-aXis devia 
tion. An alternating current supplied to each phase of the 
alternating current motor is controlled based on an output of 
the integration controlling unit. 
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CONTROL DEVICE FOR ALTERNATING 
CURRENT MOTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a control device for 
an alternating current motor. More speci?cally, the present 
invention relates to a technique used in an electric current 
feedback control system for carrying out a folloW-up control 
of a measured value of the electric current With respect to an 
ordered value of the electric current. 

[0003] 2. Description of Related Art 

[0004] In an alternating current (AC) motor, such as a 
permanent magnet type motor Which utiliZes a permanent 
magnet in the ?eld, a control device for an AC motor is 
generally knoWn Which measures the electric current of an 
armature of the AC motor, converts the measured value into 
rectangular coordinates Which rotate in synchroniZation With 
a rotor, i.e., the dq coordinate system, and carries out a 
feedback control so that the deviation betWeen the ordered 
value and the measured value of the current on the dq 
coordinate becomes Zero. 

[0005] In such an AC motor, a change in the magnetic ?uX 
density is generated in the ?eld magnetic ?uX Which pen 
etrates through a coil of the armature When, for instance, a 
rotor having a permanent magnet rotates, and a back elec 
tromotive voltage Er, Which acts to cancel the supplied 
voltage of the coil electric current, is generated. The back 
electromotive voltage Er increases as the number of rota 
tions of the rotor increases and, When Er becomes equal to 
the supplied voltage of the coil electric current, the coil 
electric current becomes Zero and the rotation torque of the 
rotor also becomes Zero. 

[0006] A so-called Weak ?eld control is knoWn, Which 
makes it possible to increase, for instance, the operable 
range of the number of rotation, the rotation torque Which 
may be generated, the number of rotations at Which the 
motor can operate With high efficiency, and the range of 
rotation torque, by Weakening the magnetic ?uX of the ?eld 
equivalently. 

[0007] FIG. 4 is a vector diagram shoWing a stationary 
state of an example of a conventional control device for an 
AC motor When a vector control is performed. In the ?gure, 
the direction of the magnetic ?uX of the ?eld is indicated by 
the d-aXis and the direction Which is perpendicular to the 
d-aXis is indicated by the q-aXis. Ld and Lq indicate the 
inductance of the d-aXis and the q-aXis, respectively; R 
indicates an each phase resistance of the alternating current 
motor; (ore indicates a velocity of the electrical angle of the 
AC motor; 4) indicates a main magnetic ?uX of the ?eld of 
the AC motor; id and iq indicate the electric current along 
the d-aXis and the q-aXis, respectively; vd and vq indicate the 
voltage along the d-aXis and the q-aXis, respectively, and 
VmaX indicates a maXimum voltage Which may be supplied 
to each phase of the AC motor. 

[0008] In this case, the voltage, vd, in the d-aXis and the 
voltage, vq, in the q-aXis may be eXpressed by the equations 
(1) shoWn beloW. In the equation, wre><Ld><id, Which is a 
q-aXis interference term, becomes a Weak ?eld component 
When the back electromotive voltage Er eXceeds the maXi 
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mum voltage VmaX, Which may be supplied to each phase 
of the AC motor, and a Weak ?eld control is performed. 
Accordingly, the vector of the q-aXis interference term 
eXtends doWnWardly in FIG. 4 When the electric current id 
in the d-aXis is increased and, hence, the AC motor may be 
actuated by using a voltage smaller than the back electro 
motive voltage Er=(u)re><q)) at the voltage vq in the q-aXis. In 
this manner, a desired rotational torque may be output by 
increasing the number of operational rotations. 

(Where (nrexLqxiq indicates d-aXis interference term) 

Vq=R><iq+0Jre><¢+0JrexLdxid (1) 

(Where (nrexLdxid indicates q-aXis interference term) 

[0009] In the above-mentioned eXample of the conven 
tional control device for the AC motor, after the back 
electromotive voltage, Er, of the AC motor eXceeds the 
maXimum voltage, VmaX, Which may be supplied to each 
phase of the AC motor, and the rotation number is further 
increased, the actuation of the AC motor becomes impos 
sible if wrexLdxid, Which is the q-aXis interference term and 
becomes a Weak ?eld component, is not increased in accor 
dance With an increase in the back electromotive voltage 
Er=(u)re><q)). 

[0010] In the state described above, the magnitude of the 
voltage vq at the q-aXis tends to be dominated by the 
magnitude of the electric current id at the d-aXis. Further, 
because the d-aXis interference term: —u)re><Lq><iq is present 
at the d-aXis, the voltage vd on the d-aXis tends to be 
dominated by the magnitude of the electric current iq on the 
q-axis. 

[0011] In the above control device for an AC motor, 
hoWever, the control of the electric current feedback is 
separately carried out for the d-aXis and the q-aXis. Hence, 
at the d-aXis, the control is eXecuted so that the deviation 
betWeen the ordered value for the d-aXis and the measured 
value of the electric current becomes Zero and, at the q-aXis, 
it is controlled so that the deviation betWeen the ordered 
value for the q-aXis and the measured value of the electric 
current becomes Zero. For this reason, in a state in Which one 
of the voltages vd and vq becomes dominant to the other 
voltage, there is a danger that the current control for stabi 
liZing the AC motor may be destroyed. Thus, the current 
control may be destabiliZed and the electric current may be 
varied rapidly or a desired torque may not be obtained. 

[0012] On the other hand, in the region Where the back 
electromotive voltage Er of an AC motor is smaller than the 
maXimum voltage, VmaX, Which may be supplied to each 
phase of the AC motor, a so-called non-interactive control is 
knoWn by Which a d-aXis compensation term and a q-aXis 
compensation term that counteract each interference com 
ponent for the d-aXis and q-aXis, respectively, are input so 
that an independent control of the d-aXis and the q-aXis 
becomes possible by counteracting the speed electromotive 
force components Which interfere With each other betWeen 
the d-aXis and the q-aXis. 

[0013] HoWever, in the region Where the back electromo 
tive voltage Er eXceeds the maXimum voltage VmaX, Which 
may be supplied to each phase of the AC motor, the 
non-interactive control cannot be carried out since a poWer 
source, for instance, a battery or fuel cell, Which supplies a 
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voltage to the coil current, cannot provide the extra voltage. 
Thus, problems such as an instability in the control of the AC 
motor may be generated. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, one of the objectives of the present 
invention is to provide a control device for an AC motor 
Which can perform a stable control of the motor even When 
the back electromotive force of the AC motor is increased. 

[0015] The above objectives may be achieved by a control 
device for an alternating current motor according to the 
present invention (for example, a control device 10 for an 
alternating motor explained in the embodiment described 
later), including: a target current generating unit (for 
instance, a target current computing unit 22 in the embodi 
ment described later) Which generates a current order value, 
based on a torque order (for example, a torque order, *T, in 
the embodiment described later), as a d-axis target current 
(for example, a d-axis target current, *id, in the embodiment 
described later) and a q-axis target current (for example, a 
q-axis target current, *iq, in the embodiment described later) 
on dq coordinates Which are of a rotating rectangular coor 
dinate system; a current detection device (for example, 
electric current detectors 16 and 17 in the embodiment 
described later) Which detects an alternating current supplied 
to each phase (for example, a U-phase, V-phase, and 
W-phase in the embodiment described later) of a polyphase 
alternating current motor (for example, an AC motor 11 in 
the embodiment described later); a coordinate transforming 
unit (for example, a three-phase ac-dq coordinate trans 
former 31 in the embodiment described later) Which trans 
forms the alternating current detected by the current detec 
tion device into a d-axis current (for example, a d-axis 
current, id, in the embodiment described later) and a q-axis 
current (for example, a q-axis current, iq, in the embodiment 
described later) on the dq coordinates; and a vector control 
unit (for example, a vector controlling unit 23 in the embodi 
ment described later) Which carries out a current feedback 
control so that the d-axis current folloWs up the d-axis target 
current and the q-axis current folloWs up the q-axis target 
current, Wherein the vector control unit further includes: an 
operation sWitching unit (for example, an integration opera 
tion sWitching unit 37 in the embodiment described later) 
Which, depending on Whether a back electromotive voltage 
(for example, a back electromotive voltage, Er, in the 
embodiment described later) of the alternating current motor 
is greater than or equal to a predetermined value, calculates 
one of a d-axis deviation (for example, a d-axis deviation, 
Aid, in the embodiment described later) and a q-axis devia 
tion (for example, a q-axis deviation, Aiq, in the embodiment 
described later) from the deviation betWeen the d-axis target 
current and the d-axis current (for example, a deviation, 
Aidorg, in the embodiment described later) and the other one 
of the d-axis deviation and the q-axis deviation from the 
deviation betWeen the q-axis target current and the q-axis 
current (for example, a deviation, Aiqorg, in the embodiment 
described later); and an integration controlling unit (for 
example, integration control units 38 and 39 in the embodi 
ment described later) Which outputs a d-axis integration 
voltage order value (for example, a d-axis integration volt 
age order value, Vdi, in the embodiment described later) 
proportional to an integral value of the d-axis deviation and 
a q-axis integration voltage order value (for example, a 
q-axis integration voltage order value, Vqi, in the embodi 
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ment described later) proportional to an integral value of the 
q-axis deviation, Wherein an alternating current supplied to 
each phase of the alternating current motor is controlled 
based on an output of the integration controlling unit. 

[0016] According to the control device for an AC motor 
having the above-mentioned structure, it becomes possible, 
under a Weak ?eld control, to control the electric current of 
the AC motor in a stable manner even When the back 
electromotive voltage of the AC motor exceeds the maxi 
mum voltage, Which may be supplied to each phase of the 
AC motor, and the d-axis voltage is dominated mainly by the 
q-axis current, iq, and the q-axis voltage is mainly domi 
nated by the d-axis current, by carrying out an integration 
operation of an ordered voltage based on the current devia 
tion of the opposite axis. Thus, according to the present 
invention, a desired torque may be assuredly generated. 

[0017] The present invention also provides a control 
device for an alternating current motor, further including: a 
poWer conversion unit (for example, an inverter 13 in the 
embodiment described later) Which drives the alternating 
current motor, the poWer conversion unit being controlled by 
the vector control unit; and a poWer supply unit (for 
example, a poWer supply 14 in the embodiment described 
later) Which supplies a direct current to the poWer conver 
sion unit, Wherein the predetermined value is equal to the 
maximum voltage Which may be supplied to the alternating 
current motor from the poWer conversion unit (for example, 
the maximum voltage, Vmax, Which may be supplied to the 
AC motor 11 from the inverter 13 in the embodiment 
described later) and adjustable depending on the magnitude 
of a voltage (for example, a poWer supply voltage, Vdc, in 
the embodiment described later) supplied by the poWer 
supply unit. 

[0018] According to the control device for an AC motor 
having the above-mentioned structure, for instance, When 
the voltage of the poWer supply unit is changed, it is possible 
to assuredly obtain the timing at Which an integration 
operation of an ordered voltage based on the current devia 
tion of the opposite axis is carried out. Accordingly, for 
example, When the number of rotations of the AC motor is 
loW, the integration operation of the ordered voltage can be 
carried out in a secured manner based on the current 
deviation of the opposite axis in synchroniZation With the 
start timing of the Weak ?eld control. Thus, the AC motor 
can be smoothly controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Some of the features and advantages of the inven 
tion having been described, others Will become apparent 
from the detailed description Which folloWs, and from the 
accompanying draWings, in Which: 

[0020] FIG. 1 is a structural diagram of a control device 
for an AC motor according to an embodiment of the present 

invention; 
[0021] FIG. 2 is a structural diagram of a vector control 
unit shoWn in FIG. 1; 

[0022] FIG. 3 is a flow chart for explaining the operation 
of a integration operation sWitching unit; and 

[0023] FIG. 4 is a vector diagram shoWing a stationary 
state of a conventional control device for an AC motor When 
a vector control is performed. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Hereinafter, embodiments of the control device for 
an AC motor according to the present invention Will be 
described With reference to attached draWings. 

[0025] FIG. 1 is a structural diagram shoWing a control 
device 10 according to an embodiment of the present 
invention. FIG. 2 is a structural diagram of a vector control 
unit 23 shoWn in FIG. 1. 

[0026] The AC motor control device 10 according to an 
embodiment of the present invention is capable of control 
ling an AC motor 11, Which may be used in, for instance, an 
electric vehicle. The AC motor 11 may be, for eXample, an 
alternating current synchronous (ACS) motor of a perma 
nent magnet type Which utiliZes a permanent magnet in its 
?eld. 

[0027] As shoWn in FIG. 1, the control device 10 for an 
AC motor includes an electrical control unit (ECU) 12, an 
inverter 13, and a poWer supply 14. 

[0028] The inverter 13 may be, for instance, a pulse Width 
modulation (PWM) inverter and includes a sWitching ele 
ment such as an insulated gate bipolor transistor (IGBT). 
The inverter 13 converts a dc poWer supplied by the poWer 
supply 14, Which may be, for instance, a battery or a fuel 
cell, into three-phase ac poWer and supplies it to the AC 
motor 11. 

[0029] The ECU 12 controls a poWer converting operation 
of the inverter 13 and outputs a U-phase ac voltage order 
value, *Vu, a V-phase ac voltage order value, *Vv, and a 
W-phase ac voltage order value, *VW, to the inverter 13 as 
sWitching orders so that a U-phase current, iu; a V-phase 
current, iv; and a W-phase current, iW, corresponding to each 
of the ordered voltage values, *Vu, *Vv, and *VW, respec 
tively, may be output to each phase of the AC motor 11 from 
the inverter 13. 

[0030] For this reason, the folloWing signals are input into 
the ECU 12 including a signal of a magnitude of accelerator 
operation, Ac, relating to such operation as an actuating 
operation of an accelerator pedal by a driver, a signal of a 
polar position ?re (electrical angle) and a rotation number N 
of the AC motor 11 Which are output from a polar position 
angular velocity detector provided With the AC motor 11, a 
signal of, for instance, the U-phase current, iu, and the 
W-phase current, iW, output from electric current detectors 
16 and 17 for detecting an ac current supplied to the U-phase 
and the W-phase betWeen the inverter 13 and the AC motor 
11, and a signal of a poWer supply voltage, Vdc, output from 
a voltage detector 18 provided With the poWer supply 14. 

[0031] Also, the ECU 12 includes a torque order comput 
ing unit 21, a target current computing unit 22, and a vector 
controlling unit 23. 

[0032] The torque order computing unit 21 calculates a 
torque value required based on the magnitude of accelerator 
operation, Ac, and the rotation number, N, and generates a 
torque order, *T, necessary for generating the torque value 
in the AC motor 11, Which is output to the target current 
computing unit 22. 

[0033] The target current computing unit 22 calculates a 
current order for assigning the current for each phase, iu, iv, 
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and iW, Which is supplied to the AC motor 11 from the 
inverter 13, based on the torque order value, *T, and the 
rotation number N. The current order is output to the vector 
controlling unit 23 as a d-aXis target current, *id, and a 
q-aXis target current, *iq, on the rotating orthogonal coor 
dinates. 

[0034] In the dq coordinates forming the rotating orthogo 
nal coordinates, the direction of the magnetic ?uX of the ?eld 
is indicated by, for instance, the d-aXis and the direction 
perpendicular to the d-aXis is de?ned as the q-aXis. The dq 
coordinates rotates in synchroniZation With the rotor (not 
shoWn in the ?gure) of the AC motor 11 at an electrical 
angular velocity of care. In this manner, the d-aXis target 
current, *id, and the q-aXis target current, *iq, Which are 
direct current type signals, are supplied as a current order 
With respect to an ac signal supplied to each phase of the AC 
motor 11 from the inverter 13. 

[0035] Also, the target current computing unit 22 
increases the d-aXis target current, *id, in accordance With 
the back electromotive voltage, Er, When the back electro 
motive voltage, Er, is increased in proportion to the rotation 
number N of the AC motor 11 and eXceeds the maXimum 
voltage, VmaX, Which is the limit of voltage may be supplied 
to the AC motor 11 from the inverter 13, so that the Weak 
?eld control due to the d-aXis armature reaction may be 
carried out by an equivalently Weakened magnetic ?uX of 
the ?eld. 

[0036] The vector controlling unit 23 carries out a feed 
back control of the electric current on the dq coordinates and 
calculates each voltage order value *Vu, *Vv, and *VW to be 
output to the inverter 13 based on the d-aXis target current 
*id and the q-aXis target current *iq. In the feedback control 
process, the vector controlling unit 23 controls so that the 
deviation betWeen each of d-aXis current, id, and the q-aXis 
current, iq, on the dq coordinates, Which is obtained by 
converting the each phase current iu, iv, and iW actually 
supplied to the AC motor 11 from the inverter 13 into a value 
on the dq coordinates, and the d-aXis target current, *id, and 
the q-aXis target current, *iq, becomes Zero. 

[0037] That is, as shoWn in FIG. 2, among the U-phase 
current, iu; the V-phase current, iv; and the W-phase current, 
iW, Which are supplied to each phase of the AC motor 11 
form the inverter 13, the U-phase current, iu, and the 
W-phase current, iW, for instance, are detected by the electric 
current detector 16 and 17, respectively, and input into a 
three-phase ac-dq coordinate transformer 31. 

[0038] The three-phase ac-dq coordinate transformer 31 
transforms the U-phase current, iu, and the W-phase current, 
iW, on stationary coordinates into rotational coordinates 
according to the rotational phase of the AC motor 11, i.e., the 
d-aXis current, id, and the q-aXis current, iq, on the dq 
coordinates, based on the folloWing equation (2): 

[0039] The d-aXis current, id, and the q-aXis current, iq, 
output from the three-phase ac-dq coordinates transformer 
31 are input into subtracters 32 and 33, respectively. 
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[0040] The subtracter 32 calculates a deviation, Aidorg, 
between the d-aXis target current, *id, and the d-aXis current, 
id, and the subtracter 33 calculates a deviation, Aiqorg, 
betWeen the q-aXis target current, *iq, and the q-aXis current, 
1q. 

[0041] In the above case, since the d-aXis target current, 
*id, and the q-aXis target current, *iq, and the d-aXis current, 
id, and the q-aXis current, iq are direct signals, phase lag and 
amplitude error, for instance, are detected as a direct current. 

[0042] Each of the deviation Aidorg and Aiqorg output 
from the subtracters 32 and 33, respectively, are input into 
proportional control units 34 and 35, respectively. 

[0043] The proportional control unit 34 multiplies the 
deviation, Aidorg, by, for instance, a proportional gain, Kpd, 
to calculate a d-aXis proportional voltage order value, Vdp. 
The proportional control unit 35 multiplies the deviation, 
Aiqorg, by, for instance, a proportional gain, Kpq, to calcu 
late a q-aXis proportional voltage order value, Vqp. 

[0044] Also, both the deviation Aidorg and Aiqorg output 
from each of the subtracters 32 and 33 are input into an 
integration operation sWitching unit 37. 

[0045] The integration operation sWitching unit 37 calcu 
lates a d-aXis deviation, Aid, and a q-aXis deviation, Aiq, 
from the deviations, Aidorg and Aiqorg, respectively, based 
on a predetermined relative relationship of the back elec 
tromotive force, Er, of the AC motor 11 and the maximum 
voltage, VmaX, Which may be supplied to the AC motor 11 
from the inverter 13 (to be described later.) 

[0046] The d-aXis deviation, Aid, and the q-aXis deviation, 
Aiq, output from the integration operation sWitching unit 37 
are input into integration control units 38 and 39, respec 
tively. 

[0047] The integration control unit 38 multiplies the d-aXis 
deviation, Aid, by, for instance, a gain, Kid, to calculate a 
d-aXis integration voltage order value, Vdi. The integration 
control unit 39 multiplies the q-aXis deviation, Aiq, by, for 
instance, a gain, Kiq, to calculate a q-aXis integration voltage 
order value, Vqi. 

[0048] Also, both the d-aXis proportional voltage order 
value, Vdp, output from the proportional control unit 34 and 
the d-aXis integration voltage order value, Vdi, output from 
the integration control unit 38 are input into an adder 41. The 
adder 41 performs an operation in Which the d-aXis propor 
tional voltage order value, Vdp, and the d-aXis integration 
voltage order value, Vdi, are added to calculate the d-aXis 
voltage order value, *Vd. 

[0049] In the same manner as above, both the q-aXis 
proportional voltage order value, Vqp, output from the 
proportional control unit 35, and the d-aXis integration 
voltage order value, Vqi, output from the integration control 
unit 39, are input into an adder 42. The adder 42 performs 
an operation in Which the q-aXis proportional voltage order 
value, Vqp, and the q-aXis integration voltage order value, 
Vqi, are added to calculate the q-aXis voltage order value, 
*Vq. 

[0050] The d-aXis target current, *id, and the q-aXis target 
current, *iq, and the electrical angular velocity, (ore, of the 
AC motor 11 output from a polar position-angular velocity 
detector 15 are input into a non-interference control unit 43. 
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Also, values of the d-aXis inductance, Ld, and those of the 
q-aXis inductance, Lq, are maintained in the non-interfer 
ence control unit 43. 

[0051] The non-interference control unit 43 calculates a 
d-aXis compensation term, Vdk, and a q-aXis compensation 
term, Vqk, Which cancel interference components for the 
d-aXis and the q-aXis in order to independently control the 
d-aXis and the q-aXis by canceling speed electromotive force 
components Which interfere betWeen the d-aXis and the 
q-aX1s. 

[0052] Note that the non-interference control unit 43 stops 
its operation When, for instance, the back electromotive 
voltage, Er, of the AC motor 11 is increased and eXceeds a 
predetermined value Which depends on the maXimum volt 
age, VmaX, that can be supplied to the AC motor 11 from the 
inverter 13. 

[0053] The d-aXis compensation terms, Vdk, output from 
the non-interference control unit 43 and the d-aXis voltage 
order value, *Vd, output from the adder 41 are input into a 
non-interference control adder 44. The q-aXis compensation 
terms, Vqk, output from the non-interference control unit 43 
and the q-aXis voltage order value, *Vq, output from the 
adder 42 are input into a non-interference control adder 45. 

[0054] The non-interference control adder 44 assigns a 
neW d-aXis voltage order value, *Vd, from a value obtained 
by adding the d-aXis compensation term, Vdk, and the (old) 
d-aXis voltage order value, *Vd. 

[0055] In the same manner as above, the non-interference 
control adder 45 assigns a neW q-aXis voltage order value, 
*Vq, from a value obtained by adding the q-aXis compen 
sation term, Vqk, and the (old) q-aXis voltage order value, 
*Vq. 
[0056] Both the d-aXis voltage order value, *Vd, output 
from the non-interference control adder 44 and the q-aXis 
voltage order value, *Vq, output from the non-interference 
control adder 45 are input into a dq three-phase ac coordi 
nate transformer 46. 

[0057] The dq three-phase ac coordinate transformer 46 
transforms the d-aXis voltage order value, *Vd, and the 
q-aXis voltage order value, *Vq, on the dq coordinates into 
a U-phase ac voltage order value, *Vu, and a W-phase ac 
voltage order value, *VW, on three-phase ac coordinates, 
Which are stationary coordinates, based on the folloWing 
equation (3): 

mm cosOre —sin0re * Vd ] (3) 

[0058] Note that in the equation (3), the coefficient C, 
Which corresponds to the (2/3)”2 in equation (3) is a conver 
sion factor used to keep the dealing voltage from changing 
before and after the conversion. 

[0059] The U-phase ac voltage order value, *Vu, and the 
W-phase ac voltage order value, *VW, output from the 
dq-three phase ac coordinate transformer 46 are input into a 
computing unit 47. 

[0060] The computing unit 47 calculates a V-phase ac 
voltage order value, *Vv, using the equation: *Vv=—(*Vu)— 
(*VW). 
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[0061] The U-phase ac voltage order value, *Vu, output 
from the dq three-phase ac coordinate transformer 46 and 
the V-phase ac voltage order value, *Vv, output from the 
computing unit 47 are input into the inverter 13 as switching 
orders. 

[0062] Next, examples of the operation of the control 
device 10 for an AC motor according to the embodiment of 
the present invention having the above-mentioned structure 
Will be explained With an emphasis on the operation of the 
integration operation sWitching unit 37 With reference to 
attached draWings. 

[0063] FIG. 3 is a How chart for explaining the operation 
of the integration operation sWitching unit 37. 

[0064] In step S1 of the How chart, it is determined if the 
maximum voltage, Vmax, Which may be supplied to the AC 
motor 11 from the inverter 13, is larger than the back 
electromotive voltage, Er. If the result of the determination 
is “yes” (i.e., VmaxZEr), it proceeds to step S2. 

[0065] In step S2, the deviation, Aidorg, is set for the 
d-axis deviation, Aid, and proceeds to step S3. In step S3, the 
deviation, Aiqorg, is set for the q-axis deviation, Aiq, and 
terminates the series of processes. 

[0066] On the other hand, if the result of the determination 
is “no” in step S1, it proceeds to step S4. 

[0067] In step S4, a negative value of the deviation, 
Aiqorg, (i.e., —Aiqorg) is set for the d-axis deviation, Aid, 
and proceeds to step S5. In step S5, the deviation, Aidorg, is 
set for the q-axis deviation, Aiq, and terminates the series of 
processes. 

[0068] The back electromotive voltage, Er, of the AC 
motor 11 is calculated as Er=¢1><uure based on the maximum 
value, (1)1, of the ?eld magnetic ?ux Which interlinks With 
three-phase armature Winding (not shoWn in ?gures) of the 
AC motor 11. In this case, the maximum voltage, Vmax, 
Which may be supplied to the AC motor 11 from the inverter 
13, is equal to the maximum amplitude of each phase ac 
voltage and, for instance, it is equal to a half of the poWer 
supply voltage, Vdc, (i.e., Vdc/2) if ignoring, for instance, 
the voltage drop of such elements as the sWitching elements 
in the inverter 13. 

[0069] That is, the equation used for the determination 
process in step S1 may be expressed as the folloWing 
equation (4): 

VdC/ZEtPlxOJre (4) 

[0070] Also, in the dq coordinate system, if the conversion 
factor used for the conversion of the three phase ac coordi 
nates into the dq coordinates, i.e., the coef?cient C=(2/3)1/2, 
is considered, the maximum value (1)2 of the ?eld ?ux in the 
dq coordinates may be expressed as ¢2=<|>1><(1/C), and the 
back electromotive voltage, Er, is expressed as the equation: 
Er=100 2><uure. Accordingly, the maximum voltage, Vmax, 
Which may be supplied to the AC motor 11 from the inverter 
13, is expressed as the equation: Vmax=(Vdc/2)><(1/C). That 
is, the equation used for the determination process in step S1 
may be expressed by the folloWing equation (5): 

[0071] As explained above, according to an embodiment 
of the control device 10 for an AC motor of the present 
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invention, it becomes possible, by carrying out a Weak ?eld 
control, to control the electric current of the AC motor 11 in 
a stable manner even When the back electromotive voltage, 
Er, of the AC motor 11 exceeds the maximum voltage, 
Vmax, Which may be supplied to the AC motor 11 from the 
inverter 13, and the d-axis voltage tends to be dominated 
mainly by the q-axis current, iq, and the q-axis voltage is 
mainly dominated by the d-axis current. Thus, according to 
the present invention, a desired torque may be assuredly 
generated. 

[0072] Also, according to the present invention, When a 
battery is used as the poWer supply 14 and if a change such 
as a poWer supply voltage, Vdc, drop is caused by, for 
instance, a deterioration or a reduction in the remaining 
charge of the battery, the d-axis deviation, Aid, and the 
q-axis deviation, Aiq, may be adjusted in accordance With 
the changed poWer supply voltage, Vdc. Accordingly, the 
control of the AC motor may be smoothly performed, for 
example, in synchroniZation With a start timing of the Weak 
?eld control. 

[0073] Although the maximum voltage, Vmax, Which may 
be supplied to the AC motor 11 from the inverter 13, is equal 
to half of the poWer supply voltage, Vdc, (i.e., Vdc/2) in the 
embodiment mentioned above, the maximum voltage is not 
limited as such and may be a value taking into account the 
drop in voltage When, for instance, there is a voltage drop of 
such elements as a sWitching element in the inverter 13. 

[0074] Moreover, although it is determined in step S1 of 
the above embodiment of the present invention that if the 
maximum voltage, Vmax, Which may be supplied to the AC 
motor 11 from the inverter 13, is larger than the back 
electromotive voltage, Er, of the AC motor 11, it is not 
limited as such and it is possible to determine if the 
maximum voltage, Vmax, Which may be supplied to the AC 
motor 11 from the inverter 13, is larger than the back 
electromotive voltage, Er, of the AC motor 11 by a prede 
termined value, 0t, i.e., (Er+ot.) 

[0075] Further, although the non-interference control is 
carried out When the back electromotive voltage, Er, of the 
AC motor 11 is smaller than the maximum voltage, Vmax, 
Which may be supplied to the AC motor 11 from the inverter 
13, in the above-mentioned embodiment of the present 
invention, it is not limited as such and the non-interference 
control unit 43 need not be employed. 

[0076] In addition, although an ACS motor of a permanent 
magnet type is used as the AC motor 11 in the above 
embodiment of the present invention, it is not limited as such 
and other alternating current motors such as an induction 
motor may be used. 

[0077] Having thus described several exemplary embodi 
ments of the invention, it Will be apparent that various 
alterations, modi?cations, and improvements Will readily 
occur to those skilled in the art. Such alterations, modi?ca 
tions, and improvements, though not expressly described 
above, are nonetheless intended and implied to be Within the 
spirit and scope of the invention. Accordingly, the invention 
is limited and de?ned only by the folloWing claims and 
equivalents thereto. 
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1. A control device for an alternating current motor, the q-aXis deviation from the deviation betWeen said 
comprising: q-aXis target current and said q-aXis current; and 

a target current generating unit Which generates a current 
order value, based on a torque order, as a d-aXis target 
current and a q-aXis target current on dq coordinates 
Which are of a rotating rectangular coordinate system; 

an integration controlling unit Which outputs a d-aXis 
integration voltage order value proportional to an 
integral value of said d-aXis deviation and a q-aXis 
integration voltage order value proportional to an 

a current detection device Which detects an alternating integral Value of Said q'aXiS deviatiom wherein 
current supplied to each phase of a polyphase alternat 
. an alternating current supplied to each phase of said 
1ng current motor; 

alternating current motor is controlled based on an 
a coordinate transforming unit Which transforms said output of said integration controlling unit. 

alternating current detected by said current detection 2_ A Control device for an alternating Current motor 
device into a d-aXis current and a q-aXis current on said according to Claim 1, further Comprising; 
dq coordinates; and 

a poWer conversion unit Which drives said alternating 
current motor, said poWer conversion unit being con 
trolled by said vector control unit; and 

a vector control unit Which carries out a current feedback 
control so that said d-aXis current folloWs up said d-aXis 
target current and said q-aXis current folloWs up said 
q-aXis target Current, wherein a poWer supply unit Which supplies a direct current to said 

said vector control unit further comprises: power Converslon umt’ Wherem 

an Operation Switching unit which, depending on said predetermined value is equal to the maXimum voltage 
Whether a back electromotive voltage of said alter- Which may be Supplied to Said alternating Current motor 
nating current motor is greater than or equal to a from Said Power Conversion unit and adjustable 
predetermined value, calculates one of a d-aXis dePending on the magnitude of a Voltage Supplied by 
deviation and a q-aXis deviation from the deviation Sald POWer Supply unlL 
betWeen said d-aXis target current and said d-aXis 
current and the other one of the d-aXis deviation and * * * * * 


