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circuit constants of the induction motor, and a flux command value selected based on the measurements of the induction motor
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o
S A '"".
.l.!.\‘\-c.c..--.
- h.l‘s_ .\I {\A '
\

C ana da http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CTIPO
OPIC - CIPO 191 SRR




WO 2006/033181 AN A 0 AR OO A A

CA 02572969 2007-01-04

(12) FEF R AFENICEOSDVWT LA SN -ERHEE

(19) t# S H B Fr A 1E 1 RS
EfREHFR

(43) EfF 2 BHH
2006 £3 A 30 B (30.03.2006)

(51) ER4SHDE: HO2P 21/00
21) EFHBEES: PCT/IP2005/006507
22) EIffHFER: 2005 &£4 A1 B (01.04.2005)
(25) ERHFED S E: HARGE
26) ER D EEE: HZAREE
(30) ExLIET— 43

$¥EE2004-277709 2004 &9 A24 B (24.09.2004)  JP

HEAN (KEZBR<<CE2TOEEERICODINT): =
= B4 (MITSUBISHI DENKI KABUSHIKI
KAISHA) [JP/JP]; T1008310 ER#EFABEBRAD R
—TH 2% 3% Tokyo (JP).

(72) HEBAE; LV

(75) FEBAB/HEEA CEEIZDOLNTOHA): SE R4 (KONO,
Masaki) [JP/JP]: T 1008310 ER#BAFRAEARILDORN=
TH2#%3 5 =% EA Tokyo (JP).

(74) (KB A: FH BB, 5 (SOGA, Michiteru et al) T

1000005 ERR#ATFRKEARAOAR=TH 1 & 15 EHRE
EILT 1 29 8 FHIFHEFFT Tokyo (JP).

(71)

81) EEE (RTDIZTWLEY .,

84) EEE (RFDELRY,

SRRk

(54) Title: VECTOR CONTROLLER OF INDUCTION MOTOR

(54) ZREADZFF: FEBHRDOAY FILHIEE

~S Fj /\/ /J /
1 i"‘",-/-\: ___________
2 / VVVF i ”’A‘M
Efc | AR
! ° AT . AA
10 E‘ v\ \/}l) :
e N e I ‘‘‘‘‘‘‘‘‘‘ lu [Iv |lw E
E 202 /7",—5 13 :,
A - 1 10 25 /\/ E
/\/‘ : 16 F Y \ S S 4 E
(1) | =i ' \[\ VdrT VQrT Bz 32 —
Vd : | o i 82
P> fik B ' idr ey
YA st o » > ; $1q
Wri—» Fer, | BE |la MEERS | .
Flop HFH e [ N .
—I ] . g 19
e ' I o mne
n—SE A
BliE¥ERE ) e
-+ Vo

15

3 VVWF INVERTER

11 FLUX COMMAND VALUE OPERATING SECTION

14 CURRENT COMMAND VALUE OPERATING SECTION

15 SLIP ANGLE FREQUENCY OPERATING SECTION

16 VOLTAGE VECTQOR CONTROL QPERATING SECTION

17 ROTOR ROTATIONAL ANGLE FREQUENCY OPERATING SECTION
19 INTEGRATOR

20 GATE CONTROL SECTION

13 COORDINATE CONVERTER

FIERE MRS SIS b HIIBEED SN ZE S LT,

: s
.. a
5 =

18 17

i
-
[P |
Pl
f
a
-

(10) EIffABIES
WO 2006/033181 Al

ETHOHEOERNRE
MAE[EE): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK,
DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR,
HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, L.C, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NA, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

ETOEBFOLIERE
HA[FE): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, SZ, TZ, UG, ZM, ZW), 11— 5 L7 (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), 3 — 8 «w /\ (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU,
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

EII@:ﬂE#E
[EA]
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tor arranged to attain stabilized rotation within a short
control time by increasing the SN ratio of output volt-
age even when the rotational speed is low thereby sup-
pressing the error of a primary angular frequency oper-
ation value. The vector controller of an induction motor
calculates a flux command operation value based on a
torque command value, circuit constants of the induction
motor, and a flux command value selected based on the
measurements of the induction motor such that a voltage
being applied to the induction motor becomes not lower
than a set level.
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DESCRIPTION

VECTOR CONTROLLER OF INDUCTION MOTOR

Technical Field

[0001] The present invention relates to a velocity sensorless

vector control apparatus for an induction motor, which is capable
of remarkably reducing an unstable area at the time of low-speed
operationevenif rotationvelocitydetectingmeans suchasavelocity

sensor 1s not particularly used.

Background Art

[0002] Vector control i1s performed by dividing a current of
an AC electric motor into a magnetic field (i.e., magnetic flux)
direction and a torque direction that is orthogonal to the magnetic
field, thereby making it possible to control a magnetic flux current
and a torque current, independently, and also to control a developed
torque 1nstantaneously as with a DC electric motor.

[0003] The vector control requires a velocity sensor in order

to measure the magnetic flux. However, an electronic circuit is
normally incorporated into the velocity sensor, and an operating
temperature range of the electronic circuit is narrower than the
operating temperature range of the AC electric motor to which the

velocity sensor is attached.

Also, 1n the case where the electric motor uses both ends of
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a shaft, orinthecasewherethe installation locationof theelectric
motor 1s limited, the velocity sensor cannot be fittedto theelectric
motor. Also, evenifthevelocitysensorcanbefittedtotheelectric
motor, 1t 1s preferable to prevent the attachment of the velocity

P

sensor 1n order to ensure the reliability of the facility since

a coupling portion of the velocity sensor with the electric motor
1s vulnerable to shocks and a low level signal wiring is reqgquired.
(0004 ] Under the above circumstances, there has been proposed

a vector control apparatus that conducts a veloclity estimate on

the basis of information other than velocity without using the
velocity sensor.
However, at the time of low-speed operation, because the output

voltage value 1s very small, an error occurs in the output angular

frequency, and there exists an area where the rotation velocity

1s unstable.

[0005] Inorder tocopewith the above problem, the conventional
vector control apparatus for an induction motor 1ncludes a magnetic

flux generator circult having a table that sets a magnetic flux

command value while referring to a magnetic flux command curve

according to a primary angular frequency command in order to reduce

theunstable area at the time of the low-speed operation (for example,

refer to Patent Document 1).

In this case, a magnetic flux command curve is generated from

the magnetic flux generator circult to prevent an induced voltage
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torque axis component from becoming a given value or lower even
at the time of the low-speed operation. Then, the SN ratio 1s
increased to suppress the induced voltage torque axis component
and anarithmeticerror inthearithmeticvalue of theprimary angular
frequency to smaller values.

However, in conducting the vector control in the above method,
when the i1nduction motor that 1s controlled through the inverter

device 1s changed, 1t 1s necessary to change the setting value of

the magnetic flux generator circult in each of the induction motors.

[0006] Patent Document 1: JP 08-009697 A

Disclosure of the Invention

Problem to be solved by the Invention

[0007] The conventional vector control apparatus for an

induction motor has such a problem that an adjustment for avoiding

”
p—

the unstable area 1s difficult because it i1s necessary to change

P

the setting value of the magnetic flux generator circuit and the

table data of software which constitutes a control system in each

of the i1nduction motors when an induction motor is changed.

Means for solving the Problem

(0008 ] A vector control apparatus for an induction motor

according to the present invention 1s an apparatus for driving the

induction motor through an inverter device, the apparatus includes:
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magnetic flux command value arithmetic means for selecting and
outputting a magnetic flux command value on the basis of a torque

command value that is calculated by a torque command value arithmetic

section on the basis of an input signal from an external system,

a clrcult constant of the induction motor, and an actual measurement

related to the 1induction motor; and vector control means for

controlling the inverter device on the basis of the magnetic flux
command value that i1s output from the magnetic flux command value
arlthmetic means and the circuit constant of the induction motor.
In the vector control apparatus, the magnetic flux command value

arithmetic means includes a magnetic flux command value back

calculation arithmetic section for calculating a magnetic flux
command arithmetic value so that a voltage that is applied to the
induction motor becomes equal to or higher than a setting wvalue

correspondlng to an unstable area.

=
h

fects of the Invention

10009] According to the vector control apparatus for an

induction motor of the present invention, a magnetic flux command

value 1s calculated back on the basis of a torque command value

that 1s calculated by the torque command value arithmetic section

on the basis of an input signal from the external system, a circuit
constant of the induction motor, and an actual measurement related

to the i1nduction motor, and the SN ratio of the output voltage is
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increased, thereby making 1t possible to remarkably reduce the
unstable area at the time of the low-speed operation even 1f the

rotation velocity detecting means such as the velocity sensor 1s

not particularly used.

Also, the magnetic flux command value 1is automatically

calculated back so that the SN ratio of the output voltage can be

set highat thetime of the low-speedoperationevenwhen the induction
motor 1s changed, thereby making i1t possible to avoid the unstable

area. Thus, the present invention can be appliedwithout conducting

control adjustment.

Brief Description of the Drawings

0010 ] [F1g. 1] Ablock diagram showing a device configuration

including avector control apparatus for an inductionmotor according

toa first embodiment of the present 1nvention (a first embodiment).

[F1g. 2] A block diagram showing magnetic flux command value

arithmetic means 1n the vector control apparatus for an induction

motor shown i1n Fig. 1 (the first embodiment).

"

[F1g. 3] A clrcult diagram showling an equivalent circuit of

the i1nduction motor shown i1n Fig. 1 (the first embodiment).

[F1g. 4] An explanatory diagram showing an unstable area 1n

a velocity sensorless vector control apparatus for an induction

F

motor, which 1s related to the first embodiment of the present

invention (the first embodiment).



CA 02572969 2007-01-04

[F1g. 5] Anexplanatorydiagram showing a relationship between

a velocity and an induction motor voltage in the vector control

apparatus for an induction motor according to the first embodiment

of the present invention (the first embodiment).

[Fig. ©]}] A block diagram showing a device configuration
includingavector control apparatus for an inductionmotor according
toasecondembodiment of thepresent invention (a secondembodiment) .

[Fig. 7] A block diagram showing magnetic flux command value
arithmetic means 1n the vector control apparatus for an induction

motor shown 1n Fig. 6 (the second embodiment).

Best Mode for carrying out the Invention

[0011] The present invention has been made to solve the above

p—

problems, and an object of the present invention is to provide a

vector control apparatus for an induction motor which is capable

of obtaining stable rotation in a short period of time for adjustment

even at the time of low-speed operation by i1ncreasing the SN ratio

of the output voltage according to the magnetic flux command value

—

that 1s calculated on the basis of the circuit constant and the

actual measurement of the 1inductionmotor to suppress the arithmetic

error 1n the primary angular frequency arithmetic value to a smaller

value even 1n the case where the rotation velocity of the induction

motor 1s lower.

First Embodiment
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[0012] Hereinafter, a description will be given of the

respective embodiments of the present i1nvention with reference to

the accompanying drawings. The 1dentilcal or corresponding parts

in the respective drawings are denoted by the same reference symbols,

and will be described.

Fig. 1 1s a block diagram showing a device configuration

including avector control apparatus for an inductionmotor according

to a first embodiment of the present invention.

4

In the first embodiment, a DC electric wvehicle will be

exemplified, but thepresent inventioncanbeappliedtoanACelectric

vehicle, likewise.

[0013] ReferringtoFig. 1l, amaincirculitofanelectricvehicle

includes an overhead wire 1 that supplies a DC power to an electric

vehicle, a pantograph 2 that collects the DC power from the overhead

wire 1, a VVVF 1inverter 3 that converts the DC power that has been

collected from the overhead wire 1 1nto an AC power of an arbitrary

frequency, a DC reactor 4 and a filter capacitor 5 that are connected

to a DC side of the VVVF 1nverter 3, wheels © that are connected

to the minus side of the filter capacitor 5, rails 7 that ground

one end of the capacitor 5 through the wheels 6, and an induction

motor 8 that is connected to the AC side of the VVVF inverter 3.

In this example, the filter capacitor 5 1s equipped with a

voltage detector 9 that detects a capacitor voltage.

(0014} Also, referring to Fig. 1, the vector control apparatus
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1includes vector control means 10 that controls the VVVF inverter

3, and a magnetic flux command value arithmetic means 11 that

calculates the magnetic flux command value.
The vector control means 10 1ncludes a current detector 12

that detects a primary current that flows in the induction motor

8, a coordinate converter 13 that converts the primary current which

18 detected by the current detector 12 into two axes of a rotating

coordinate systemconstituted of amagnetic flux axis (i.e., d-axis)
and a torque axis (i.e., g-axis) to output a d-axis current and
a g—axls current, a current command value arithmetic section 14

that calculates a magnetic flux axis current command and a torque

axls current command on the basis of the magnetic flux command value

and the torque command value, a slip angular frequency arithmetic

section 15 that calculates a slip angular frequency on the basis

of themagnetic flux axis current command and the torque axis current
command which are outputs of the current command value arithmetic
section 14, a voltage vector control arithmetic section 16 that

calculates a d-axils voltage command and a g-axis voltage command

on the basis of the magnetic flux axis current command and the torque

axls current command which are the outputs of the current command

value arithmetic section 14 as well as an output angular frequency,
a rotor rotation angular frequency arithmetic section 17 that

calculates the rotor rotation angular frequency estimate value on

the basis of the output angle frequency, the magnetic flux command
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value, the d-axis current, the g-axis current, the d-axis voltage
command, and the g-axilis voltage command, an adder 18 that adds the
slip angular frequency to the rotor rotation angular freguency
estimate value to calculate the output angular frequency, an
integrator 19 that 1integrates the output angular frequency to

calculate a phase angle, and a gate control section 20 that controls

a gate of the VVVF inverter 3 on the basis of the phase angle, the
d-axis voltage command, and the g-axis voltage command.

[0015] F'1g. 2 1s a block diagram showing the magnetic flux

command value arithmetic means 11 1n the vector control apparatus

for an induction motor shown in Fig. 1.

ReferringtoFig. 2, themagnetic flux command value arithmetic

means 11 includes a magnetic flux command value back calculation

arithmetic section 21 that calculates a magnetic flux command value

on the basis of a torque command value that is calculated by a torque

command arithmetic section (not shown) on the basis of the d-axis

voltage command, the g-axis voltage command, the output angular

frequency, the filter capacitor voltage, and an input signal from

the external system.

Also, the magnetic flux command value arithmetic means 11

includes a comparator 22 that compares a rotor rotation angular

frequency andaswitch 23 that switches over themagnetic flux command

value according to the results of the comparator 22, which are first

magnetic flux command switch means.
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Further, the magnetic flux command value arithmetic means 11

1s given a magnetic flux command reference value F2RM and a rotor
rotation angular frequency set value Wrl12M.

[0016] Fi1g. 31saclrcultdiagramshowinganequivalent circuit

of the induction motor shown in Fig. 1.

ReferringtoFig. 3, amutual inductanceM, aprimary inductance
L1, a secondary inductance L2, a primary resistor R1, and a secondary
resistor R2 which are circuit constants of the induction motor 8

are given the vector control means 10.

It 1s assumed that the pole logarithm of the induction motor

3 1s P.

[0017] Fi1g. 4 is a graph showing an unstable area in a velocity
sensorless vector control apparatus for an induction motor, which
1s related to the first embodiment of the present invention.

Referring to Fig. 4, hatched portions are unstable areas at

the time of low-speed operation.

[0018] Fig. 5 1s a graph showing a relationship between a

velocity and an 1induction motor voltage in the vector control

apparatus for an induction motor according to the first embodiment

F

of the present invention.

[0019] Hereinafter, adescriptionwillbegivenoftheoperation

of the vector control apparatus for an induction motor 8 configured

as described above.

First, the current detector 12 detects primary currents Iu,

10
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Iv, and Iw that flow in the 1nduction motor 8. The detected primary

currents Iu, Iv, and Iw are 1nput to the coordinate converter 13,

converted to two axes of the rotating coordinate system constituted

of the magnetic flux axis (1.e., d-axis) and the torque axis (i.e.,

g-axls) on the basis of the following expression (1), and then output

as the d-axis current Id and the g-axis current Ig.

[0020] [Eg. 1]
ol 4 o) A
—|cos@ cosl@-=z| cos|@+=xm|| (Iu
(Ig) |2 3 . 3
I 2y ([
Y sin & Sin(Q—'—-ﬂ' sin| @ +—7 Aw,
3 . 3 ]
[0021] Also, the current command value arithmetic section 14

lnputs a magnetic flux command value F2R that is an output of the
magnetic flux command value arithmetic section and a torque command

value Tmr that 1s determined according to a notch command obtained

F

from a driver's platform of the electric vehicle, and calculates

a d—-axis current command Idr and a g-axis current Igr from the

followlng expression (2).

[0022] [Eg. 2]
| Idr = ok
) M . (2)
1 L2xTmr
Igr =
" P MxF2R
[0023] The slip angular frequency arithmetic section 15

calculates the slip angular frequency ws to be given through the

followling expression (3) on the basis of the d-axis current command

11
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(gr which are the outputs from

the current command value arithmetic section 14.

10024] [Egq. 3]
R2 1
Ws = — X il (3)
L2 Idr
[0025] The slip angular frequency ws that is calculated by the

slip angular frequency &

rithmetic section 15 and the rotor rotation

angle Wrl that i1s calculated by the rotor rotation angular freguency

arithmetic section 17 are added in the adder 18 into an output angular

3.

In thlis example, a method o:

angular frequency Wrl disclosed 1n,

P

frequency wi {(1.e., inverter angular frequency) of the VVVF inverter

- calculating the rotor rotation

for example, JP 11-004599 A,

can be used as the rotation angle velocity estimate means.

[0026] In the voltage vector control arithmetic section 16,

the d-axis current

the d-axis current

command Idr, the g-axis current command Iqr,

Id and the g-axis current

Iq which are outputs

of the coordinate converter 13, and the output angular frequency

w1l are input to calculzc

g-axlis voltage command Vgr through the

10027} (Egq. 4]

-

4

[ Ki

Vdr = R1x Ildr —wix o x L1x Igr + Kp-i--——-—-—-]x([dr—ld)

. g
( Ki

thr=R1x[qr+a)ixL1xIdr+ Kp +— |x(Igr — Ig)

\ g )

12

te the d-axis voltage command Vdr and the

following expression (4).
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where o0 1s a leak inductance (=1 - (MxM/(L1xL2))), Kpis a current

control proportion gain, Ki 1s a current control integer gain, and

g 1s a Laplace operator.

[0028] Also, the output angular freqgquency wi 1s input to the
integer 19, and the integration value 1s output to the gate control
section 20. An output of the integrator 19 is a phase angle 6
between the a-axis of the rest coordinate system and the d-axis
of the rotating coordinate system.

The gatecontrol section20producesagatesignal that controls
the VVVF 1inverter 3 on the basis of the d-axis voltage command Vdr

and the g-axis voltage command Vgr that are outputs from the voltage

command arithmetic section and the phase angle 6 that is an output

from the i1ntegrator 109.

(0029] The magnetic flux command value back calculation
arithmetic section 21 that 1is disposed in the magnetic flux command
value arithmeticmeans 11 calculates the magnetic flux command value

F

F2RB to be given on the basis of the filter capacitor voltage Efc

that 1sdetectedby the voltagedetector 9, thed-axisvoltage command

Vdr and the g-axls voltage command Vgr that are outputs of the voltage

vector control arithmetic section 16, and the output angular

frequency oi.
First, 1n a stationary state, the above expression (4) is

represented by the following expression (5) because the d-axis

current Id and the g-axis current Igcoincide with the d-axis current

13
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command Idr and the g—-axilis current command Igr.

[0030] [Eg. 5]

Vdr = R1x Idr — wix o x L1 x Igr 5
4
Vqr = R1x Iqr + wix L1 x Idr

[0031] Also, the expression (3) 1s transformed into the

following expression (6) by the expression (2).

[0032] [Eg. 6]
R2 M
s = — X xIgr ... (6)
L2 F2R
[0033] The secondary magnetic flux command value F2R and the

torque command value Tmr can be represented by the following

expressions (7) and (8) through the expression (2).

[0034] [Eg. 7]
F2R=MxIdr ... (7)
[0035] [Eg. 8]
Tmr=£xF2Rqur=kxF2Rxlqr (’.'k=—1i-) ... (8)
L2 L2
[0036] The g-axis current command Igr is transformed into the

followlng expression (9) by the expression(4).

[0037] [Eg. 9]
ITmr
Igr = — ... (9)
: kx F2R
10038] In thlis example, when it is assumed that the induction

motor voltage 1s V, a relationshilip of the following expression (10)

14
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1s satisfied by the d-axis voltage command Vdr and the g-axis voltage

command Vqgr.

(0039 [Eq. 10]
V= (Vdr)’ +(Vgr): -V =Wdr) +qr)? ... (10)
[0040] The expression (1l0) 1s substituted for the expressions

(2), (06), (7), and (8), thereby obtaining the following expression

(11) with respect to the secondary magnetic flux command value F2R.

[0041] [Eg. 11]
i - i - [ R12 —I12 Y R12 i T1-0)2 )
(2R1 wi-Tmr )+ (2R1 i Tmr_V);,__4 Rl +(a)z2 L) | R1” +(wi-L1-0) Ty
*\ R1? + (wi - L1)?
2 Yz
(11)
[0042] The circuit constants (i.e., R1, L1, M, L2, and P) of

the inductionmotor 8, the output angular frequency wi, the induction
motor voltage V, and the torque command value Tmr are input by using

the expression (11), therebymaking it possibletounigquely determine

the magnetic flux command value FZR.

Also, a relationship between the induction motor voltage V

and the filter capacitor voltage Efc 1s represented by the following

expression (12).

(0043] (Eq.12]
VzﬁEfcxa .. (12)
T

In the expression (12), "a" is a value called "modulation

15
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factor"” or "voltage utilization factor”.
10044 ] Also, the expression (12) 1is substituted for the
expression (1l1) with the result that the expression (11) is

represented by the following expression (13).

[0045] [Eg. 13]
Py ey (" 12 . 2\ pi2 C T 2 )

(2R1 Wi Tmr—£Efcxa)+ (2R1 wi - Tmr \/gEfcxa)z-—4 R1 +(a)z2 L1)* || Rl Jr(a)z2 L1-0) T

F2R =
\ R1* + (wi - L1)*
2 Ve

(13)

[00406] In this example, the circuit constants (i.e., R1, L1,

M, LZ, and P) of the induction motor 8 represented in the expression

(13), the d-axis voltage command Vdr, the g-axis voltage command

Vgr, the output angular frequency wi, the filter capacitor voltage

Efc, and the torque command value Tmr are input variables.

In the expression (13), a voltage of a certain value or higher
which 1s applied to the induction motor 8 is ensured, and the
modulation factor "a" 1s so determined as to avoid the unstable

area showninFig. 4, therebymaking it possible to reduce theunstable

area at the time of low-speed operation.

That 1s, a lowest voltage Vm that is applied to the induction

motor 8 1s so set as toavoid theunstable area at the time of low-speed
operation, to thereby determine the modulation factor "a" as

represented by the expression (12).

The modulation factor "a" 1is substituted for the expression

16
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(13), therebymaking it possible to obtain the magnetic flux command

value FZ2RB as represented by the following expression (14).

(00477 ] [Eg. 14]
ey Ry [ D12 . 12 Y p12 S S PPRVA

_2RLo Tmr__*\/__6_}_%:)(a)+ (2RL i Tnr \/EEfcxa)z_4 RI + (@i L)' Y RU + (@i L1-0)* }/
FORB = P 7T \ P T \ M JAN k J.

\ RY + (wi — L1)?

2 Iv;

(14)

10048] The magnetic flux command value F2RB that is obtained

by the expression (14) is used, thereby making it possible that
the output voltage of the induction motor 8 ensures the set lowest

voltage Vm even at the time of low-speed operation.

(0049] The rotor rotationangular frequencyarithmetic section

17 1s applicable regardless of the velocity estimating method such

as the velocity estimating method using the adaptive observer

senseless control.

[0050] In this example, the operation of the magnetic flux

command value arithmetic means 11 will be described.

First, the comparator 22 compares the rotor rotation angular

frequency setting value WrlZM that 1s set to the changeover setting

value with the rotor rotation angular frequency Wrl.

In thils example, in the case where the rotor rotation angular

frequency Wrl 1s lower than the rotor rotation angular frequency

setting value WrlZM, the switch 23 changes to the magnetic flux

command value back calculation arithmetic section 21 side. Then,

17
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F2ZRB that 1s calculated by the magnetic flux command value back

calculation arithmetic section 21 is output as the magnetic flux
command value.

Also, 1n the case where the rotor rotation angular frequency
Wrl 1s higher than the rotor rotation angular frequency setting

value Wrl2M, the switch 23 changes over to the magnetic flux command

referencevalue F2ZRMside. Then, themagnetic fluxcommandreference
value FZRM 1s output as the magnetic flux command wvalue.
[0051] In this situation, the voltage of the induction motor

8 with respect to the velocity becomes a value represented by a

solid line of the graph in Fig. 5, and the lowest voltage Vm that

1s set as the lowest voltage that is applied to the induction motor

P

8 1s output at the time of low-velocity operation which is lower

than the rotor rotation angular frequency setting value Wrl2M.

[0052] According to the vector control apparatus for an

induction motor 1in the first embodiment of the present invention,

the secondary magnetic flux command value F2RB that is calculated

by determining the modulation factor "a" is used, thereby making

1t possible to ensure the lowest voltage Vm and increase the SN

ratio of the output voltage even in the case where the rotation

P

velocity of the induction motor 8 is low. For that reason, it is

ﬁ

posslble to suppress the arithmetic error of the primary angular

frequency arithmetic value to a smaller value, and obtain the stable

rotation even at the time of low-speed operation.

18
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Also, because a value required to be calculated is only the
modulation factor "a", 1t 1s possible to simplify the adjustment
element and shorten the adjustment time.

Further, this embodiment 1s applicable regardless of the
velocity estimating method, the unstable area can be avoided at

the time of low-speed operation, and the adjusting method can be

reduced.

Second Embodiment

[0053] In the above first embodiment, in the magnetic flux

command value arithmeticmeans, the magnetic flux command is changed

over taking only the rotor rotation angular freguency into
consideration. Further, the brake command can be taken into

consideration.

The second embodiment 1s made by adding means for switching

the magnetic flux command value according to the brake command to

the first embodiment.

Fi1g. 6 1s a block diagram showing a device configuration

including avector control apparatus for an inductionmotor according

F

to a second embodiment of the present invention.

Referring to Fi1g. 6, a brake command B is input to a magnetic

flux commandvaluearithmeticmeans 1ll inthevector control apparatus.

Other configurations are identicalwiththoseinthe first embodiment,

and thelr description will be omitted.

[0054] Fig. 7 1s a block diagram showing the magnetic flux

19
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command value arithmetic means 11 1n the vector control apparatus
for an induction motor shown in Fig. 6.
ReferringtoFig. 7, themagnetic flux command value arithmetic

means 11 includes a switch 24 that is a second magnetic flux command

switch means. Other configurations are identical with those in the

first embodiment, and their description will be omitted.

[0055] Herelnafter, adescriptionwillbegivenof theoperation

of the vector control apparatus for an induction motor structured
as described above.

First, the vector control means 10 has the same operation as

that of the first embodiment independent of the brake command, and

their description will be omitted.

In the magnetic flux command value arithmetic means 11, the

switch 24 conducts the same operation as that in the first embodiment

only when the brake command B 1s generated, and conducts the switching

so as to always output the magnetic flux command reference value
F2ZRM when the brake command B 1s not generated.

1 0056]] According to the vector control apparatus for an

induction motor 1n the second embodiment of the present invention,

p—

in general, the unstable area at the time of low-speed operation

F

is generated only at the time of braking, and the magnetic flux

command value back calculation arithmetic section 21 is operated

only at the time of braking, so 1t 1is possible to separate the brake

function and the power running function from each other.

20
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[0057 ] In the first embodiment and the second embodiment, the
example of the electric vehicle control apparatus using the velocity
sensorless vector control 1s described as the purpose of the present
invention. However, the present invention can be used in other

general-purpose 1nverters or the field of the electric vehicle.
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CLAIMS

1. A vector control apparatus for driving an induction motor
through an inverter device, characterized in that the vector control
apparatus comprises:

magnetic flux command value arithmetic means for selecting
and outputting a magnetic flux command value on the basis of a torque
command value that is calculated by a torque command value arithmetic
section on the basis of an input signal from an external system,
a circuit constant of the induction motor, and an actual measurement
related to the induction motor; and

vector control means for controlling‘ the inverter device on
the basis of the magnetic flux command value that 1s output from
the magnetic flux command value arithmetic means and the circuit
constant of the induction motor, and

in that the magnetic flux command value arithmetic means
includes a magnetic flux command value back calculation arithmetic
section for calculating a magnetic flux command arithmetic value

so that a voltage that 1is applied to the induction motor becomes

equal to or higher than a setting value corresponding to an unstable

drea.

2. The vector control apparatus for an induction motor

according to claim 1, characterized in that:

the actual measurement includes a primary current of the
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induction motor, and a capacitor voltage of a capacitor that 1is
connected to a DC side of the inverter device;

the vector control means obtains a voltage command value, and
a slip angular frequency and a rotor rotation angular frequency
of the induction motor from the circuit constant and the primary
current, and adds the slip angular frequency and the rotor rotation
angular frequency to obtain an output angular frequency; and

the magnetic flux command value back calculation arithmetic
section calculates the magnetic flux command arithmetic value from
the voltage command value, the output angular frequency, thé

capacitor voltage, and the torque command value.

3. The vector control apparatus for an 1induction motor
according to claim 1, characterized 1n that:

the vector control means obtains the rotor rotation angular
frequency of the induction motor from the circuit constant and the
primary current;

themagnetic fluxcommandvaluearithmeticmeans includes first
magnetic flux command switchmeans basedonthe rotor rotationangular
frequency; and

the first magnetic flux command switch means outputs the
maghetic flux command arithmetic value as the magnetic flux command

value when the rotor rotation angular frequency i1s equal to or lower

than a given frequency, and outputs amagnetic flux command reference
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value that is given to the magnetic flux command value arithmetic

means as the magnetic flux command value.

4. The vector control apparatus for an induction motor
according to claim 1, characterized in that:

the magnetic flux command value arithmetic means includes a
second magnetic flux command switch means responsive to the brake
command; and

the second magnetic flux command switch means outputs the
magnetic flux command arithmetic value as the magnetic flux command
value when the brake command is generated, and outputs the magnetic

flux command reference value that 1s given to the magnetic flux

command value arithmetic means as the magnetic flux command value

when the brake command is not generated.

24



CA 02572969 2007-01-04

/6

I"lt"l'.li""""'l"l'l'.IIll""l'l'"lII.'-a_.__t.I.-llll_lllll.i"“ci’!"'ll""l""i't'
"ll

1bA NOILO3S Ll
OILINH LISV Gl
PN AONINDINA Q1

AV INONY
NOILV.LOd

NOILOD4S

IILAWHLIGY
AONIND Y
dVINONY
dl'IS

vl

NOILO3S
OILANHLIEY

zo_.Sm_w OLLINHLINY INTVA
b} [lANVANOD
T0Y¥LNOD |4 [ONGWAOS

43LYIANOD

¥O.LO3A IOVLIOA i
31VNIQHO0D ' ol

ol NOILO3S
TOHLINOD FALVO I~ 0C
N Y1 T s
@
. g ¢

|
|
|
|
|
|
|
|
|
|
|
|
!
!
}
|
|
|
)
|

NOILO3S
OlLINWHLIGY
3NTVA

ANVINNOO
=
OIL3INOVIA

Jjw |

o=
LIM
IbA

1PA
|



Wi
Vdr
Var
Efc

Wr1

Tmr

CA 02572969 2007-01-04

2/6

COMMAND VALUE
BACK CALCULATION
ARITHMETIC SECTION

e

F2R



Vit

CA 02572969 2007-01-04

FIG. 3

R1 L1 L2 R2

FIG. 4

MOTOR OUTPUT
TORQUE T [Nm]

XS w2
—Wri12 Q‘ . VELOCITY ESTIMATE
N, | VALUE Wr1 [Hz]
|

UNSTABLE AREA



CA 02572969 2007-01-04

1/6

FIG. 5
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