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VECTOR CONTROLLER FOR INDUCTION MOTOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a vector controller

_for an induction motor and, more particularly, to a vector

controller for an induction motor that is capable of

automatically adjusting a set value of a secondary

. resistance of the induction motor, namely, a resistance of a

rotor of the induction motor.
2. Description of the Related Art -

In general, vector control has been extensively used in

‘industrial fields as a method for quick control of an output

torque of an induction motor. The following will briefly

describe the vector control.

The vector control is carried out to independently
controlma toééue and a secondary magnetlc flux of an
induction motor by representing a current or magnetic flux
of a three-phase induction motor in terms of a vector of a
coordinate sys;em khown as a d-q coordinate system. The d-q
coordinate system is a rotating coordinate system with two
orthogonal axes that rotate in synchronization with a power
source, one of the axes being taken in a direction of a
secondary magnetic flux. |

In the vector control, a torque current command value
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IQR, a magnetic flux current command vaiﬁe IDR, and a slip
angular frequency command value ws* are computed according
to the following expressions (1) through (3) using a torque
command value T*, a secondary magnetic flux éémmand value
®2* and a motor constant. A method for deriving the
expressions is well known, and described in, for example,
“Véctor Control of AC Motor" by Takayoshi'Nakanb, publis??d
by Nikkan Kogyo Shimbunéha; therefore, the description of

the method will be omitted herein.
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wherg_P:'ﬁumbér of pairé of poles of motor
‘M: Mutual inductance of motor (H)
Ll: Primary self inductance of motor (H)
L2: Secondary self inductance of motdr (H)

R2: Secondary resistance value of motor (2)
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Thus, in the vector control? the slip angular frequency
command value ws* is computed according to eipression (3) to
conduct the control. Expression (3) includee the secondary
resistance value R2 of the motor. The value of R2 varies
with changes in an ambient tempefature or temperature
changes caused by heat generated by the induction motor
iteelf. Therefore, forlthe value of R2 employed for the,
computation in accordance with expressioﬁ (3‘,'a=value
corrected by taking into account a predicted change of R2
caused by a temperature change must be used.

As a known vector controller that takes such a
secondary resistanqe correction into account, there is one
disclosed in, for example, Japanese Patent Laid-Open No. 6-

| 343282, Fig. 12 is a block diagram showing a configeration
of the known vector controller. The vector controller shown
in Fig. lz_ipcludes-e veetor control unit 49 for conﬁrolling
an indggﬁieﬁ méfor'ss to be controlled according to a
secondary magnetic flux command ¢2*.end a torque command TM*, -
a waveform analyzing unit 50 that receives an induction
motor revolutibn ehgular velocity wr (hereihafter referred
to simply.asféenguiar velocity wr) and performs a waveform
analysis on the angular velocity wr, a parameter adjusting
unit 51 for adjusting a parameter (a set value of the
secondary resistance in this example) according to an eutput

of the waveform analyzing unit 50, a subtracter 52 that
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subtracts the angular velocity w} from a velocity command
wr* to compute a velocity deviation, and a velocity
controller 53 that outputs the torque commanqrvalue TM*
based'on a difference betweeh the velocity command wr* and
the angular velocity wr determined by the subtracter 52 so
that the angular velocity wr follows the velocity command
wr*. The vector controller further 1ncludes a power r
converting unit 54 that controls a primary current value Il

- according to a primary current command value Il* output from
the vector control unit 49, the induction motor 55 to be
controlled~that rotates at a-predetermined velocity and a
predetermiﬁed torque accoroing to the primary current value
Il, a velocity detector 56 that detects the angular velocity
wr of the induction motor 55, and coefficient settero 57 and
58 for a secondéry resistancelﬁz installed in the vector
control unlt 49. The following will describe an operation
of the“related art based mainly on a secondary resistance
correction method..

In the related—art, a signal that has been step-changed
to the velocity command wr* is input to perform computation
for correctiﬁéithe.secondary resistance. A waveform of the
angular velocity wr when the velocity command wr* has been
step-changed is saved in the waveform analyzing.uhit 50, and
a feature quantity of a response waveform is calculated.

The feature quantity calculated by the waveform ahalyzing
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unit 50 is supplied to the parémeﬁér adjusting unit 51 to
calculate a correction amount of the secondary resistance
set value R2 so as to correct a set value of_phe secondary
resistance R2 set at the coefficient setters 57 and 58.

Fig. 13 illustrates a.configuration example of the
waveform analyzing unit_SO. A'wéveform pf the angular
velocity wr is sampled by a sample holding ciréuit 501 andg
saved in a memory 502, then a feature quantity is calculated
by a microprocessor 503. An example of a specific
characteristic value employed as the feature quantity and a
method for determining the specific characteristic will be
discﬁssed later in detail.

A configuration example of the parameter adjusting unit
51 is constituted by a microprocessor and a memory similarly
as in the case of the waveform .analyzing unit 50 shown in
Fig. 13. ?hg_figureiwill be omiéted because it is identical.
to Fig.-}}?gkéepgufor the absence of the sample holding
circuit. 1In this case, an adjustment fule based on a
feature_quantity‘is-étored in the memory.

Regarding ﬁhe adjustment of the secondary resistance,
the adjustmentfrﬁle decides a feature quantity to be
calculated by the waveform analyzing unit 50 and how a
correction amount of the secondary resistance is determined
by the parameter adjusting unit 51 by employing the feature

guantity. An example of the adjustment rule will be
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describéd in conjunction with Fig. 14. fig. 14 shows
simulation results illustrating influences exerted by an
erroneous setting of the secondary resistancg‘RZ on a
velocity step response waveform. The response waveform is
also subjecﬁed.to influences of a transfer function of the
velociﬁy controller 53. Hence, for the purpose of
simplicity; in the response waveform of Fig. 14, the .

&
£t

transfer function of the velocity controller 53 :includes

only a proportion factor.

When a true value of the secondary resistance R2 is

. denoted as R2*, Fig. 14A illustrates a case wherein the

value of tbe secondary resistance R2 set in the vector
controller is equal to the true value R2* (R2=R2*). In this
case, the torque command TM#*, which is an output of £he
velocity contréller 53, and an actually generated torque TM
of the induq;ion motor 55 are equal. Therefore, a transfer
functiﬁﬁwgf;théHVélocity owr of the induction motor 55 with
respect to the torque command TM* wiil be determined by the

following exprgssion {4), where J denotes a moment of

inertia of the indhction motor 55, and S denotes a Laplacean.
(wr / TM*) = (1 /J-8):(4)

Therefore, when a proportion'gain of the velocity

controller 53 is denoted as GP, a closed loop transfer
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function Gw of the velocity wr in relation to the velocity

command wr* will be determined by the following expression:

Go = (wr / wr*) = [GP / J-S] / [1 + GP / J-5]

1/ [1 + (J/GP)S]*(5)

The above expression (5) rebresents a transfer function
of a primary delay factor having a time constart expressed
as J/GP, and a step response waveform thereof will be
represented by the following expression (6), where a step

amount of the velocity command is denoted By Aw.
or(t) = {l-exp[~(GP/JT)t]}Aw*(6)

Fig. 14A illustrates a waveform based on the above
expressipnlufig, 14B illustrates a case wherein R2>R2* and a
value §2"€£é sééoﬂdary resistance R2 set at the vector
controller is larger than the true vélﬁe R2*, In this case,
an excessive tprqﬁe is generated with a consequent overshoot
in a response: As'a result, a rise is faster than that in a
case wherein:Ré=R2;. |

Fig. 14C illﬁstrates a case wherein R2<R2*, that is, a
value of the secondary resistance R2 set at the vector
controller is smaller than the true value R2*. TIn this case,

an insufficient torque is generated, taking a longer time
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for'velocity to reach a final valdé. As a result, the rise
is delayed compared with the case wherein R2=R2*,

Thus, an erroneous setting of the secondary resistance
R2 can be visually recognized in the form of a difference in
vélocity step response waveform. The difference is
calculated as a differencg in a feature quantity of a
response waveform and used for adjusting the secondary 4
resistance.

Diverse quantities can be used as the feature

quantities. An example is a time T95 required for the

.velocity wr to reach 95% of a step amount Aw, meaning that a-

rise time is used as a feature quantity. When the setting
of the secondary resistance is correct, the response
waveform is represented by expression (6), so that a rise
time T95* will be a function of a time constant.(J/GP) as

shown by the following expression:

LT o -l‘-' -
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T95% = (J/GP)1n(20) = 2.996(J/GP)(7)

e

As is obvidﬁs from Fig. 14, T95 of the step response
waveform obtaihea whén R2>R2* is smaller than T95* of the
above expression (7), while T95 obtained when R2<R2* is
larger than T95* of the abovg expression.

Accordingly, the secondary resistance R2 can be

- corrected by an adjustment rule described from (1) through



(3) bélow.

(1) The velocity command wr* is step-changed by
velocity control, and thé rise time TS5 of tbg velocity wr
dufing the step change is measured.

(2) If the rise time T95 of the velocity wr is T95<T95%*,
then-R2>R2*; therefore, the value of the secondary

resistance R2 set at the vector controller is reduced.

)
.t

(3) If the rise time T95 of the velocity wt:is T95>T95%,.

then R2<R2*; therefore, the wvalue of the secondary
resistance R2 set at the vector controller is increased.

The following will describe .a specific example.
Refei:ing to Fig. ;3, the velocity command wr* is step-
changed by velocity control, and values of response
waveforms of the velocity wr sampled at appropriate ;ampling
cycles during the step changeharé stéred in the memory 502.
Based on.thg,response waveforms stored by the microprocessor
503, tgéS?iéé éihe'T95 is calculated as a feature quantity
and supplies the calculation result éo'the parameter
adjusting unit‘51;¥ The parameter adjusting unit 51 compares
T95 and T95%*, énd1determines a correction amount AR2 of the
secondary reéi;tanée set value R2 according to expression

(8) shown below:

AR2 = Kr(T95 — T95%):(8)
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Kr denotes a gain for determihing the correction amount
from the feature quantity. The valﬁe of AR2 thus determined
is added to the current secondary resistance_;et value to
calculate a new R2 so as to correct the value sét at the
vector controller. Thereafter, a step response of the
foregoing angular veloci;y is performed again;

The known vector controller for an induction motor that
ié capable of automatically adjusting a set Valueﬁof ihe
secondary resistance of the induction motor has the
aforesaid configuration and performs operation -as described
above. This system allows the set value of the secondary
resistance to be adjusted. However, there has.been-a
prdblem in that a vector controller that does not have the
velocity command wr* is incapable of correcting the |
secondary resistance according.to the known system. There
has been anot@ér problem in that, even if.the vector

3 Lo

controlléx héé ﬁié?Velocity command, a special operation has
to be performed for correcting the sedbndary resistance in
an application_wherein.the velocity command is not step-
changed during Sperafion.

Thus,-thefﬁﬁown.vector controller described above has
not been entirely satisfactory as a vector controller for an

‘induction motor that is capable of automatically adjusting a-

set value of a secondary resistance.
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SUMMARY OF THE INVENTION

Accordingly, the present invention has been made with a
view toward solving the problems described appve, and it is
an object thereof to provide a veétor contioller for an
induction motor that is capable of automatically adjusting a
set value of a secondary resistance by a simple metﬁod
withoﬁt the need for any special signal for adjusting the
secondary resistance regardless of the presenée“of a
veiociﬁy command .

With the above objects in view, the vector controller
for an induction motor of the present invention comprises a
vector control command computing means for computing a d-
axis current command value IDR, a g-axis current-command
value IQR and a slip angular frequency command value_ms*
based on a torque command value T*, a secondary magnetic
flux command. value ®2* and an induction motor constant of an
inducti&ﬁmﬁbtoéﬁﬁb'be controlled; a revolution angular
frequency computing means for computing a revolution angular
frequency wr_of the induction motor; an inverter angular
frequency-compﬁtiné means for computing an inverter angular
frequency=miﬁv.by édding the slip angqular frequency command

value ws* and the revolution angular frequency or; a dg-axis

. feed-forward voltage computing means for computing a d-axis -

feed-forward voltage command value E1DFF and a g-axis feed-

forward voltage command value E1QFF by using the d-axis

e e mpeape = e e 4 s B —— [P ¢ e s iy s - e s mim o e .



- 12 -

&

current command value IDR, the g-axis current command value
IQR, the induction motor constant and the inverter angular
frequency winv; a feed-forward voltage vector computing

means for computing a feed-forward voltage command value E1F

"by computing a square root value of a square sum of the d-

axis feed-forward voltage command value EI1DFF and the g-axis
feed-forward voltage commahd value E1QFF; é feedback cur@ént
computing means for computing a d-axis feedback ‘current IDF
and a g-axis feedback current IQF from a three-phase current
value of the induction motor; a compensation voltage
computing means for computing a d-axis compensation voltage
E1DFB from a difference between the dfaxis burrent-command
value IDR and the d-axis feedback curren£ IDF, and for
computing a g-axis compensation VOltage EiQFB'from a'
difference between the g-axis. current éommand value IQR and
the q-axis.§§edback~current IQF; a dg-axis voltage command
value §6ﬁ£ﬁ£in&“ﬁeéns for computing a d-axis voltage command
value E1DR by adding the d-axis ¢ompénsation voltage E1DFB
And the d-axis_fee&-forward voltage command value E1DFF, and
for computing-a q%éxis voltage command value E1QR by adding
the g-axis cdmﬁensétion voltage E1QFB and the g-axis feed-
forward voltage command value E1QFF; a voltage vector
computing means for determining a voltage command value E1R

by computing a square root value of a square sum of each of

. the d-axis voltage command value E1DR and the g-axis voltage
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command value E1QR; and a seéondéiy resistance correction
value computing means.for adjusting a correction value AR2
_of a secondary resistance so that a differencg between_the
feed-forward voltage command value E1F and the voltage
command value E1lR becomes zero. In the vector controller
for_inducticn motor of the prgsent invention, the vector
control command computing means employs an induction motog
constant that has been corrected by the correction wvalue AR2
of the secondary resistance to compute the slip angular
frequency command value ws* to thereby conduct vector
control of the induction motor. - |

Alternatively, the vector controller of the persent
invention may be provided with é slip angular fregquency
correction value computing unit 30 in place of the seéondary
resistance correction-value computing unit.
BRIEF DE'SCRIPTION OF THE DRAWINGS

The present invention will becdmé.more readily apparent
from the foquw;ng-detailed description of the preferred
embodiments offthe preSent invention taken in conjunction
with the-accompényiﬁg drawings, in which:

Fig. 1 is a block diagram showing a configuration of a
vector controller for an induction motor according to-a

first embodiment of the present invention;

Fig. 2 is a graph showing a principle of operation of
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the vector conﬁroller for an indﬁétion motor according to
the first embodiment of the present invention;

Fig. 3 is a block diagram éhowing a configuration of a
secondary resistance correction value computing unit
provided in the vector controller for an-induction motor
according to the first embodiment of the present invention;

Fig. 4 is a partial block diagram showing a A
configuration of a vector controlle: for an induction motor
according to a second embodiment of the present invention;

Fig. 5 is a partial block diagram showing a

configuration of a vector controller for an induction motor

‘according to a third embodiment of the present invention;

Fig. 6 is a block diagram showing a configuratiqn of a
vector controller for an induction motor according to a
fourth embodiment of the present invention;

Fig. 7_§s'a block diagram showing a configuration of a

slip afigular frequency command correction value computing

‘unit provided in the vector controller for an induction

motor according to'the fourth embodiment of the present
invention; )

Fig.- 8 is a paftial block diagram showing a
configuration of a vector controller for an induction motor
according to a fifth embodiment of the present invention;

Fig. 9 is a partial block diagram showing a

configuration of a vector controller for an induction motor
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according to a sixth embodiment of the present invention;
Fig. 10 is a partial block diagram showing a
configuration of a vector controller for an ipduction motor
accofding to a seventh embodiment of the present invention;
Fig. 11 is a partial block diagram showing a
configuration of a vector controllef for an induction motor
according to an eighth embodiment of the present invention
Fig. 12 is a block diagram showing a configuration of a
known vector controller; |
Fig. .13 is a block diagram shdwing a configuratién of a

waveform analyzer provided in the known vector controller;

-and

Fig. 14 is a graph showing simulation waveforms during

- an operation of the known vector controller.

DESCRIPTIO_N OE: THE PREFERRED EMBODIMENTS

Thejﬁgiibﬁiﬁé-wili describe embodiments of the present
invention. o
First Embodimeptl e

Fig. 1.is é.bIOék diagram showing a vector controller
for an inductiéﬁ,motér in accordance with a first embodiment
of the present invention. A vector control command |
computing unit 1 shown in Fig. 1 calculates a torque current
command value (g-axis current command value) IQR, a magnetic

flux current command value (d-axis current command value)
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IDR, and a slip angular ffeéuené& command value ws* based on
a torque command value T*, a secondary_magnetic flux command
value $2*, a secondary.resistanCe correctionnvalue AR2, and
an induction motor constant of an inductibﬁ_motor 19 to be
controlled. A feed-forward (hereinafter referred to as
"F.F.") voltage computing unit 2 calculates a g-axis feed-
forwsrd voltage command value ElQFF and a d-axis feed- .
forward voltage command value E1DFF based sn the torque
current command value IQR, the magnetic flux current command
value IDR, and an inverter angular frequency winv. Ihe
inverter angular frequency winv will be discussed
hereinafter. |

A first subtracter 3 determines a difference AIQ
between the torque current command value IQR and a torque
feedback current IQF which will be discussed hereinafter. A
second spbtgscter 4 determines a difference AID between the
magneti&?giﬁx éﬁrrént command value IDR and a magnetic flux
feedback current IDF which will be discussed hereinafter. A
first adder_S'addswa revolution angular frequency wr of the
induction-motsr to the slip angular frequency command value
ws* and-outpﬁts ths inverter angular frequency winv.

A first constant current_compensating.unit 6 receives
the difference AIQ and outputs a compensation voltage E1QFB,

a second constant current compensating unit 7 receives the

difference AID and outputs a compensation voltage E1DFB, and
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an inﬁegrator 8 integrates the i;verter éngular frequency
winv and decides a phase 6 on d-g coordinates. An angular
frequency computing uhit 9 converts an outpu;_pulse signal
of a pulse generator'20, which will be described later, into
the revolution angular frequency wr of the induction motor.
A secondary resistance correction value computing unit

10 computes the secondary resistance correction value AR2

based on the d-axis F.F. voltage command value E1DFF, the g- .

axis F.F. voltage command value E1QFF, the torque current
command value IQR, the magnetic flux éurrent command value
IDR, and voltage command vélues E1QR and E1DR which will be
discussed later. A second adder 11 adds thé g-axis F.F.
voltage command value E1QFF and the compensation voltage
E1QFB, and outputs the voltage command value EIQR, and a
third adder 12 adds the d-axis F.F. voltage command value
E1DFF and tpg cqmpénsation voltage E1DFB, and outputs the
voltagéﬁé;;hanésbalue E1DR. |

A first coordinate converting unit 13 performs
conversion inEq thfee—phase voltage command values Vu, Vv,
and Vw from thé d- and g-axis voltage command values E1QR
and E1DR repfesentea on a d-q coordinate system, and phase 9
of the d-g coordinate system. A pulse width modulation
inverter 14 applies a commanded voltage to the induction
motor 19 based. on the three-phase voltage command values Vu,

Vv, and Vw. A second coordinate converting unit 15 performs

-
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conversion into the g-axis feedback currént IQF and the d-
axis feedback current IDF on the d-g coordinates from three-
phase currents Iu, Iv, and Iw, and phase 6. A first current
detector 16 detects a U-phase current, a second current
detector 17 detects a V-phase current, and a third current
detector 18 detects a W-phase current. The induction motor
19 is aﬁ object to be cantrolled in vector, and the pulsg
generator 20 detects a number of revolutions of ‘the
induction motor 19.

An operation will now be described. The vector control

command computing unit 1-employs.the torque command T*, the

secondary magnetic flux command ®2*, circuit constants of

the induction motor 19, and an output AR2 of the secondary
resistance correction value computing unit 10 to coméute the
torgue current command value IQR, the magnetic flux current'
command va;ug'IpR,:and the slip angle frequency command

value mgiwéécogaing to expressions (9) through (11) shown

below:




- IQR " (R2* +AR2) )

IDR L2*

a)s*

where _
P: Number of pairs of poles of motor
‘M*: Set value of mutual inductance of motor (H)
L2*: Set value of'secondary self inductance of
motor (H) |
R2*: Set vaiue of secondary resistance of motor (Q)

The asterisks (*) attached to the circuit constants~M,.
L2, and R2 of the induction motor in the above expressions
(%) through (il) denote nominal wvalues or.set values.

The slip angular frequency command value ws* determined
by the vector éontrol command computing unit 1 is added to
the inductor motor revolutién angular frequency wr in the
first a§§§§z§ ;?Lcompute the inverter angular frequency winv.

Thé F.F. computing unit 2 receives the torque current
command value IQR,. the magnetic flux current command value
IDR, and the-iaverter angular frequéncy winv, and compuﬁes
the q—axile.F; voltage command value E1QFF and the d-axis
F.F. voltage command value E1DFF according to the following

expressions (12) and (13).

EIQFF = R1* X IQR + winv X Ll* X IDR ... (12)
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EIDFF = R1* X IDR — oinv X L1* X ¢ X IQR ... (13)

where
Rl*: Set value of primary resistance of motor (Q)
Ll*: Primary self inductance of motor (H)
o: Leakage coefficient (=1 - M*¥/(Ll* X L2%*))
Based on the differgnce AIQ, Which is an output of'thg'
first subtracter 3, the first'constaht current-cbmpensating
unit 6 outputs a compensation voltage E1QFB so that the g-
axis feedback current IQF coincides with the.torque current
command value IQR. Likewise, based on the difference AID,
which is an output of the second subtracter 4, the second
constant current compensating unit 7 outputs a compensation
voltage ElDF3 that causes the d-axis feedback current:IDF to
coincide with the magnetié flux current command value IDR.
The second adder 11 adds the g-axis F.F. voltage
commandfyéfﬁé.EiaﬁF"and the compensation voltage E1QFB to
obtain_the voltage command value ElQR:"'Similarly, the third
adder 12 adds the d-axis F.F. voltage command value E1DFF
and the compenggtioﬁ voltage E1DFB to obtain the voltage
command value EiDR.'
The first coordinate converting unit 13 is a coordinate
converting unit that converts the voltage command values
EI1QR and E1DR into the three-phase voitage command values Vu,

Vv, and Vw, and it performs computation according to the
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following expression (14), where 6 denotes a phase of a d-g

coordinate system computed by the integrator 8 as described

above.

( \

Vu cos@ sin@

wl=2c (9-57:) sin(e—zn) (EIQR - (14)

=3 N3 3"/ \E1DR)

Vw 4 4 .
cos(e——ﬂ) sin(e——-fr) -
\ 3 3 /) .-

The pulse width modulation inverter 14 carries out
pulse width modulation control based on the three-phase -
voltage comﬁands Vu, Vv, and Vw, énd applies a commanded
volﬁagg to drive the induction motor 19.

.The second coordinate converting unit 15 is a
coordinate converting unit that converts the three-phase
currents Iu, v, and. Iw detected by the current detectors 16,
17, and«ls, respectlvely, into the currents IQF and IDF on
the d-q coordinates by employing phase 0 of the d-q
coordinate system, .and performs computation accordiﬁg to the

following_expféssion (15).

(IQF)= Z cos@ COS(Q—%# COS(@

IDF) 3} . 2 v [ (15)
sin@ sm(e—;rr) sm(e

hv

WIA ul,(;
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This completes the description of the operation of the

entire system. The principle of operation of the secondary

resistance correction value computing unit 10 will now be

described.

In an ideal state wherein all constants of the
induction motor set by the vector control and all actual
constants of the induction motor agree with_eech other, the
compensation voltages E1QFB and E1DFB, which are outputs of
the constant current compensating units 6 and 7,
respectively, are zero. In other words, disagreement of the
constants of the induction motor- causes E1QFB and E1DFB to
take non-zero values. This means that an ideal vector
control state can be maintained by monltorlng magnltudes of
the compensation voltages ElQFB and E1DFB of the d—ax1s and
g-axis and by adjusting the induction motor constant set by
the vector cbntrol*command computing unit 1 so that the
values‘bf the compensatlon voltages become Zero.

A relationship between the lnductlon motor constants
and vector control»performance will now be discussed. 1In
the vector control, the resistance values, the self
1nductances,,and mutual inductances of the primary and the
secondary, respectively, are set as the induction motor
constants. The self inductances and the mutual inductances
of the primary and the secondary scarcely change with

temperature changes. Therefore, it can be considered that a

s
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resisténée value changes with an Bperatiné'condition of the
induction motor.

Furthermore, of resistance values, a set;ing error of a
primary resistance value hardly influences the compensation
voltages E1QFB and EIDFB in a region wherein output voltages
of the induction motor are high, and an output torque exerts
more influénces due to a_setting error of a secondary P
resistance value than a setting error of a primary
resistance value. For this reason, there should be no
problem in considering that the foregoing compensation
voltage outputs correspond to deviations Of;actuél secondary
resistance values from the secondary resistance values set
by the controller. |

Eig. 2 shows changes in voltage vector when the AA and
‘q-axis voltage commands EIDR and E1QR represented by wvector
when the secondary resistance set by the controller differs
from an:gégﬁéi égbondary resistance of the induction motor,
Ratio K is defined by expression'(ls)iéhown below.

- e

K = R2/R2% . (16)

where

R2: Secondary resistance value (actual value) of

motor (Q)

R2*: Secondary resistance value set at'controller (Q)

et e e e e b e e e = Vmear cm e e, s e g s e e s s et e e e e L Smmseemeas e+ e e s
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If K=1.0, that is, the'secoﬂdary resistance value R2 of
the induction motor agreeé_with the secondary resistance
value R2* set at the contfoller, then the voltage is
indicatéa by a voltage vector shown by a thick-line arrow in
Fig. 2. 1In this state, the'compensation voltages E1QFB and
E1DFB become zero as previously mentioned. Thus, a voltage
commaﬁd at this time is decided only by the F.F. voltage ,
command values E1QFF and E1DFF. If the magnitude of the
voltage command is defined as VPF, then VPF is determined by

the following expression (17).

VPF = \|EIDFF* + EIQFF? -..(17)

Descriptions will now be given of a case where the
secondary registance.value of the induction motor is smaller
than a'gégﬁéécé;aary resistance value of the controller,
e.g., K=0.7. 1In this state, a slip fEequency is set to a
large value, so that a feedback current will be large with
respect to a éarrent command value. As a result, an
operation of tﬁg céhstant current compensating units 6 and 7
makes a correction to reduce the voltage commands E1QR and
EIDR. The voltage vector at that time is indicated by A of
Fig. 2. If the magnitude of the voltage is defined as VPa,

then VPA is determined by the following expression (18):

U U R D TS M T R

-
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VPA = \(ELDFF + E1DFB)* + (E1QFF + E1QFB)?
= JE1DR? + E1QR? ---(18)

Referring to Fig. 2, the magnitude of the voltage
vector under this condition can be represented by a '

relationship of the following expression (19):
VPF > VPA ... (19)

If the secondary resistance value of the indqction
motor is larger than a set secondary resistance.valué of the
controller, e.g., K=1.3, then the opposite situation'frbm.
that in the case of K=0.7 océurg, and the voltagé vector
will be as indicated-by B of Fig. 2. Iflthe magnitude of
the VOltagéwﬁééto§Lat that time is défined as VPB, then a
relationS;ip between VPB and VPF is repfesented by the
following.expressionﬁgzq) when the same rule as the above

applies.
VPF < VPB ... (20)

The foregoing relationships may be summarized as shown

below.
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If R2 < R2*, then VPA < VPF.

If R2 > R2*, then VPB > VPF.

The secondary resistance correction value computing
unit 10 calculates the secondary resistance correction value
AR2 according to the principle of operation described above.
Fig. 3 shows-an internal configuration of the secondary .
resistance correction value computing unit 10. °

Referring to Fig. 3, first through fourth multipliers
101 through 104 compute square values of the d- and g-axis
voltage command values E1DR and-E1QR, and the d- and g-axis
F.F. voltage command values ELDFF and E1QFF. A fourth adder
105 adds the square valués of thé d- and g-axis voltage
command values E1DR and E1QR, and a fifth adder 106 Adds the
square values of the d- and g-axis F.F. voltage command
values ElDFF and E1QFF. A first computing unit 107 computes
a square root EIR ‘of the square sum of the d- and g-axis
voltage command values E1DR and ElQR, and a second computing
unit 108 computes:a square root El1F of the 'square sum of the
d- and g-axis F.F. voltage command values E1DFF and EIQFF.

A thlrd subtracter.109 subtracts E1F from EIR to compute a
voltage deviation AEl, and a control unit 110 computes a
correction value dsr that causes the voltage deviation AE1l
to become zero. A fifth multiplier 111 multiplies the

correction value dsr by the magnetic flux current command

e ammmLniamm  ameeme e s hmie e = e am e = vm e ame o 4w e e tm e o s e e e e mmae mm =
. ~ pa B



value IDR. A first divider 112 Aivides a computation result
of the fifth multiplier 111 by the torque current command
value IQR. A sixth multiplier 113 multiplies_a computation
result of the first divider 112 by the induction motor
constant Ll* to compute the secondary resistance correction
value AR2.

An operation of the secondary resistance correction ﬁ.
value computing.unit 10 will now be described. The
secondary resistance correction value computing unit 10
receives the d- and g-axis F.F. voltage command values E1DFF
and E1QFF, the d- and.q-axis voltage command values E1DR and
E1QR, the torQue current command value IQR, and the magnetic
flux current command value IDR, and computes ElF,_which is a
square root value of the square sum qf E1DFF and EI1QFF. as
shown in Fig. 3. Similarly, the secondary resistance
correctlon value computlng unit 10 computes E1R, which is a
square,root value of the square sum of EIDR and E1QR. The
third subtracter 109 subtracts E1F from EIR to compute'the
voltage deviaElon'AEl-and supplies the computed Aﬂl to the
first control-ﬁnit'llo. The first control unit 110 computes
the correction valua dsr that reduces the voltage deviation
AEl to zero. At this time, the torque current command value
IQR and the magnetic.fluxlcurrent command value IDR, which
have been computed in the vector control command computing

unit 1 according to expressions (9) and (10), and a primary
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self inductance set value Ll* of‘the induction motor are
employed to calculate the secondafy resistancc correction
value AR2, then the calculation'resulf is supplied to the
vectof control command compucing unit 1.

The vector control command computing unit 1 employs the
secondary resistance correcticn value AR2 to compute the
slip angular frequency command value ms*'according to p

expression (1l1).

As the control unit 110, a proportional integrator is

"usually used; however, an integrating computing unit is

adequate because changes in the secondéry”resistance caused
by temperature changes are relatively dull.

Thus, according to the wvector controller for an
induction motor in this embodiment shown in Fig. 1, che
secondary resistaﬁce correction value AR2 is calculated by
the secopdagy resistance correctiop value computing unit 10,
and tH§;§Iib agéular frequency command value ws* is
calculated by the vector control comﬁand computing unit 1
according tc egpréssion (11). This arrangement enables the
secondéry resistance, which is set by the vector control, to
be automaticaily aajusted even if the secondary resistance
varies with temperature changes in the induction motor 19 to
be controlled. Hence, even in a vector controller with or
without velocity commands or in an application wherein

velocity commands are not step-changed during operation, the
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secondary resistance can be corrected by a simple method
using internal control signals, obviating the need for any
special signals for adjusting the secondary resistance.

This allows a good vector control state to be maintained

-regardless of the temperature of the induction motor. Thus,

by compensating a secondary resistance according to
temperature changes, it is possible to make a motor outpuyt
torque agree with a command value and to maintain quick

torque responsiveness.

Second Embodiment

Fig. 4 is a partial block diagram showing a
configuration of a vector controller for an induction motof
according to a second embodiment of the present inveﬁtion.
Fig. 4 shows only a structural part thét is differenf from
the configq;gtion shown in Fig. 1, the same structural part
being §ﬁ£€£éd iﬂ the drawing. 1In the vector controller
shown in Fig. 1, the secondary resisﬁance correction value
AR2 computed_by the secondary resistance correction value
computing-uni£ 10 is supplied to the vector control command
computing unit 1. .The vector controller in this embodimeht
shown in Fig. 4 is provided with a limiter that limits the
magnitude of the secondary resistance correction value AR2
so as to supply a second secondary resistance correction

value AR2A that has been restricted by the limiter to the

Tmeier e L e el e e s e b e momemvmiem e < s e s v e o e em mmt e s % ey bmesem Semasian s m emam e am
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vector control command computing &nit 1.

Referring to Fig. 4, a first limiter 21 limits the
secondary resistance correction value AR2 ang outputs the
second secondary resistance correctionlvalue AR2A. More
specifically, the vector controller shown in Fig. 4 has
added the first limiter 21 located betweeg the secondary
resistance correction value computing unit 10 and the vecgpr 
control command computing unit 1 of the vector controller
shown in Fig. 1.

An'operation of the second embodiment will now be
described. The first limiter 21 - receives the secondary
resistance correction value AR2. A maximum value AR2max and
a minimum value AR2minlof the secondary resistance.
correction value used by the vector control command
computing unit 1 are preset-at.the first limiter 21.

If the secondgry~resistance correction value AR2
supplie@ﬁi;ﬁiaré;i'than the maximum value AR2max, then the
AR2max of the secondary resistance correction value is

‘output as the second- secondary resistance correction value

AR2A.

If the secéndarf resistance correction wvalue AR2
supplied is smaller than the minimum value AR2min, then the
AR2min of the secondary resistance correction value is

output as the second secondary resistance correction value

ARzA L]



it e e ma et eean s mve o b amieee s e e s - P QR S

- 31 -

It is obvious that, if the éécbndary resistance
correction value AR2 supplied is smaller than the maximum
value AR2max and larger than the minimum value AR2min of the
secondary resistance correction value, then the secondary
resistance correction value AR2 supplied is output as it is
as the second secondary resistance correction value AR2A.

The vectér control'command computing unit 1 emploYs the
second secondary resistance correction value AR2A in place
of the seéondary reSistance correction value AR2 to perform

computation according to expression (11) so as to obtain the

_ slip angular frequency command value ws*. The rest of the

operation is identical to that of the first embodiment
described above, and therefore it will not be repeated.
Thus, in the vector controller of this embodimen£
illustrated in Fié; 4, a value of the second secondary
resistanqe correction value AR2A supplied to the vector
contro§§éghﬁ§né:Eomputing unit 1 is limited by the limiter
21 to a range from AR2min to ARZmax..'This makes it possible
to prevent the_secondary resistance correction value AR2
from taking a-va1Qé that is impossible in an operating range

due to, for example, a computation error, and to prevent a

resultant malfunction.

Third Embodiment

Fig. 5 is a partial block diagram showing a
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configuration of a vector c@ntrdiler for an induction motor
according to a'third embodimént of the presenﬁ invention.
In the vector controller shown in Figs. 1 ands4 discussed
above, the secondary resistance correction value AR2 is
calculated by the secondary resistance correction vaiue
computing unit 10, while the Qector controller of.the
embodiment shown in Fig. 5 sets thé secondary resiétanceﬁ
correction value AR2 according to the magnitudeﬂof the
voltage command value ElR..

Referring to Fig. 5, a first command switching unit 22

receives the voltage -command value E1lR, a secondary

‘resistance correction start voltage EIRS, and a secondary

resistance correction end voltage E1RE, and outputs a
switching signal csl. A first selector switéh_23 seiects
the secondary resistance correction value AR2 sr zero
according to, the switching signal c¢sl from the first command
switcﬁiﬁgﬁuﬁit?izﬁ In this case, the secondary resistance
correction start voltage EI1RS and th; secondary resistance
correction epq voitage E1RE may be preset to appropriate
predetermined'Valués, or set by a user or the like to
predetermined.valués as necessary. The configuration of £he
vector controller shown in Fig. 5.can be applied to the
vector controller shown in Fig. 1 or Fig. 4 described above.
An operation of the vector contréller shown in Fig. 5

will now be described. The first command switching unit 22
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comparee the voltage E1R calculatec by the secondary
resistance correction value computing unit 10 with the
secondary resistance correction start voltage'ElRS'and the
secondary resistance correction end voltage EIRE, and
outputs the switching signal c¢csl at a low level'(L) or a

"high level (H) according to a logic shown below.

E1RSsE1RsE1RE : csl=H B o s |

Others : csl=t

The first selector switch 23 receives the switching %
signal csl from the.first command switching unit 22, and
sets a second secondary resistance correction value AR2B .to
zero when the switching signal csl is at the low level (L)
or sets the secondary resistance ¢torrection value AR2
calculated by the secondary resistance correction value %
computlngrunlt 16 as the second secondary reszstance
correction value_ARZB when the switching signal csl is at
the high level (H).'“Thé secondary resistance correction
value AR2B is- output to the vector control command computing
unit 1 (Fig. 1) when this embodiment is applied to the f
configuration shown in Fig. 1, or to the limiter 21 (Fig. 4)
when.the embodiment is applied to the configuration shown in
Fig. 4. The rest of the operation is identical to that of

the vector controller shown in Fig. 1, and the descrlptlon
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thereof will be omitted.

Thus, in the vector controller of the embodiment shown
in Fig. 5, the .second secondary reéistance correction value
AR2B supplied to the vector control command computing unit 1
can be set to either the seCondary‘resistanée correction
value AR2 computed by the secondary resistance correction
value éomputing unit 16 or zero according to the magnitudelé
of the voltage command E1R. This arrangement mékeghit 2 .
possible to set an operation range in which the secondary
resistance should be corrected or.not. For example, the
computation for the secondary resistance correction can be
avoided in an area wherein a wvalue of the voltage cqmmand‘
EIR is small and the secondary resistance correction value
Agz is apt to incur a large error due to a primary
resistance setting error or the like (i.e;, if the voltage
command ElRa§$n§m§11ef'than the value of E1RS).
Fourth Embodiment

Fig. 6_s@qws;a’d6ﬁfiguration of a vector controller for
an induction'ﬁptﬁ#‘acéprding to a fourth embodiment of the
present-invehtioh. In the vector controller shown in Figs.
1, 4, and 5 described above, the secondary resistance.
correction value AR2 is computed by the secondary resistance
correction value computing unit 10, and the slip angular

frequency command value ws* is computed using expression

= - e rimtima e Temo o o mmemvm enziome—smmom
PESN — - e AN A L ST WF T ST e R NIRRT AT i ST =
-

~



- 35 -

(11) by the vector control command computing unit.1l. The

-yvector controller of this embodiment shown in Fig. 6 is

provided with a slip angular frequency correction value
computing unit 30 in place of the secondary resistance
correction value computihg unit 10. A slip angular
frequency correction value Aws is qalcﬁlaﬁed by the slip
angular frequency correction value computing unit 30, and # “
the slip angular frequency correction value Aws is ;dded to
the slip angular frequency command value wsf.'

Referring to Fig. 6, the slip angular fregquency
correction value computing unit 30 calculates the slip
angular frequency correction value Aws based on the F;F.
voltage command values E1QFF and EIDFF, and the voltagg
command values EIQR and E1DR. A sixth adder 24 adds the
slip angular frequency correction value Aws and the slip
angular freqyspgnggmméhd value ws* calculated by the vector
control'éﬁggéhd ééﬁpﬁéing unit 1 to obtain a second slip
angular frequency command value ws2*, "The rest of the |
configuration ig,;dentfcal to the configuration of the
vector controller ;héwﬁ in Fig. 1.

Fig. 7¥shoﬁs.the configuration of the slip angular
frequency correction value computing unit 30. As shown in
Fig. 7, the slip angular frequency correction value

computing unit 30 has the same configuration as that of a

first stage section up to the control unit 110 of the

e mmwmme s miw mam - -
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&

secondary resistance correction Qaiﬁe computing unit 10
shown in Fig. 3, and outputs a correction value dsr
calculated by the secondary resistarnce correction value
computing unit 10 as the slip angular frequéncy correction
value Aws without adding any changes.

An operation of the vector controller shown in Fig. 6

will now be described, focusing mainly on a part different ¢

from the vector controller shown in Fig. 1. Thé‘siip o

angular frequency correction value cbmputing unit 30

computes EIR and E1F according to the same processing as

that used by the secondary resistance correction value
computing unit 10 shown in Fig. 3 to obtain a correction
value that causes a deviation AEl to become zero. The slip
angular frequency correction value computing unit 30 outputs
the correction value as the slip-angular frequency
correction value Aws.

Tﬁgg§§;££:EAdé£ 24 adds ﬁhe slip angular frequency
correction vélue Aws and_the 51ip angular frequency command
value ws* cqmputgg‘byithe vector control command computing
unit 1 to obta;n ;ﬁe second slip angular frequency command 
value ws2*, -The'vector controller shown in Fig. 6 vector-
controls an induction motor 19 according to the second slip
angular frequency.command value ws2*.

Furthermore, the vector control command.computing unit

1 calculates the slip angular frequency command value ws*

-
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-according to expression (11) mentioned above, AR2 being zero.

Thus, the vector controller of this embodiment shown in
Fig. 6 calculates a change in the secondary';gsistance R2 as
a slip angular frequency correction value to correct a slip
angular frequency command value. 'Hence, performance as good
as that of the vector controller shown in Fig. 1 can be

achie?ed-by a further simpler method without the need for ¢

directly computing the secondary resistance correction value. -

Fifth Embodiment

Fig. 8 shows a configuration of a vector controller for
an .induction motor according to a fifth embodiment qf the
present invention. The vector controller shown in Fig. 6
supplies the sli§ angular fréqugncy correction value Aws
computed by the slip angular frequency correction value
computlng unlt 30 to ‘the sixth adder 24. | The vector
controiié?“shown in Flg. 8 is prov1ded w1th a limiter for
restricting the magnltude of the slip angular fregquency
correction va;pequs;‘and a second slip angular frequency
correction vaipe;A&sé.limited by the limiter is output to
the sixth ad&er:24.

Referring to Fig. 8, a limiter 25 restricts the slip
anqular . frequency correction value Aws, and-outputs the

. second slip angular frequency:correction value Aws2. The

configuration of the vector controller shown in Fig. 8 has
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added the limiter 25 installed beéween the slip angular
frequency correction value computing unit 30 and the sixth
adder 24 of the vector controller shown in Fig. 6.

An operation of the fifth embodiment will how be
described. The limiter 25 receives the slip angﬁlar
f;equency_cor:ection value Aws. A maximum value Awsmax and
a minimum value Awsmin are set at the limiter 25. R

If the slip angular frequency correction valdé}Aws
supplied is larger than the maximum value Awsmax, then the
maximum Qalue Awsmax of the slip angular frequency
correction value is output as the second slip angular
frequency correction value Aws2.

If the slip angular frequency correction value Aw;_
supplied is Sméller.than the minimum value Awsmin, then the
minimum value Awsmin of the slip- dangular frequency
correction vq%gg i; bﬁtpﬁt as the second slip angular
frequenéfﬁgg;;écéééh‘Value Aws2. |

‘It is obvious that, if the slip aﬁgular frequency
correction value Aws-‘supplied is smaller thén the maximum
value Awsmax-of'ﬁhe éiip angular frequency correction value
and larger-than the ﬁinimum value Awsmin of the slip angular
frequency correction value, then the slip angular frequency
correction value Aws supplied is output as it is as the
second slip angular frequency correction value Aws2. -

The sixth adder 24 adds the second slip angular

. i e e o g ¢ Pt LT TS ST TS
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frequency correction value Aws2 in place of the slip angular
frequency correction value Aws, and a slip angular frequency
command value ws* calculated by the vector coptrél command
computing unit 1 so as to obtain a second slip angular
frequency command value ws2*,
Thus, in the vector controller of this embodiment
illustrated in Fig. 8; a value of the slip angular frequen€§
correction value Aws is limited by the limiter 25:} This
makes it possible to prevent the slip angular frequency
correction value Aws from taking a value that is impossible

in an operating range due to, for example, a computation.

error.

Sixth Embodiment

Fig. 9 is a partial block-diagram showing a
conflguratlon.of a vector controller for an induction motor
accordlgérfo.a Sthh embodlment of the present lnventlon.

In the wvector controller shown in Flgs. 6 and 8 discussed
above, the sligsgngdlér frequency.correction value Aws or
Aws2 supplied éo;the.eixth adder 24 or the limiter 25 does
not depend upon;ayterque command valﬁe T*. In the vector
controller of this embodiment illustrated in Fig. 9, a third
slip angular frequency correction value Aws3* corrected by

the torque command value.is obtained, and the obtained value

is supplied to the sixth adder 24 shown in Flg. 6 or the

T
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limiter 25 shown in Fig. 8.

Referring to Fig. 9, a fifth multiplier 26 multiplies
the slip angular frequency correction value Aws by a
correction coefficient KT, and outputs the third slip
angular frequency correction value Aws3*., A second divider
27 divides the torque command value T* by a torgue command
reference value Ts*, and outputs the correcﬁion coefficienté
KT. The torque command reference value Ts* may bémpreset to
alpredetermined value or entered by a user or the like. The
rest of the configuration of the vector controller shown in
Fig.. 9 is identical to the configuration of the vector
.controller shown in Figs. 6 and 8. The functions of £he
vector contrdller shoﬁn in Fig. 9 can be'applied to the.
vector controller shown in Figs. 6 and 8.

An operation of the vector controller according to the
siﬁéh.embpd%ggqt §§owﬁ'in Fig. 9 will now be described. A
ratio oﬁﬁgﬁé-éofﬁae command value T+ to the torque command
reference value Ts* is computed by thé second divider 27,
and the computat;on'fésult is supplied as the correction
coefficient KT to_the:fifth multiplier 26. The fifth
multiplier 26 mﬁltiélies the slip aﬁgular frequenéy
correction value Aws by the correction coefficient KT, and
supplies the multiplication result as the third slip angular

frequency correction value Aws3* to the sixth adder. 24 or

the limiter 25.

—— Ppp—
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The sixth adder 24 adds the éﬁird slip angular
frequency correction value Aws3* in place of the slip
angular frequenéy correction value Aws, and a slip angular
frequency command value frequency ws* to obtain a second
slip angular frequency command value freéuency ws2*. The
limiter 25 receives the third élip angular frequency
correctionlvalue Aws3* in ﬁlace of the slip angular &
frequency command correction value Aws.. The rest‘ofulhe
operation is identical to the operations of the fourth and
fifth embodiments déscribed above.

Thus, the vector controller of this embodiment shoﬁh in
Fig. 9 computes the third slip angular frequency.correcﬁion
value Aws3*, taking the torqué command valﬁe T* into account.
This arrangement makes it possible, for example, to prevent
a delay in settling a slip angular® frequency correction
value causedf?g_a;rg?poﬁéé delay in the controller 110 shown
in Fig.f]?&ﬁgg-ﬁgé ébr&ﬁe command valug T* changes during

operation.

Seventh Embodiment
Fig. 10 is'a partial block diagram showing a

configuration of a vector controller according to a seventh

.embodiment of the present invention. <The vector controller =~

of Fig. 9 discussed above computes the correction

coefficient KT by using the torque command value T*, while

.
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the vector controller of Fig. 10 employs a g-axis current

command value IQR instead of the torque command value T* and

establishes a g-axis current reference value‘IQRs instead of
the torque command reference value Ts* to compute a

correction coefficient KI.

Referring to Fig. 10, a sixth multiplier 28 multiplies

-
0

the slip angular frequency correction value Aws by a &

correction coefficient KI, and outputs a fourth slip angular. -

frequency correction value Aws4*. A third divider 29
divides the g-axis current command value IQR by the g-axis
current reference value IQRS, and outputs the correction
coefficient KI. $he g-axis current reference valuélIQRS may
be preset to a predetermined value or entered by a user or
the like as necessary. The rest 6f the configufation.of the
vector controller shown in Fig. lo'is identical to the
conflguratlon of the vector controller shown in Figs. 6 and

8. Theniﬁnctlons of the vector controller shown in Fig. 10

can be applied to the vector controller shown in Flgs. 6 and

8. | PR

An operation df:the vector controller according'to the
seventh embodiment.shown in Fig. 10 will now be described.
A ratio of the g-axis current command value IQR to the g-
axis current reference value IQRS is computed by the third
divider 29, and the computation result is supplied as the |

correction coefficient KI to the sixth multiplier 28. The
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sixth multiplier 28 multiplies th; slip angqular frequency
correction value Aws by the correction coefficient KI, and
supplies the multiplication result as the fou;th slip
angular frequency correction value Aws4*'to the sixth adder
24 or the limiter 25.

The sixth addgr 24 adds the.fourth slip angular
frequency correction value Aws4* in place of the slip PR
angular frequency correction vaiue Aws, and a slip éggular
frequency command value frequency ws* to obtain a second
slip angular frequency command value frequency ws2*. The
limiter 25 receives the fogrth slip aﬁgular frequency
correction value Aws4* in place of the slip angular’
frequency command correction value Aws. The rest of the .
operation is identical to the operations of the fourth and
fifth embodiments described abo?e.‘

o

Thus,_thenvegtg?-céntroller of this embodiment shown in
Fig. 10 ?b;;ﬁ¥és?£hé féﬁrth slip angulgr frequency
correction value Aws4é*, taking the q—a¥i§ current comméhd
value IQR into aqqgunth This arrangement makes it possible,
for example, to pré?énﬁla delay in settling a slip angular:
frequency-correétion.value caused by a response delay in the

controller 110 shown in Fig. 7 when the g-axis current

command value IQR changes during operation.

Eighth Embodiment
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Fig. 11 is a partial block dlagram ehowing a
configuration of a vector controller for an induction motor
according to an eighth embodiment of the present invention.
In the vector controller of Fig. 6 and Figs. 8 through 10
discussed abowve, the slip angular frequencf.correction value
computing unit 30 calculates the slip angular frequency
_correction value Aws.e In the vector controller shown Figs. 4
11, the slip angular frequency command correction‘value Aws
is set according to the magnitude of a voltace command value
E1R.

Referring to Fig. 11, a second selector switch 41
selects'the slip angular frequency correction value Aws or
zero according to a switching signal csl from a second
command switching unit 22A. The configuration and operation
of the second command switching unit 222 are the same as
those of the first command switching unit 22 of Fig. 5. The
conflguratlon-of.the vector controller shown in Fig. 11 can

be applied to the vector controller shown in Fig. 6 and Figs.
8 through 10. - - L

An operat;on of the vector controller shown in Flg. 11
will now be descrlbed. The second selector switch 41
receives the switching signal csl from the second command
switching unit 22A, and sets a fifrh slip anqular -frequency

correction value Aws5* to zero when the switching signal csl

is at a low level (L) or sets the slip angular frequency
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correction value Aws calculated by the slip angular

frequency correction value computing unit 30 as the fifth

slip angular frequency correction value AmsS*_when the
switching signal c¢sl is at a high level (H).

The configuration of ?ig. 11 can be applied to any one
of the configurations shown in Fig. 6 and Figs. 8 through 10.

]
&*

Depending on the configuration, the fifth slip angular &

frequency correction value Aws5* is output to the 'sixth

adder 24 shown in Fig. 6, the limiter 25 shown in Fig. 8,
the fifth multiplier 26 shown in Fig. 9, or the sixth
multiplier 28 shown in Fig. 10. -The rest of the operation
of the.uector controller shown in Fig. 11 is identical to
that of the wvector controller shown in Fig. 6 and Figst 8
through 10, and the description thereof will be omitted.
Thus, in the.vector controller of Fig. 11, the f£ifth
slip angular frequency correction value Aws5* can be set to
either tﬁ3w§llp angular frequency correctlon value Aws
computed by the slip angular frequency correctlon value

computing unit 30 or Z€éro according to the voltage command

E1R. This arrangement makes it possible to set an operation .

range in which the ‘slip angular frequency should be
corrected or not. For example, the computation for the
secondary resistance correction can be avoided in an area
wherein a value of the voltage command E1R is small and the

slip angular frequency correction value Aws is apt to incur

PN SRS IS
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a large error due to a primary resistance setting error or

the like.
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1. A vector controller for an inductiop.motbr,
comprising:

vector control_command computing meéns for computing a
d—axié-current.command value IDR, a g-axis current command
value IQR'and a slip angular frequency command value mé*é ‘
based on a torque command value T*, a secondary"maéﬁetic
flux command value ®2* and an induction motor constant of an
induction motor to be controlled;

revolution angular frequencyjcomputinq means for
computing a revolution angular'frequency owr of the inqﬁction
motor;

inverter angular frequency computing means for
computing an inverter angular .frequency winv by adding the
slip angqlagﬁf;qgu§n¢ylcémmand value ws* and the revolution
angulaﬁ:f;2§£;5;§'6£;7

dg-axis feed-forward voltage coméuiing means for
computing a dquiﬁgfeé&Lforward voltage command value E1DFF
and a g-axis feed%?brﬁérd voltage command value E1QFF by
using the.d-axis .current command value IDR, the g-axis
current command value IQR, the induction motor constant and

the inverter angular frequency winv;

feed-forward voltage vector computing means for

=: =< - N L DL TN LTI T
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computing'a square root value of‘a square sum of the d-axis
feed-forward voltage command value E1DFF and the g-axis
feed-forward voltage command value E1QFF;

feedback current computing means for computing a d-axis
feedback current IDF and a g-axis feedback current IQF from
a three-phase current value of the inductioﬁ motor;

compensation voltage computing means for computing a:d-ﬁ
axis compensation voltage E1DFB from a diffeienée E;tween
the d-axis current command value IDR and the d-axis feedback
current IDF, and for cohputing a g-axis compensation voltage
E1QFB from a difference between the q-akis éurrent command
value IQR and the g-axis feedback current IQF;

dg-axis voltage command value computing means fo:
computing a d-axis voltage command value E1DR by adding the

d-axis compensation voltage E1DFB and the d-axis feed-

4 60
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axis véiﬁagé céﬁh&ﬁdléalue E1QR by adding the g-axis
compensation voltage E1QFB and the g-axis feed-forward
voltage command value -E1QFF;

voltage vecté?'cbﬁputing means for determining a
voltage commana valﬁe EI1R by computing a square root value
of a square sum of each of the d-axis voltage command value
-E1DR and the g-axis voltage command value EIQR; and.

secondary resistance correction value computing means

for adjusting a correction value AR2 of a secondary

e e e tmmme s o tasimmans - e - re e e e e mes e v
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resistance so that a difference Sétween the feedéforward
voltage command value E1F and the voltage command value E1R
becomes zero;

wherein the vector control command computing.means
employs an induction motor constant that has been corrected
Ey the correction value ARZ of the secondary resistance to
compute the slip angular.fréquency command value ws* to ;°

thereby conduct vector control of the induction motor.

2. A vector controller fdr én induction motor as
claimed in claim 1, further comprising a limiter that is
provided between the secon@ary resistance correction value
computing means and the vector control command computing
means, and restricts a value of the'coriection value AR2 of

the secondary resistance to a predetermined range.

. L
L EF

3.'j£§§€ééﬁ;§756ntroller for an induction motor as
claimed in claim 1, further comprising a first switching
means that is p:gvidé&.between the secondary resistance
correction.valgei?qmpﬁting means and the vector control
command computiﬁg meéns, and determines whether a value of

the correction value AR2 of the secondary resistance should

- be supplied to the vector control command computing means

based on a value of the voltage command value E1R.
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4. A vector controller for an induétion motor
comprising:

vector control command computing means £9r computing a
d-axis current command value IDR, a g-axis current command
value IQR, and a slip angular frequency command value ws¥*
based on a torque command vaiue T*, a sedondary-magnétic
flux command value ®2*, and an induction motor constant of #
an induction motor to be controlled; e

revolution angular frequency computing means for
computing a revolution angular frequency wr of the induction
motor; |

inverter angular frequency computing means fqr
computing an inverter angular frequency winv by adding the
slip angular frequency command value ws* and the revoiution
angular frequency or;

dg-axis feed-forward voltage computing means for

Wi R

computimg 4 d-axi§ feed-forward voltage command value E1DFF

and a g-axis feed-forward voltage command value E1QFF by.
using the d-axi;_qurrent-command value_IDR, the g-axis
current commaﬁd-ﬁélué"IQR, the induction motor constant, and
the inverter-anéﬁiar'ffequency winv;

feed-forward voltage vector computing means for
computing a feed-forward voltage command value E1F by

computing a square root value of a square sum of the d-axis

feed-forward voltage command value EI1DFF and the g-axis

N o e e e e s e mmmeam—
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feed-forward voltage éommand Valﬁe‘ElQFF;
feedback current computing means for computing a d-axis
feedback current IDF and a g-axis feedback cu?rent IQF from
a three-phase current value of the induction motor;
compensation voltage computing means for computing a d-
axis coﬁpensation voltage EIDFB from a difference between

the d-axis current command value IDR and the d-axis feedgaék

current IDF, and for computing a g-axis cbmpensatibn voltage__&w

E1QFB from a difference between the g-axis current com@and
value IQR and the g-axis feedback current IQF;

dg-axis voltage command value computing means for
_computing a d-axis voltage command.value EIDR by adding the
d-axis compensation voltage E1DFB and the d-axis feed-r
forward voltage command value E1DFF, and for computiAé a g-
axis voltage command value EIQR-by adding the g-axis
compensatipp.ypltageﬁEiQFB and the g-axis feed-forward
voltaggjéﬁg;;ﬂéfégiﬁé E1QFF;

voltage vector computing means fSr“determining a'
voltage commaﬁd'yaluénElR by computing a square root value
of a square-gﬁﬁ-bf_ééch of the d-axis voltage command value
E1DR and the.qgégis'vﬁltage command value EI1QR; and

slip angular frequency correction value computing means
for adjusting a correction value Aws of a slip angular

frequency so that a difference between the feed-forward

voltage command value EIF and the voltage command value E1IR
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becomes zero;

wherein the inverter angular frequency computing means
employs a slip angular frequency that has been,corrected by
the correction value Aws of the slip angqular frequency to
compute the inverter angular frequency winv to thereby

conduct vector control of the induction motor.

5. A vector controller for an induction motor as
claimed in claim 4, further comprising a limiter that is

provided between the slip angular frequency correction value

computing means and the inverter.angular frequency computing

means, and restricts_a value of the correction value Aws of

the slip angular frequency to a predetermined range.

6. A vector controller for an induction motor as

clalmed in clalm 4, ‘further comprising first correcting

. 'I' .

means that is provmded between the sllp angular frequency
correction value computing means and ‘the inverter angular
frequency computlng:means, and corrects a value of the

correction value Aws of the slip angular frequency accordlng

to the torgue command value T*.

7. A vector controller for an induction motor as
claimed in claim 4, further comprising second correcting

means that is provided between the slip angular frequency
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‘correction value computing means and the inverter angular
frequency computing means, and corrects a value of the
correction value Aws of the slip angular freguency according

to the g-axis current command value IQR.

8. A_vector controller for an indﬁction motor as
claimed in claim 4, further comprising second switching &
means that is provided between the slip angular fféquency
correction value computihg means and the inverter angular
frequency ¢omputing means, and determines'whether a vaiue of
the correction value Aws of the slip angular frequency

should be supplied to the inverter angular frequency

computing means based on a value of the voltage command

value E;R._
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