APPARATUS AND METHOD FOR CONTROLLI NG DRI VE OF THREE- PHASE MULTI PLEX @VaDHARE - Ff
MOTOR - BACKGROUND OF THE | NVENTI ON: 5 a) Field of the invention The
resent i nveiltion rel ates to apparatus and method for controll i ng er%g‘
a thyee-ghase mul ti pl ex wi nding notor and, nore particularly, relates'to
vect&r cgntrol apparatus and nethod for the three-phase N-plex 10 (N= 2,

4, - ~ -) winding notor preferably with a secondary resistance variation
conpensation nethod. b) Description of the related art Japanese Patent

and No. Spowa 1APEARAGR AND, Merd0B P08, SoMFROLE NSO DR Ery
previ ously pr opTHREE+ PHASE MELTIPIEXUNINDENG WOTOR AC notors. Each of

t hese systens drives an N-plex w nding notor through N nunber of inverters
to permt a large capacity 20 of the nmotor (N= 2, 3, 4, ---). Each of the

previously propBACKGROUNDS \OF eTHE INVENTIEON £x W nding notor through the

correspondi ngly sane phase vaoltage or_ current so as to drive the N plex
wi ndi ng m)tﬁ. 25 ar} F Q& the oinyeptekan of provi ding each of the

previously proposed drhée psugbAEBihveBid] Yrd 1t RV appakratds! ar@paci ty of
the notor. In addition, a decoupling control cannot be achieved as has been

carried out in BEERAYEHRT SRRtIHLEBIpARLES| ofi R tTtoreanphase gyltiplex
Exanpl es of |i t@i{Rdie metase dnd, NmokrBepdpeooR] ARy C F1Ttes o vhBeor
t.hr ee- phase i nductjon notors are listed

control apparatus and method for the three-phase N-plex

10 (N= 2, 3, 4,---) winding motor preferably with a secondary
resistance variation compensation method.

b) Description of the related art

Jepanese Patent Application First Publications
No. Showa 62-100191 published on May 9, 1987 and No. Showa

15 63-305792 published on December 13, 1998 exemplify
previously proposed drive systems for multiplex winding
AC motors.

Each of these systems drives an N-plex winding motor
through N number of inverters to permit a large capacity

20 of the motor (N = 2, 3, 4, ---).

Each of the previously proposed drive systems for
the N-plex winding motor through the -correspondingly same
phase voltage or current so as to drive the N-plex winding
motor.

25 However, an object of providing each of the
previously proposed drive systems is merely to achieve a
larger capacity of the motor. In addition, a decoupling
control cannot be achieved as has been carried out in a
conventional three-phase induction motor.

30 Examples of literatures describing the decoupling
controls fof the three-phase induction motors are listed
below.

Literature 1:



bel ow. ;Literature 1: 2 Conparison of Practical Performances between
Controlled Current Source and Control |l ed Vol tage Source Vector Control
Systens"” described in a Japanese Paper of “an institute of Electrical

Engi neering (J-1EE) D, volune 5 107 No. 2, published in 1987, and authored
by Masayuki Terashima, et al. Literature 2: a Conpensation for Paraneters
Vari ation of Induction Mdtor |nproved Torque Control Characteristics 10 at
Low and H gh Speed Region " described in the Japanese Paper of the

institute of Electrica] Engineering (J-1EE) D _volune 112 No. 2, published
in 1992, and aut hored byCQ@?§¥qu%nﬁga?r@F{éFglS@ﬁﬁﬁﬁ?méﬁc?ﬁEbPNVEﬂ¥lCN: 15

Wien the high pephersBneée C@ftdrd Souree Bn@dcentrbéIlsdofoRtddy eRupbase
mul ti pl ex wi nding notor as described_above, an_inprovenment in a current

response by mealSChPTi¢RAERR SYStapsc odesoritrd dosay JaRanese BaPen of at ure

1 and the paranmgheinyeitwid OF £08BLH341 BhAnhedasny PSITER) B0, voheme
literature 2 are necessary. lt.is therefore an object of '{byemglrsesent
o]

i nvention t® pr&97d¥ocoft r BrPLpphedin LRV nméth Autdioregn Ayukidri ve
of a three-phasgefbhimh eXethdmdi Ng notor which can achieve a decoupling

control for the three-phase nultiplex
Literature 2:

" Compensation for Parameters Variation of
Induction Motor Improved Torque Control Characteristics

10 at Low and High Speed Region " described in the Japanese
Paper of the institute of Electrical Engineering (J-IEE)
D, volume 112 No. 2, published in 1992, and authored by
Tetsuo Yamada, et al.

SUMMARY OF THE INVENTION:

15 When the high performance control is carried out in
such a three-phase multiplex winding motor as described
above, an improvement in a current response by means of
the decoupling control as described in the literature 1
and the parameter variation compensation as described in

20 the literature 2 are necessary.

It is therefore an object of the present invention
to provide control apparatus and method for controlling
a drive of a three-phase multiplex winding motor which can
achieve a decoupling control for the three-phase multiplex

25 winding motor, can control a secondary magnetic flux and
secondary current in a decoupling control mode, and can
achieve an ideal vector control.

According to one aspect of the present invention,
there 1is provided with a control apparatus for a

30 three-phase multiplex winding motor, comprising: a
plurality of inverters, each inverter operatively driving
a corresponding winding couple of multiplex windings of

the motor; a plurality of controllers whose number



25 -wi nding notor, can control a secondary magnetic flux and secondary
current in a decoupling control node, and can achieve an ideal vector
control. According to one aspect of the ptesent invention, there is
provided with a control apparatus for a 30 three-phase multiplex w nding
notor, conprising: a plurality of inverters, each inverter operatively
driving a correspondi ng wi ndi ng couple of nultiplex w ndings of the notor;
a plurality of controllers whose nunber 3 corresponds to that of the _
i nverters, each controller controlling an operation of a correspondi ng one

of the inverter@OTRRERPIMIHQ| TRAT | | Hae ndnVertREDUPEMNY GoRtEQbler
cal cul ator for geHdmatingg & dpetaridndo@XhScyekbasénding &did Nse Vadies VI d*

and Vig* on the basis of an excCitation instruction value |o*, a torque
i nstructi on valiverters). ea¢h capirglisr inehnding: arfdsgqunling vel trge

i[err]d* and i [&I¥duiatdl ChoRr eaﬂeeiA@ﬂlag? 8lakis 8NE' LA NSTEMR | On

value lo* and the torque instruction value |IT* divided 10 respectfvely by
the multipl 8x rRgfjamaNvaiuereV i namdd.abon dheobashe aforprexahtatienver
suppl y frequencindighide 1M Gaiius ad+add tichinef i?s%!rhe.tiéﬁq’éﬁﬂﬁ¥ feer] to a
rotor revolution frequency [err] r; a d-axi's-and-qg-axi s current controller
for perforn ng A-3HsaNG-Grarkigrenrrandginsteorckion vravesrigd¥mng dig*

respective dewpldioRte BELVESRLs G the efbif&B ol "ShEVEhbe oy abdHud [err] d*
and its detected value il'd and between g-axis current instruction val ue
i[err]g* and itke* and the torque instruction value I,* divided

10 respectively by the multiplex number N of the winding
couples of the motor, and a power supply frequency @ which
is an addition of a slip frequency ws to a rotor revolution
frequency wr; a d-axis-and-g-axis current controller for
performing proportional-and-integration calculations

15 for respective deviations between d-axis current
instruction value i, d* and its detected value i,d and
between g-axis current instruction wvalue i,g* and its
detected value i;g so as to derive d-axis and g-axis
voltage errors AV,d and AV,q ; and a plurality of PWM

20 circuits, each PWM circuit receiving d-axis and g-axis
voltages V,d and V,q as d-axis and d-axis voltage
instructions and generating and outputting gate signals
to the corresponding one of the inverters according to the
d-axis and g-axis voltage instructions so as to control

25 the operation of the corresponding one of the inverters,
the d-axis and d-axis voltages being respective additions
of the d-axis and g-axis voltage setting values V,d* and
V,g* received from the decoupling voltage calculator to
d-axis-and-g-axis voltage errors AVd and AVq outputted

30 £rom the d-axis-and-g-axis current controller.

According to another aspect of the present invention,
there is provided with a control method for a three-phase

multiplex winding motor, comprising: providing a plurality



detected value iq so as to derive d-axis and g-axis voltage errors AVierr]d
and AVierr]qgq ; and a plurality of PWM 20  circuits, each PW circuit
receiving d-axis and g-axis voltages V[erﬁ]d and V[err]q as d-axis and
d-axis voltage instructions and generating and outputting gate signals to
the correspondi ng one of the inverters according to the d-axis and g-axis
vol tage instructions so as to control 25 the operation of the
correspondi ng one of the inverters, the d-axis and d-axis vol tages being
respective additjons of the d-axis and g-axis voltage setting val ues VI d*

and Vtg* recei vt ISR Stec SA6P nanG?F%ﬁe ®RerAfiNedy t driving a
d- axi s- and- g- axeSrivEsPEIRL Ry wmﬁalﬂy[dwﬂlfé 3 dmAM 1951w PHE PGS &F BRe froOm

t he d-axi s-and-qg-axis cui1 g controller. According to another aspect of
cale at

the present i n/EXt9Dn, ng, Gvf¥LE @ch e rpPliRgeoaetbing

three phase nulvapiex widedi aganoy,ge, &thhbSItShﬂslspr@f' U JescREHERLAL Y 4
| nverte[T% each i nverter perat | ve dr| Vi n%tﬂa correspondi ng w ndi ng

coupl e of mdltiPrEEIFHAT e drorqug dnstuctieraved ugnd-4. axi s

vol tage setti nggvatiesand -of-akds @ihﬁréﬂ@ﬁ.hbﬁru@ﬁléﬂ%aﬁ%‘é'ssi@* aha §xgktation
5 instruction value lo*, a torque instruction value |IT*" d-axis-and-qg-axis

current instrudfieh \P&Ieugémit{’-%?‘?:f °f e ereitphionniiastaustiont vatee of the

excitation instraet isa valhee herqaad S.H§ti~ﬁé€lil@n' Red Tyt 108 Vaivfdég*
di.vi ded respectively by a multiplex nunber N of the windidg 10 coupl es of

the motor, and % 1vedgpIBY t# eqehEIPIe¥ r PURRPERN of the winding
10 couples of the motor, and a power supply frequency @ which

is an addition of a slip frequency @ws to a rotor revolution
frequency wr; calculating a proportional-and-integration
for respective deviations between d-axis current
instruction value i,d* and its detected value 1,4 and

15 Dbetween g-axis current instruction wvalue i,g* and its
detected value i,g so as to derive d-axis and qg-axis
voltage errors AV,d and AV,q ; receiving d-axis and g-axis
voltages V,d and V,q as d-axis and d-axis voltage
instructions; and outputting gate signals to the

20 corresponding one of the inverters so as to control the
operation of the corresponding one of the inverters, the
d-axis and d-axis voltages being respective additions of
the d-axis and g-axis voltage setting values V,d* and V,q*
to d-éxis—and—q—axis voltage errors AVidand AVq.

25 This summary of the invention does not necessarily
describe all necessary features so that the invention may
also be a sub-combination of these described features.
BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a schematic circuit-and-wiring diagram

30 for explaining a drive system of a three-phase duplex
winding motor to which the present invention of a vector
control apparatus is applicable.

Fig. 2 is an explanatory view of a winding model of



Is an addition of a slip frequency [err] to a rotor revolution frequency
cor; calculating a proportional -and-integration for respective deviations
between d-axis current instruction val ue ?[err]d* and its detected val ue
i[err]d and 15 between g-axis current instruction value i[err]Jg* and its
detected value i[err]q so as to derive d-axis and g-axis voltage errors
[err]; receiving d-axis and g-axis voltages V[err]d and V[err]g as d-axis
and d-axis voltage instructions; and outputting gate signals to the
20 correspondi one of the inverters sg ,as to control the_ogperation of

t he correspondi %eoﬁér‘?ﬁ‘ﬂl}?egq releg winging motex shoyny ia Fdgyolt @Bes

bei ng respecti ve-&dis tarmnsg-afxiidie d-axis and g-axis voltage setting val ues
Vlerr]d* and V[err]qg*_to d-axis-and-g-axis voltage errors [err] 2

. - ] - 5
This sunmmary of the i fv&nt Polt FoEITRBLt Rk ingFapk apequivatertssary

features so thagitdeit e T Wpedkinoabgefesal - EoFdY HHdse mfrokiese
descri bed features. BRI.EF DESCRI PTION OF. THE DRAWNGS: Fig. 1 is a

schematic ci®r cui t - andF9ri Agigdi 8gvasten dipgram iy theg ggneralethyeeem of a

three- phase duppexseMnsbdid AW inOFWg.CB, the present invention of a vector
control apparatus is applicable. Fig. 2 is an explanatory view of a w ndi ng

nodel of 5 the thr &&9phasks @uFLERuit otk fdegrageivan sariyalentn
d-axis and Q- axgfrodi® of3the Bhfééipidsd|Ripied RIS IMALLANLYA! £
o Figs. 1 and 2.
10 Fig. 6 is a vector diagram in the three-phase dquplex
winding motor shown in Figs. 1 and 2.

Fig. 7 4is an functional block diagram on a
first-order phase advance compensation to an excitation
instruction to be used in a vector control apparatus for

15 a three-phase duplex winding motor.

Fig. 8 is a circuit block diagram of the vector
control apparatus for the three-phase duplex winding motor
in a first preferred embodiment according to the present
invention.

20 Fig. 9 is a circuit block diagram of the vector
control apparatus for the three-phase N-plex winding motor
{N=23, 4, —-N) in a second preferred embodiment according
to the present invention.

Fig. 10 is a circuit block diagram of the wvector

25 control apparatus for the three-phase duplex winding motor
in a third preferred embodiment according to the present
invention.

Fig. 11 is a circuit block diagram of the vector
control apparatus for the three-phase N-plex winding motor

30 in a fourth preferred embodiment according to the present
invention.

Fig. 12 is a circuit block diagram of the vector

control apparatus for the three-phase duplex winding motor



ci'rcuit of a T-1 type in a general three-phase motor. 5 Fig. 4is a
vector diagramin the general three- phasg notor shown in Fig. 3. Fig. 5is
a circuit block diagramof an equivalent Circuit of the three-phase duplex
wi ndi ng nmotor shown in Figs. 1 and 2. 10 Fig. 6 is a vector diagram
in the three-phase duplex w nding nmotor shown in Figs. 1 and 2. Fig. 7 is
an functional block diagramon a first-order phase advance conpensation to
an excitation instruction to be used in a vector control apparatus for 15

a three-phase dupl L di anih RS adLclLLeul t.bl.ock di agram of

t he vector cont#glg)agf|c>l\|c%a{:lrill ak) %gfgg%ffheemq#%f;&hgggoﬁﬁ%?%xt%% Rﬁ;ggf“&r in a
first preferredievémtionrntinacdutch ng tseddmguyeseedistrarmed | €arideion

Fig. 9pis acir &h I?J'h c‘ﬁ di_ agram of the eator control apparatus for the
t hr ee- phase I\I—p{’;exﬁ%\n %f o8 r’r’b%&lrorg( %S:a ?pﬁ,e :-N) in a second preferred
embodi ment accordi ng mgt.he3pmssen¢ii:asufmtbn¥ck E'l'i@grhﬁn oF @ﬂéi {,—égtéfbl ock
[ f th 25 tr apparatus for the three-phase dupl ex

W ndi ng ot 5t 1 FOREIH PERBTEPLP hod Bhb S REnPhAEE SHMAY THEINS BPEGEN!
invention. Fig.idl isix@hCpreBetréd Gitbodianta8EotdEny &L Q'heCBEééﬁht

apparatus for the three-phase N-plex winding notor 300 in a fourt
plrogferred embodFRESRTLAY o}y WRLER Hhe 5?@@@8@:1’%’%%%?5@0% yariatieng

circuit _bI o_ck dt aeperiB a1 dnh emetdodoi scagbpebaapparat us for the three-phase
- dupl ex winding mot or Fig. 14 is a circuit block diagram of the vector
10 control apparatus for the three-phase duplex winding motor
in a seventh preferred embodiment according to the present
invention in which the secondary resistance variation
compensation method is adopted.
Fig. 15 is a circuit block diagram of the vector
15 control apparatus for the three-phase duplex winding motor
in a seventh preferred embodiment according to the present
invention in which the secondary resistance variation
compensation method is adopted.
Fig. 16 is a circuit block diagram of the vector
20 control apparatus for the three-phase N-plex winding motor
in a ninth preferred embodiment according to the present
invention in which the secondary resistance variation
compensation method is adopted.
Fig. 17 is a circuit block diagram of the vector
25 control apparatus for the three-phase N-plex winding motor
in a tenth preferred embodiment according to the present
invention in which the secondary resistance variation
compensation method is adopted.
Fig. 18 is a circuit block diagram of the vector
30 control apparatus for the three-phase N-plex winding motor
in an eleventh preferred embodiment according to the
present invention in which the secondary resistance

variation compensation method is adopted.



6:in a-fifth preferred enbodi nent according to the present invention in

whi ch a secondary resistance variation conpensation nethod is adopted. Fig.
13 ijs a circuit block diagram of the vectdr 5 control apparatus for the

t hree- phase dupl ex winding notor in a sixth preferred enmbodi nent according
to the present invention in which the secondary resistance variation
conpensation nmethod is adopted. Fig. 14 is a circuit block diagramof the
vector 10 control apparatus for the three-phase duplex w nding notor in a
seventh preferred enbﬁginent according to the present invention in which

the secondary resistafc@var dfi GnCisrpthsBiodh dhagram iof ddepvegtori g. 15
is acircuit bl aéhtﬂbligfpiﬁ:ﬁftub%ﬂﬁﬁé%&-Hﬁgﬁérﬂﬂplmiﬁﬁﬁ%%ﬂ%;tokhe

t hr ee- phase dupl ex wi nding notor in a sevent referred enbo

according to thdtgt t¥ehfth Rrafiersed emhedinenthaceerdingity the preseos
variation conpemsdbhfon®ihodnisnadnR! edeohisfiryl Gelistafibhs k}'ahghglgﬁex

di agram of the vector 20 control_ apparatus for the three-phase
wi ndi ng mot & i FOEPeRFARLOR apalhady isnBdgpkedt according to the present

o adopt ed. F g D A I TR “Cont ol
apparatus for the thr&&fexrgaseNnplbherednafientheomade hotidre drpwéhgsr ed
embodi ment accoidi Bgabf e fUSS8ate a better understanding of the
present invention.
10 Before explaining preferred embodiments of a vector
control apparatus for a three-phase N-plex (N = 2, 3, 4,
---N) winding motor according to the present invention,
a three-phase duplex winding motor and its vector control
method will be described.
15 (1) Three-phase duplex winding motor:
Fig. 1 shows a system configuration of a drive system
of the three-phase duplex winding motor.
In this system shown in Fig. 1, two couples of
three-phase windings (u,, v,, w, and u,, v,, w,) formed on
20 a winding of a stator of a six-pole three-phase induction
motor IM and the winding of each couple is excited by means
of a corresponding power supply constituted by separate
inventors (INV1, INV2).
In Fig. 1, the motor to be used and to which the
25 present invention is applicable is constituted by a
six-pole induction motor, three windings u,, v,, w,
constituting one winding couple, and the other three
windings u,, v,, w, constituting the other winding couple.
(2) Voltage Equation on Two axes:
30 The three-phase duplex winding motor shown
in Fig. 1 is assumed as a winding model on two vector axes
shown in Fig. 2.

InFig. 2, ,d denotes a d-axis component of the stator



I nvention in which the secondary resistance variation conpensation nethod
Is adopted. Fig. 18 is a circuit block diagramof the vector 30 control
apparatus for the three-phase N plex mﬁnding notor in an el eventh preferred
entodi ment according to the present invention in which the secondary

resi stance variation conpensation nethod i s adopt ed. 7 Fig. 19 1is a
circuit block diagramof the vector control apparatus for the three-phase
N-plex winding notor in a twelfth preferred enbodi nent according to the
present invention _in which the secondar reS|%t2nce variation

conpensat i on n¥RGdNGs ofq8pfigst pEnd RR¥LREE d’ﬁf“qq-ﬁgi NAENTI ON:

Reference w || yher ghaafl ¢r @ed@meerOat@&mdisa\MdmnleﬁtObﬂefhé%E&&fI tate a
better understandlng of the present .invention. Bef or e expl ai ni ng

preferred embodimsidg ef Q‘%eﬁ?trfﬁt VaReing ‘é?}&ﬂ'%t(ff?ef sirgtiwindinghse

N-plex (N = 2, 8 dénotes MheMdi@ixis 8BhPO6nESE WHid1Gta®okNRiRALEENSE a
I nvention, a three phase_dupl ex wi nding notor and its vector control nmet hod

will be des?ri fegongswinding CC('-*BleTﬁFe‘éﬁmglﬁgbpgx Yt ndi2ng@RBtW3) . Fig. 1
shows a system g%ﬁ&w@tﬂw Rhxd sdebiSonust GF The BeatBrep1pdass skip! ex

winding nmotor. '[n this system shown in Fig. 1, two couples of_ three-phase
wi ndi ngs [ err] ftdengecepd winding couple (the second winding), ,d denotes
the d-axis component of a rotor winding, and ,q denotes the
g-axis component of the rotor winding.

10 An equation (1) shown in TABLEl represents a voltage
equation on a d-q axis rotating at a power supply angular
frequency @ in Fig. 1. The equation (1) is described in
a Japanese Paper of Institute of Electrical Engineering
(J-IEE) D, Volume 109 No. 11, titled " Decoupling Control

15 Method For Induction Motor with Stator Iron Loss
" published in 1989 and authored by Takayuki Mizuno, et
al. |

It is noted that, in the equation (1), R, denotes
a resistance corresponding to one phase of the first

20 winding, L, denotes a self inductance corresponding to one
phase of the first winding, L, denotes a resistance
corresponding to one phase of the second winding, L, denotes
the self inductance corresponding to one phase of the
second winding, R, denotes a resistance corresponding one

25 phase of a rotor winding, M,,, M,;, and M,, denote mutual
inductances between respective couples of the windings,
S denotes a slip, and P = d/dt (differential operator).

If each winding is a balanced winding, R, = R,, L,
=L, M=M, =M, =M,.

30 In addition, a torque T is represented by an equation
(2) shown in TABLEl.

In the equatidn (2), Pole denotes the number of poles

in the motor.



20 "a wnding of a stator of a six-pole three-phase induction notor |IM and
the w ndi ng of each couple is excited by neans of a correspondi ng power
supply constituted by separate inventors 2INVI, INV2). In Fig. 1, the notor
to be used and to which the 25 present invention is applicable is
constituted by a six-pole induction notor, three windings [err]
constituting one wi nding couple, and the other three wi ndings [err]
constituting the other winding couple. (2) Voltage Equation on Two axes: 30
The three-phase dupl ex w ndi ng notor shown in Fi 1 is assuned as a

wi ndi ng nodel on two (3t Beagkendemenh i they Voltage eayatlonid denotes a
d-axi s conponent of thesééé’ﬁdﬁrymaﬁn&tﬂé“ﬂgxx%n%h@fﬂeém iWatgyele (2
first winding, ul, vl, and , [err enotes a Qg-axls conponent t he
stator wi ndi ng $indiRg matar mﬁh@%giltgum.e 1(t(ﬁ@'1fb3 sepresentgyl byean] d
denotes the d-aé¢§afayqpqp§ynofo&m@L§tgtor wi nding of a 5 second wi nding
couple (a second w nding, u2, v2 [err]g denotes the g-axis
conponent of the stat apcﬂrﬁanagt@fthe]@@@@gna G\Bhdla!g esmatlion {4¢ second
winding), [err]&sganoignd.he d-axis conponent of a rotor w nding, and
[err]q denotes the g-axis congonent of the rotor w nding. 10 An
equation (1) shown i nATSBEEEREcyeetentin dhelegugdioguél) ohsogivenl -y axi s
rotating at a pawetSuRAAing 2REUGIat{RAYE) ¥ P thd Eifation TS CagLI on (1)

i.s. described in
current vector described above is given as shown in an

10 equation (5) of TABLE 2.

If the equation (5) is substituted into the equation
(1) to rearrange the equation (5), an impedance matrix 2%
in the equation (1) will be given as shown at a lower matrix
in TABLE 2.
15 An equation (6) in TABLE 3 is resulted from the
equation (1).
Suppose that each winding is a balanced winding, R,
=R,, ), =L, and M = M,, = T M, = M,,.
If a leakage inductance MO = M - M?/L,,
20 L, - M*/L, = (1, + M) - M*/L,
=1 + (M- M/L,)
=1, + MO; and
L, - M*/L, = (1, + M) -M*/L,
=1, + (M - M/L,)
25 =1, + MO,
wherein 1, (= £,) = L, - M.
The equation (6) can be rearranged as described in
an equation (7) of TABLE 4.
It is noted that if A .,d and A ,q in the current vector
30 1in a rightmost matrix in the equation (7) is rearranged
in a current representation of A ,d/M and A ,g/M, the
equation (7) will be given as in an equation (8) of TABLE
4,



a,Japanese Paper of Institute of Electrical Engineering (J-1EE) D, Vol une
109 No. 11, titled " Decoupling Control 15 Method For Induction Motor
with Stator Iron Loss published in 1999 and authored by Takayuki M zuno,
et al. It is noted that, in the equation (1), Rl denotes a resistance
corresponding to one phase of the first 20 wnding, L[err] denotes a self

I nduct ance corresponding to one phase of the first winding, L2 denotes a
resi stance correspondi ng to one phase of the second w nding, L2 denotes the

sel f inductance corresponding to one phase of the second w ndi rrjmi

: g R3
denotes a resistance &8 FRSRARATHPIH(S)25R;: pitadM/B5) Rs e M wirri/dg, [err]
denote nutual inductang§syheiy¥retontsd ddniitdonP! es of the windings, S
denotes a slip, and P = d/dt (differential operator). If each winding is a
bal anced wi ndi ng, [er PPPpese|ng@@ that if the giexisods &akenqom TEhes
represented by gty fRaghétishPik | I Is 2), Pole
denot es the nunber of pol esghi nlt he not I)trhwé%ofﬁbrge}g?fg}régg%ggtogi gﬁsthe
Vol t age equét i cch thatorkdl v wepstant, f Ayg =m0t hand hi,de- phase dupl ex
wi ndi ng notor shown i L0 45 ent. b n tion (3) of
TABLE 1. 5 Acgogggﬁbﬂ%%?%tgié%ﬂi@n 5}?9,5 éﬂ&e_qﬁg#'%oﬂl{"i{’ )r%

equations of (9) and (10) of TABLE 5 according to the

equation (3).

The equation (10) represents a torque current which
10 is a sum of torque currents i,q and i,q of the corresponding
one of the inverters which is connected to the
corresponding one of the winding couples.
Next, a condition of a slip frequency ®w s to
establish A,q = 0 will be given as follows:
15 That is to say, two equations of (11) shown in TABLE
5 are derived according to a 6-th row of the equation (8)
of TABLE 4.
In addition, a relationship between an excitation
current and the secondary magnetic flux when a field
20 control is carried out will be given in an equation (12)
of TABLE 6.
It is noted that i,d + i,d = A,4/M in the equation
(12) under a steady state of the motor.
As described above, in the three-phase duplex
25 winding motor, if the sum of the excitation current and
torque current in each inverter (INV1 and INV2) is the
excitation current and torque current, it will be
appreciated that the same is given to the conventional
vector control.
30 It is noted that the vector control method for the
induction motor has been described in United States Patents
No. 5,341,081 issued on August 23, 1994 and No. 5,481,173
issued on January 2, 1996 (, the disclosure of each of which



establ ished. A current vector in the equation (1) is given by substituting
the equation (4) into the equation (1). The current vector descri bed above
is given as shown in an 10 equation (5) d TABLE 2. If the equation (5) is
substituted into the equation (1) to rearrange the equation (5), an

i npedance matrix Z in the equation (1) will be given as shown at a | ower
matrix in TABLE 2. 15 An equation (6) in TABLE 3 is resulted from
the equation (1). Suppose that each winding is a balanced winding, R [err]

wherein [err] The §qu_rt|on (6) can be rearranged as described in an
equation (7) of®HA ein |ing edadt F?Xtr?fe?%‘i‘?? )in the current vector 30

in a rightnost nat r| Xoh%ﬁé]atﬁéﬂﬁidxﬁ' é?:brhﬁer'leﬂhéﬁ%dvéé‘t@r eBhEE8Y

representation of [err] the equation (7) will be given as In an equation

(8) of TABLE 4.1s estgblished igdaxiyed as {fbreﬂ}la(tA?nve(:%%‘r) @ ( &2B)
Condi ti on SuppQose TEBY.E h;atadd‘oﬂmgdtaxtﬁel é(%,_t, )the secondary nmagnetic
t hat

flux, the vector control condition is suc err] = constant, [err]=
0, and [er rF When the equation (9) is substituted in the equatlon
(127A) of TABLE 6, it will be appreciated that the torque
T is the same as in the conventional vector control method.
‘That is to say, an equation (13) of TABLE 6 is established.
(5) Decoupling Control Voltage Calculation.

10 If ideal voltages V,d and V,q of a d-axis primary
voltage and a q-axis primary voltage under the steady state
when a vector control condition is established are given,
equations (14) of TABLE 7 is established.

In the equations (14), A, d/M = i,d + i,d.
15 If the equations (14) are rearranged, equations
(14)' of TABLE 7 are given.
(6) Equivalent Circuit
1) Three-phase motor.
Fig. 3 shows a T-I type equivalent circuit used in

20 a vector control apparatus of the normal three-phase
induction motor.

Fig. 4 shows a vector diagram of the three-phase
induction motor.
The ideal voltages of d-axis and g-axis primary

25 voltages under the steady state when the vector control
condition is established are given in equations (15) of
TABLE 8.

When the equations (14)of TABLE 7 are respectively
compared with the equations (15) of TABLE8, a term of M

30 0 1is added to the d-axis and g-axis components in the

equations (14), respectively. In addition, LO — I,.
2) Three-phase duplex winding motor.
In three-phase duplex winding motor, the secondary



A.condition on i[err]q which gives [err] = 0 is given in equations of (9)
and (10) of TABLE 5 according to the equation (3). The equation (10)
represents a torque current which 10 is1® sumof torque currents i[err]q
and i 2q of the corresponding one of the inverters which is connected to the
correspondi ng one of the wi nding couples. Next, a condition of a slip
frequency [err] s to establish [err] = 0O will be given as follows: 15

That is to say, tw equations of (11) shown in TABLE 5 are derived
according to a 6-th row of the equation (8) of TABLE 4. In addition, a

rel ationship bePdE@H b Tt 5?—@65: 2 qaErena nHerse. she r@rtiongkdddc 1 ux

when a field 20caf®d f@préserdiid ifGrosbuivhlede cdireaiti #h PRgedakign (12)
of TABLE 6. It is noted that [err] in fhe equation (12) under a steady

state of the nof oFROKS ddscryeetrmbgiagram drsiveadeacsexddngugiexths
W ndNg 0L O ddud b LY oo tAEC AL VATt BRbAN G4 e seurrent [

each inverter 1 and INV2) is the éexcitation current andtorque current,

it will be &ppreciat edft aachtwnding iss the,balanced siggHpehwhishl canct or

control. 30 b rdsded BOtRA-tRat 1t heyvegt or ycoat yol =gt had .f t he
i nducti on not or ?lae's}{pbeene?escr?’be ﬁ'nLUnité'd t at &s ngaents :N%ﬂdS?éﬁl,OBl

i ssued on AugusUPERN R ddo¥iagNehrongis packs ipyspEer oV ans NY2 266 (,
the disclosure gdn@ashed inséth a way as i,d = 1,4, i,g = i,q, the vector

diagram in the case of the primary voltage V, of the inverter

10 INV2 is the same as that in the case of the primary voltage
V, of the inverter INV1. |

It is herein noted that, in Fig. 6, E, in V, is
determined as i,d + 1,4 (the sum of the excitation currents),
a primary impedance voltage drop (R,, 1,) is determined by

15 I,(i,d + i,g) and a mutual leakage inductance voltage drop
MO is determined according to I, + I, (i,d, i,q, i,4, i,q).

(7) Control configuration

Fig. 8 shows the system configuration of a vector
control apparatus to drive the three-phase duplex winding

20 motor through the two inverters INV1 and INV2.

Fig. 9 shows the system configuration of the vector
control apparatus to drive the three-phase multiplex
(N-plex, N = 3, 4, ---) winding motor through the same N
number of inverters INV1 through INVN.

25 Different points between vector control systems in
the three-phase N-plex winding motor and in a normal
three-phase induction motor will be described as follows:

1) An excitation current instruction value Io* and
a torque current instruction value for each inverter in

30 the case of the three-phase N-plex winding motor are
division values (quotients) of the excitation current
instruction Io¥ and the torque instruction I * respectively

divided by the number of inverters (N) (namely, 1/N) in



are herein incorporated by reference). On the other hand, a torque T when
the vector control is established is derived as in equations (12A) and
(12B) of TABLE 6 according to the equati 8 (2). 5 When t he equati on
(9) is substituted in the equation (12A) of TABLE 6, it will be appreciated
that the torque T is the sanme as in the conventional vector control nethod.
That is to say, an equation (13) of TABLE 6 is established. (5) Decoupling
Control Voltage Cal culation. 10 I f ideal voltages V[err]d and
V[err]q of a d-axis primary voltage and a g-axis_primry voltage_under the

steady state wide gagecod thenthspecahase BHJ-F%P%%’FaWTEJ@H) aangingn,
equations (14) \ofobABLE 7 is established. In the equations (14)[err] 15
I f the equations 6)14 are rearranged, _equations (14)' of TABLE 7 are

given. (6) Equi vaI entZDIPcUil@ caseTof @cderivatien 6F afriigdugedivaktage - | type
equi val ent ci r% %ﬁ@daéeoasllﬁg V@&fwof%ft@geaea@&a&aﬁaﬁ weeéai L

t hr ee- phase i nduction notor. shows a vect or ram of
t hr ee- phaseSi nd-@@leil-‘@ﬁrnmﬁiroiﬂf@rl cleal Iyol tayek-ofd d" & %?Fﬁéﬂ-féﬁlhmls

(r:)glmrjr?{ ?/oﬁSl svgls S‘#@ ﬂ;r ebgl \SléﬂaazMZzﬁgtel’\gﬁga( tl"gk?‘ \cg]‘ecgrzglf‘éo%re&{ﬁen t he
equations (14)of TABLE) A primaes puapedancy vediagecran (R. + ho/RaguatRons (15)
of TABLES, a termofigsMetermined according to the primary current (i,d,
o i,q/1,d, iq/id).

10 4) A mutual leakage inductance voltage drop MO is
determined according to a total sum of a primary current
of the whole inverters.

In addition, if the equations of (14)° are used, the
decoupling control voltage calculator may alternatively

15 be modified as shown in Fig. 10 or Fig. 11.

When a field weakening control is carried out at a
constant output region and in an application wherein
magnetic fluxes are variable in order to perform a maximum
efficiency control, the excitation current instruction Io*

20 in Figs. 8 through 11 may be derived using the equation
(12).

Fig. 7 shows the derivation of the excitation
current instruction Io* for each inverter controller.

That is to say, the excitation current instruction

25 TIo* may be derived by means of a first-order phase advance
compensation (filter) from an original excitation
instruction (A .,d/M)*.

(8) Secondary Resistance Variation Compensation

As described above, if the secondary resistance R,

30 is varied due to a temperature variation under the current
controlled state in which the primary currents I, and I,
are controlled at constant values, an impedance ratio
between M’ and R,’ /S is varied so that the induced voltage



30 " [err] is added to the d-axis and g-axis conponents in the equations
(14), respectively. In addition, L[err] -+ 1 . 2) Three-phase duplex

wi nding notor. In three-phase duplex wi nd#ng notor, the secondary 12
circuit (rotor side) is comon. Hence, the equatlon (14) can be represented
in an equivalent circuit in Fig. 5. Fig. 6 shows the vector diagram derived
according to the equation (14) and the equivalent circuit of Fig. 5. 5

| f each winding is the bal anced wi ndi ng which can be expressed as [err] and
the currents flomnn through each inverter INVI and INV2 are controlled in
such a way as [ Hﬁ eflact or diagramin the case of the primary voltage

V2 of the inverter 107l Mg i1nab8as 93 tafe! Balid RrddiRet At rimary
voltage V[err] of the inverter INV1. It |§ehere| n not eéft haté) Yén 10. 6,

E[err] in V[er r"]°‘§"§'°&et°@Pﬁ]F-ﬁéBna§e‘E@F$-‘f yneftahihsied-he exci tat i on

currents), a prinmary THECIQESE vol et @'a&‘&l@[ieﬁﬁ}:)ihstﬂft 15
[err] and a_nut uaI Iealéeg I nduct ance volta dr op ned
accordi ng t9 [ dAYtage) cedrulstien shown 40 &1395.98 $h§ﬁ§9h lheb%g@m@n

configuration GfifFet@itOinCoRlnaL ffélﬁrﬁiélsaét‘ﬁa‘ir V63 thie gl hree-phase duplex
wi nding 20 notor through the two inverters INV1 an . Fig. 9 shows the

syst em confi gurati on B Quden, seiepmpanaats fappdria woltagdrvamiatiicon,
t hree- phase mildheP! €Xaxis and g-axis ACR (current controllers) are

operated. In details, in order to compensate for a voltage
10 variation due to the secondary resistance variation, the
ACR amplifier is operated. Hence, the ACR amplifier
outputs (d-axis and g-axis voltage errors) Av,d and Av.,q
are detected and the slip frequency ®Ws is corrected so as
to give zero to the ACR amplifier outputs AV,d and Av,q.
15 Consequently, the secondary resistance variation
compensation can be achieved in the case of the three-
phase multiplex winding motor.
A method of compensating for the secondary
resistance variation will be described below with
20 reference to Fig. 8 and Figs. 12, 13, and 14.
1) A method of controlling so as to provide AVld =

As shown in Fig. 12, the d-axis voltage error
AV,d which is generated due to the variation in the
25 secondary resistance is detected by means of the d-axis
ACR 35. If the slip frequency ws is controlled so that
AVld = 0 , the secondary resistance variation compensation
can be carried out.
That is to say, an equation of (16) in TABLE 8
30 represents the secondary resistance variation
compensation method described above.
In the equation (16), * denotes a setting value and

K = Ry(actual value)/R, (setting value) = variation rate



(Nplex, N=3, 4, ---) winding notor through the sanme N nunber of
i nverters I NV1 through I NVN. 25 D fferent points between vector
control systems in the three-phase N plex3inding notor and in a nornal
t hr'ee- phase induction notor will be described as follows: 1) An excitation
current instruction value lo* and a torque current instruction value for
each inverter in 30 the case of the three-phase N-plex wi nding notor are
di vi sion values (quotients) of the excitation current instruction |o* and
the torque instruction IT* respectively divided by the nunber of inverters
(N (nanely, 1/%§ ¥he secondary £28ds§AntChe three- phase nultipl ex (N-plex)
wi nding notor. 2) In bheMeRREAOSE diftirolaAling N tAE &1y rril&ﬁgnv,ﬁ) ts@g?sE in
the decoupling control voltage cal cul ation of each I nverter controller
[err]a whol e exE? tREQGHIG r%Yiq.J(ftioo_n lo* = [err] + --- is used. 3) A prinmary
i npedance vol tage dropgl 8hbdm-1n)Fig. 0€f il ¥ RnaaLY BangtAHéep“ mary
current (i[err]d, Jerr]- 10 4) A mutual | eakage I nductance voltage
drop M err]di s W HRds sampenssteddn coptapliing dheskip fxegquencyent of
t he whol e i nver{er o ided®ed LY with A 'lgﬂf . are_used, the
decoupling control ?/ tgge t Ich’%tit:lfcl)r ‘War na ?@éelt;%léievgﬁlﬁgﬁwi ed as
shown in Fig. 1¥n §heepondary resistance detected by means of the g-axis
ACR 36.
3) Method of controlling the slip frequency so as
10 to provide |Av,| = 0

As shown in Fig. 14, a square root of a sum of

(Av,d)? and (AV,q)? is derived so that the slip frequency
ws is controlled so as to provide | AV,| = 0 to compensate
for the variation in the secondary resistance.

15 _ An equation (17) of TABLE 8 represents the
above-described method.

4) Robust secondary resistance variation
compensation method against the primary resistance
variation.

20 The slip frequency ws is controlled on the basis
of the contents of the Literature 2 titled " Compensation
for Parameters Variation of Induction Motor Improved
Torque Control Characteristics at Low and High Speed Region
" described in the BACKGROUND OF THE INVZENTION so that

25 an 0 -axis voltage variation (error) AV,g on a primary

' current coordinate axes ( 7 - 0 axis) gives =zero.
Consequently, the secondary resistance variation is
compensated for which is not susceptible to the variation
in a primary resistance.

30 As shown in Fig. 6, a phase angle ¢ between the d-gq
axis and 7-0 axis is derived according to Fig. 6 using
an equation (18) of TABLE 8.

In addition, AV,7 and AV, § are derived using



When a,field weakening control is carried out at a constant output region
and in an application wherein magnetic fluxes are variable i n order to
performa maxi nrum ef ficiency control, thdéexcitation current instruction
lo* 20 in Figs. 8 through 11 may be derived using the equation (12). Fig.
7 shows the derivation of the excitation current instruction |o* for each
inverter controller. That is to say, the excitation current instruction 25
| o* may be derived by neans of a first-order phase advance conpensation
(filter) froman original excitation instruction ([err])*. (8) Secondary
Resi st ance Var i ¢d4SHLlasidif)aemgn (A9) de9€r TABRE shove, if the seconﬂary
resistance R3 30 is Ledsdye t Lat ur ari gtj an.under .t
current controlled sté?gb?ﬁlagigélqpﬂee eg’:q%ﬁﬁg'%l ég?yehtévf‘?eri ggﬁﬁv?ﬁerr]
are control | ed and dhessdip frégeancyn@ s mgedenteoldedosdetheteN, M =aod
Rlerr]'/Sis varied seohBabubheryNdusRf ¥8hhage secoéxﬁa?g’nsgggiéﬁgncéf the

i nduced voltage E is varied, the vector control con | becones
unest abl i shéd. vaRiaHan cpspeagasienr vhidghols not tsuseppddindlel nfoStheol t age

cal cul ati on SO Eabe0ydls Ay b CORP Bl LIRURIY duft val ues from

the actual voltages. “In order to conpensate r this voltage ‘variation, the
d-axis and g-axi s ACRFigur A8ntshowst rtdld es¥gtem econfiguration for the

vector control apparatus for the three-phase multiplex

winding motor in which the above-described robust
10 compensation method is adopted.

Although, in each vector control apparatus for the
three-phase quplex winding motor shown in Figs. 12 through
15, the ACR outputs in one of the inverters INV1, namely,
Av,d, Av,g and i,d, i,q are used, the same advantages can

15 ©be achieved even when the ACR outputs in the other inverter
INV2, namely, AV,d, Av,q, i,d, and i,g are used.

It is noted that each method for compensating the
secondary resistance variation applicable to the vector
control apparatus for the three-phase N-plex winding motor

20 has been described in Figs. 16 through 20.

These methods are based on the respective methods
for compensating the variation in the secondary resistance
for the three-phase duplex winding motor. 1In Figs. 10 and
11, the same methods for compensating the variation in the

25 secondary resistance described in the items 1) through 4)
can be achieved. Figs. 10 and 11 show modifications of the
decoupling control calculations shown in Figs. 8 and 9,
respectively.

Next, the preferred embodiments of the vector

30 control apparatus for the three-phase multiplex (N-plex,
N =2, 3, 4, ---N) winding motor will be described below.

Fig. 8 shows a first preferred embodiment of the

vector control apparatus for the three-phase duplex



operated. In details, in order to conpensate for a voltage 10 wvari at
due to the secondary resistance variation, the ACR anplifier is operated.
Hence, the ACR anplifier outputs (d-axisldnd g-axis voltage errors) [err]
are detected and the slip frequency [err]s is corrected so as to give
to the ACR anplifier outputs [err]. 15 Consequently, the seco

resi stance vari ation

phase multiplex winding notor. A nmethod of conpensating for the secon
resistance variation will be described belowwth 20 reference to Fi
and Figs. 12, ™Minding motop. AtydshBated that Mb1in ifiso embodidmpntvige [err]

0O As shown in Bg. 12, the d-axis voltage error [err] which is genera

due to the variation in the 25

i on
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conpensati on can be achieved in the case of the three-

dary
g. 8

t ed

secondary resistance is detected by neans

of the d-axis ACR 35. IPf Fige 8)i f: danpl@scn dnvpstes controlled Sort hat
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(setting value) = variation rate
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15
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. e secondary resistance.
inverter INV1 and I, denotes another inverter controller

having the same structure as the inverter controller I, for
controlling the operations of the switching devices
installed in the main circuit of the other inverter INV2.

In Fig. 8, a pulse generator (PG) 2 is directly
coupled to the motor (three-phase duplex winding motor)
IM, a velocity detector 3 receives a pulse train signal
from the pulse generator 2 to output a rotor frequency w
r, a slip frequency calculator 4 calculates a slip
frequency Ws from the excitation current instruction Io*
and the torque current instruction I,*, an adder 5 adds the
frequencies of the rotor wr and the slip wWs to output a
power supply angular frequency @, an integrator 6 serves
to derive an angular frequency 8 from the power supply
frequency w, a calculator 7 divides the whole excitation
current instruction Io* by the number of the inverters,
namely, 2 so that each current instruction (i,d* and 1,d%)
to the inverter INV1 or INV2 is provided (i,d* = 1i,d%).

Decoupling voltage calculators 10 are constituted
by a plurality of calculators (11 through 14 and 21 through
26) calculating V,d and V,g in the equation (14).

The V,d calculators (11 through 14) are constituted
by a calculator 11 which multiplies i,d* by R,: calculators
(12-1 and 12-2) which multiply i,g* by 1, (= L, - M) b y which
the power supply frequency @ is multiplied; and an adder
14 for adding outputs of the calculators (11, 12-2, and
13-2) with a polarity shown in Fig. 8.

/' R3



2) -Method of controlling the slip frequency so as to provide [err]g = 0 As
shown in Fig. 13, the secondary resistance 5 variation is conpensated by
controlling the slip frequency [err]s tol8ive [err] = 0 with [err]
generated due to the variation in the secondary resistance detected by
means of the g-axis ACR 36. 3) Method of controlling the slip frequency so
as 10 to provide [err] = 0 As shown in Fig. 14, a square root of a sum of
[err] is derived so that the slip frequency [err]s is controlled so as to

provide [err] = 0 to conpensate for the variation in the secondary
resi stance. 15 ThenV,de gadendators 7011 ghropghl £4)goutpresémxist he

above- descri beg; &WvoikaBQbV%* $RF andakyeresyst ance variation

conpensation met agai nst the'primary resistance variation. 20
The slip frequency [e'i['h?%gsca:mmqréd(%h tﬂ’ﬁ‘@“ﬁés?%) @ret pengbhteird of the
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[err] axis) g|v nse ary resi stance vari ation
I s conmpensat ed Hyowhikshe howktpuis Oiuil;bepmubtu)lxﬁltﬂwélvaﬂﬂaﬂl.oa31-2| aampti mary

resistance. 30,4_5 are éﬁd@@ ggh &Lg. 6, a phase angle [err] between the
d-q axis and [err] axis | errved according to Fig. 6 using
The V,q calculators output the g-axis wvoltage

10 setting value V,g* to an adder 38.

In Fig. 8, a three-phase-to-two-phase coordinate
transformation block 31 serves to convert primary currents
iu, and iw, of the motor IM detected by means of a CT (current
transformer) into d-axis and g-axis detected currents i,d

15 and i,q, the d-axis current controller (33 and 35) for
performing the PI calculation for a deviation between i,d¥*
and i,d to output the d-axis voltage error AV,d, and the
g-axis current controller (34 and 36) for performing the
PI calculation between i,g* and i,g to output the g-axis

20 voltage error AV.,q.

The adder 37 adds the d-axis setting voltage V,d*
to the d-axis voltage error AV,d to issue the d-axis voltage
instruction V,d. The adder 38 adds the g-axis setting
voltage V,g* to the g-axis voltage error Aqu to issue the

25 (g-axis voltage instruction V,g. The adder 39 is a PWM
(Pulse Width Modulation) circuit which controls operations
of three switching device pairs of the inverter INV1 on
the basis of d-axis and gq-axis voltage instructions V,d and
V,g9. The other inverter controller I, has the same structure

30 as the one inverter controller I,.

Since, in the first embodiment, the decoupling
voltage calculator 10 calculates the ideal voltages of the

primary voltage on the d-axis and g-axis in the equation



an-equation (18) of TABLE 8. In addition, [err] are derived using 16
equatlons (19) and (19)' of TABLE 9. Accordlng to the equation (19)', [err]
is derived and the slip frequency [err]sl®s controlled so that [err]— 0.
Consequent |y, the robust secondary resistance 5 variation conpensation
which is not susceptible to the primary resistance variation can be carried
out. Fig. 15 shows the system configuration for the vector control
apparatus for the three-phase multiplex w nding notor in which the
above-descri bed robust 10 conpensation nmethod is _adopted. Although, in
each vector corftiddl. AbSaPacOBRIAEY MagNe i E1iFa 88d)EBFRRAGKY PWELSRE or
shown in Fi 5. 12ch8 Gl Bhade @upts it hot08 e bEGohtNGIigd s | W1,

nanely, [err] are used, thé same advantages can 15 be achieved even when
the ACR out put 41 rthencdeaaunling, gontrolngodenaidius the ridesle VRREDT It i s

noted that eackJxRiaqd ¢oor tﬁ@mﬁ%atbﬂssé h&uﬁf&enﬁﬁwiﬁgesmiwflq%ﬁ?g lation
applicable to the vector control apparatus for the three-phase ex
w ndi ng not®r 2ghieyedseen described in Figs. 16 through 20. These nmet hods
are based on the res | ét R3S duird ¥ i bRty #h &ﬂff” t he
secondary resi stance%fé Pﬁgﬂsﬁree p gse upl ex%vmkngiing rr[)%orba‘;‘é 1gs. 10
and 11, the samenkrcRodppavatesfinthaathrgetplaseN-nlieznwinding motor

in a second preferred embodiment according to the present

invention.
10 In the second embodiment, the N-plex (N=3, 4, ---)
winding motor is driven by means of the N number of inverters
INV1 through INVN and is controlled by means of the N number
of inverter controllers I, through I,.
Current instructions I,d*, I, d¥*, ---, I,d* and I,g¥,
15 1I,gq*, --- I,g* are 1/N the excitation current instruction
value Io* and torque current instruction I,*.

“Hence, dividers 7 and 8 perform the division of these
instructions by 1/N, respectively. It is noted that the
instructions inputted into each controller 1, through 1,

20 performdivision of the instructions by 1/N. The structure
of each controller 1, to 1, is the same as I, the inverter
controller INV1 shown in Fig. 8.

Fig. 10 shows a system configuration of the vector

control apparatus for the three-phase duplex winding motor
25 in a third preferred embodiment according to the present
invention.

In the third embodiment, the V,q calculators (21
through 26) in the decoupling voltage calculator 10 are
constituted by: amultiplier 21 whichmultiplies the q-axis

30 current instruction value by R,;; multipliers 22-1 and 22-2
which multiply i,d* by 1, by which the power supply frequency
W is multiplied; multipliers 25-1 and 25-2 which multiply
Io* ( = i,d + 1,d) by M by which the power supply frequency



25 " secondary resistance described in the items 1) through 4) can be
achieved. Figs. 10 and 11 show nodifications of the decoupling control

cal cul ations shown in Figs. 8 and 9, resp&tively. Next, the preferred
embodi ments of the vector 30 control apparatus for the three-phase
multiplex (NNplex, N=2, 3, 4, ---N) winding notor will be described
below. Fig. 8 shows a first preferred embodi nent of the vector control
apparatus for the three-phase dupl ex 17 winding notor. It is noted that
Nin this enbodinment is 2. In Fig. 8 |, denotes an inverter controller for
control | i ng opeflatiSoRgléiriipdehand afewdder LAovwhith yadds thier emtpaitss and,

for exanple, |GBE HHesuhaipdiGeserfit apel 85-7 alpkShEhs) 4@l kn a

dsk
main circuit of the one inverter INVl1 and |2 denotes another i nverter
control | er havi Hiet5Ame Ak ShWc gy Eigs Bhe inverter controller I[err] for

controll'ing the operalgiags,ofind hehes WhE£R ngmg@dhﬁé‘&'loth. ”%%héﬂii’@ e
INV2. In Fig. 8 rator

main circuit of the other_inverter , a pulse gen (PG

2 is directPy ctobFage trIqlaiao Ly ﬂﬁ@lﬁﬁ&%fbﬁpﬁmaﬁﬁ-Mi hg4hbtby) IM a
vel ocity det ectywhich I‘-@f@ié{ﬁﬁﬁoﬂukigigiél Peél':&fl?de I R BaeRY! ﬁgg erat or

2 to output a rotor frequency [err] r, a slip Trequency calcl or 4
cal cul ates a s|FP¥FRlRIRSMES PsSIIem ithethex ame iway cas rtlme Fhsstucti on

| o* and the torgaodimdnt instruction I[err]*, an adder 5 adds the

Fig. 11 shows the system configuration of the vector
10 control apparatus in the three-phase N-plex winding motor
in a fourth embodiment according to the present invention.

In the fourth embodiment, the V,gq* calculators (21
through 26) in the decoupling voltage calculator 10 of the
vector control apparatus shown iﬁ Fig. 9 are so structured

15 as the calculators (21 through 26) in the apparatus shown
in Fig. 10.

It is noted that when the field weakening control
at the constant output region is carried out in the first
through fourth embodiments (Figs. 8 through 11) and in an

20 application wherein the magnetic flux is varied in order
to perform the maximum efficiency control, the block shown
in Fig. 7 on the basis of the equation (12) is disposed
so that Io* is set at the first-order advance compensation
from the original excitation current instruction (A

25 d/M)*.

Fig. 12 shows the system configuration with the
secondary resistance variation compensation for the
three-phase duplex winding motor in a fifth preferred
embodiment.

30 In the fifth embodiment, the secondary variation
compensation circuits (44 through 47) are carried out in
the vector control apparatus shown in Fig. 8.

The secondary resistance variation compensation



frequencies of the rotor [err]r and the slip [err]s to output a power
supply angul ar frequency [err], an integrator 6 serves 20 to derive an
angul ar frequency [err] from the power s@&pply frequency [err], a cal cul ator
7 divides the whole excitation current instruction |Io* by the nunber of the
I nverters, nanely, 2 so that each current instruction (i[err]d* and
1[err]d*) to the inverter INVI or INV2 is provided (i[err]d* =1i2d*). 25
Decoupling voltage calculators 10 are constituted by a pIuraIity of

cal culators (11 through 14 and 21 through 26) calculating Verr]d and
V[err]q in the Cééf@éiﬂ-itén(éézﬂ)hrw 4[7érilllﬁl%@$ttﬂ ﬁpbﬁ;*rreggorh%wgmqm) are

constituted by ul,a [ | Q| §e5i ST
(12-1 and 12- 2)(1%&%?[5% ¥ td%rn ﬂ?eggf?yéﬁ &g erfr'§ x?&_lté‘geé i ﬁﬁ:b y which
t he power suppls¢tﬂ:u.aqum1ye [Aeviq* Ké\\frdi”t? [ﬂ)l eud thﬂjvamadmen Mﬁage addi ng
out puts of the ul 2 ol %S hpwn I n
Fi gp 8. ‘ée @[ e%% ca 1%9??55 ?@gr%ﬁ%ﬁc t%})l ggtp " d- axrg setting
vol tage V[ eﬁr] ¢ompgngatidter aglplifhgrv[ ébr | yhdghcupgrdezme21 thier oth 26)
are constitute I r]

Cons f?.\{:uigg':'l'.éh V\ﬁ bt Sfhe? jde%'a%?.oﬁ“f%brﬂ RS s'uF H:‘ﬂog %\ﬁ K the

multipliers 5 ch mul tipl
power supply fmaddadpdjiefeta which mldltl:llpﬂ.ned tlrzensilap fa@quenﬁy Cb;*vﬁrcmh

erv] 5 o b ) BAEh) Bhattnof Shodikien AR choreaopltn desader e
adder 38. R, compensation amplifier 45; and an adder 47 which adds
10 the output of the multiplier 26 to ws* to be outputted to
the adder 5.

The slip frequency WS outputted from the adder 47
and subjected to the secondary resistance variation
compensation is added to the rotor frequency wWr from the

15 +velocity detector 3 by means of the adder 5 to provide the
secondary resistance variation compensated power supply
frequency w . The secondary resistance variation
compensated power supply frequency W 1is used in the
decoupling voltage calculator 10. This control is called

20 a control under the secondary resistance wvariation
compensation.

The secondary resistance variation compensation
circuit 44 to 47 is provided on the basis of the equation
(16), namely, contreols the slip frequency ws to provide

25 Av,d (= 0) so as to provide the secondary resistance
variation compensation for the slip frequency ws.

Fig. 13 shows the system configuration of the
secondary resistance variation compensated vector control
apparatus for the three-phase duplex winding motor in a

30 sixth preferred embodiment according to the present
invention.

In the sixth embodiment shown in Fig. 13 is an

addition of the secondary —resistance variation



In Fig. 8 a three-phase-to-two-phase coordinate transformation bl ock 31
serves to convert primary currents iuferr] and iwerr][he notor | M detected
by means of a CT (current transforner) i220 d-axis and g-axis detected
currents i[err] 15 and i[err]lhe d-axis current controller (33 and 35) for
performng the PI calculation for a deviation between i[err] and ild to
output the d-axis voltage error [err] and the g-axis current controller (34
and 36) for performng the Pl cal culation between iqg* and i[err] output the
g-axis 20 voltage error [err] The adder 37 adds the d-axis setting voltage
V[err]d* to theeWRensation giecaitof44 &ia ¥7)oinsEi@. t® td dhesvectonge

I nstruction [er e = Xl | rjg* to
the g-axis vol t%%netrgﬁ'r %?Sfﬁé?]?@t? ggﬁgls%gﬁfﬂ%aélgés%ag;()?gg\%ﬂ&égge?%/é?#uct i on
Vierr]q. The d&hwsm dm Fdga PWM (Pul se Wdth Mdul ation) circuit which
control s operations of4t 14hChi ' i Lnverfer I NV1 on
the basis of d-axis afrtlg j'rc)f'f ggFg&nvttga{%‘aglge%%go?@g??oﬁ%%fﬁ %%d{’%%ljééﬁﬁ%ﬂ The

ot her inverfer aosmensiatdon 2ckhuguite (ddnetbrough urdy )30 ingduties: onkhe nvert er
controller Ifer ' ign [ dj . li.ng vol t age
cal cul ator 10 csgilbgullg gt%? t4r‘11e f?)%ggglt\%f:g'gggg g&?%’@%?&n%ﬁ?%ﬁ%%eqbn t he
d-axi s and g- aisis woflltegequariabion sextihg)valhe Avaphdar v)nagaethe fl ux

ont ol 1ed i h (NL R LEbR A Ll BRAR TS o Wi S o a1 67 e

the secondary resistance R, compensation amplifier 45 which

10 carries out the PI calculation on this deviation; the
multiplier 46 which multiplies the slip frequency ws* from
the slip frequency calculator 4 by the output K of the
secondary resistance variation compensation amplifier 45;
and the adder 47 which adds the slip frequency Ws from the

15 slip frequency calculator 4 to the output of the multiplier
46.

The secondary resistance variation compensation
circuit performs the secondary resistance variation
compensation by controlling the slip frequency so as to

20 provide Av,g = 0.

Fig. 14 shows the system configuration of the vector
control apparatus with the secondary resistance variation
compensation for the three-phase duplex winding motor in
a seventh preferred embodiment according to the present

25 invention.

In the seventh embodiment shown in Fig. 14, the
secondary resistance variation compensation circuit (41
through 47) is added to the vector control apparatus shown
in Fig. 8.

30 The secondary resistance variation compensation
circuit (43 through 47) includes: a ¢ (phase) calculator
41 which calculates the phase angle ¢ recited in the
equation (18) from the excitation current (d-axis)



contrqQl for the three-phase duplex w nding notor being 5 achieved. Fig. 9
shows the system configuration on the vector control apparatus for a
t hr ee- phase N-plex wi nding notor in a se€dnd preferred enbodi nent according

to'the present invention. 10 In the second enbodi nent, the N-plex
(N=3, 4, ---) winding notor is driven by neans of the N nunber of
inverters INVI through INVN and is controlled by neans of the N nunber of
i nverter controllers I, through IN. Current instructions [err] 15 [J[err]

are 1/N the excitation current instruction value |o* and torque current

i nstruction |, inSEEREEioR; yilddh s andindthe pebTus « RIESR ST B @Xdese
Instructions b}f.nyt.nb.‘uc’iﬁéﬁeﬁ.t&*’el Y- 8 lakfs n%ft’aéé%aﬂ'@tiﬁt(ﬁéﬁr' NS

inputted into each control 1Jerr] through 1[err formdivi si on of
the instructi of3LlEPlaLRr %Khé lﬁ?tlﬁ’ﬂ’éaﬁﬁsé‘agﬂ t8g P’G‘F]iéFiQPe(rQl]rQ@ 1[err]
|s the same as Ay §rie&f€earh*&?r&r€ RGN ?&s?'%oﬁhaw %%h Fig. 10
shows a system cohfiguration of the vector con appara

t hr ee- phaseb dup esndrthei vl kage erzersihVal apd Vg rem the émﬂs z110

according 1o t e aRigseairrdieN(AR) |dbrt1d11Rirkd ﬁrbsaelarreﬁ% the Vizerr]q
calculators (21 through 26) in the decoupling voltage cal cu ator 10" are

constituted bycompansatirner amplifier nul thel i SSCORBAFYaxiReFt a@lﬂerent
instruction Val\rﬁfiaifigﬁeééﬂmeﬂb'éfi&{ 'aﬁﬂp?l.ﬁ:‘&'e%})aﬁg %ﬁi@h%ﬁfbﬂ& ty

iferr]d* by 1[err] by which the power supply frequency [err] |s nmu tlp|led
mul tipliers 25PX anacgsanmm £or nthe i Ggviatdon between] puph & By-amiisch t he

power suppj_d/ f(rSi'ﬂs.Bgyvarlatlon setting value as AV,0* (= 0) and the

error value of AV,0; the multiplier 46 which multiplies

the slip frequency Ws* from the slip frequency calculator

4 by the output K of the R, compensation amplifier 45; and

the adder 47 which adds the output of the multiplier 46

15 to the slip frequency @ s* from the slip frequency
calculator 4.

The secondary resistance variation compensation
circuit (41 through 47) in the eighth embodiment controls
the slip frequency to make AV,0 zero (AV,0 = 0) so as to

20 perform the secondary resistance variation compensation.

Fig. 16 shows the system configuration of the vector
control apparatus with the secondary resistance variation
compensation for the three-phase N-plex winding motor in
a ninth preferred embodiment according to the present

25 invention.

In the ninth embodiment shown in Fig. 16, the
secondary resistance variation compensation circuit (44
to 47) which controls the slip frequency ®Ws to provide A
V,4 with zero shown in Fig. 12.

30 Fig. 17 shows the system configuration of the vector
control apparatus with the secondary resistance variation
compensation for the three-phase N-plex winding motor in

a tenth preferred embodiment according to the present



20-[err] is multiplied; and an adder 19 which adds the outputs of the

mul tipliers 25-1 and 25-2. The other structure is the same as shown in Fig.
8. Since, in the third enbodinment, the détoupling 5 voltage cal cul ator 10
calcul ates the equation (14)' by whi ch the equation (14) is rearranged, the
| deal vector control becones possible in the sanme way as the first

enbodi nent. Fig. 11 shows the systemconfiguration of the vector 10

control apparatus in the three-phase N-plex winding notor in a fourth
enbodi ment according to the present invention. In the fourth enbodi nent,
the Verr]g* cdm¥endd®ns (21 through 26) in the decoupling voltage

cal culator 10 of the YR t6REA PHereRPRBMmSodiMaNt showhdn P1g! €1 B0
structured 15 as the calculators (21 through 26) in the apparatus ‘shown in
Fig. 10. It is th6 S€CORARTVhERSISkARGE:| Heni Agmpensabloncirauibnst ant
out put region i CqrI el (Figs.
8 through 11) a(n %% ézqz‘gﬂi‘éxfﬁ)p %ﬂcﬁc{los:l \i/.\‘lnergg gﬂﬂe magér}{atlc %E‘?{%% vari ed
in order tobperA¥ianshowmyn Fla.elBi gleesyzexnirol, the bl ock shown in Fig.
7.on the basis of {hepegualy efowd thel SedtePeshirs® ddiftrd s hithdinal the
first-order advance conpensation fromt original excitation current
instruction ( [s@Aopdagy Tasiftanee graniatiiep.compensatiem ebreuburfar on with

the the three-phase N-plex winding motor in an eleventh

preferred embodiment according to the present invention.

10 In the eleventh preferred embodiment shown in Fig.
18, the secondary variation resistance compensation
circuit (43 to 47) which controls the slip frequency @
s so as to provide AV, shown in Fig. 14 to be zeroced (A
V, = 0).

15 Fig. 19 shows the system configuration of the vector
control apparatus with the secondary resistance variation
compensation for the three-phase N-plex winding motor in
a twelfth preferred embodiment according to the present
invention.

20 In the twelfth embodiment shown in Fig. 19, the
secondary resistance variation compensation circuit (41
to 47) which controls the slip frequency Ws* so as to
provide AV, 0 tobe zeroed (AV,0 =0) is added to the vector
control apparatus shown in Fig. 9.

25 As described above, the vector control apparatus for
the three-phase N-plex (N = 2, 3, 4, ---) winding motor
can have the following advantages: (1) the decoupling
control can be achieved for the three-phase N-plex winding
motor; (_2) both of the secondary magnetic flux and the

30 secondary current can be controlled in the decoupling
control mode, thus the ideal vector control being achieved;
(3) the current response during the abrupt change in the

torque of the motor can be improved and the torque response



seeondary resistance variation conpensation for the three-phase dupl ex

w nding notor in a fifth preferred enbodi nent. 30 In the fifth
enbodi ment, the secondary variation conp@fsation circuits (44 through 47)
-aré carried out in the vector control apparatus shown in Fig. 8. The
secondary resistance variation conpensation 21 circuits (44 through 47)

i nclude: a substractor 44 which detects a deviation between a d-axis
voltage variation setting value [err] ([err] = 0) and the variation voltage
[err] fromthe d-axis current controller 35; an R err] 5 conpensation

e aesor e HREHREBR P Fl S0, kit 80s48Eah08, PR gtLGE ("
[err]s* from t homensaftieguefuyy tia cmhatibpléxamdntiingomighor Kbetomde R2
Comperal o0, MR 4% 18 Bl Bon el Hhudiiiod? v DiaRRYL 01 (e
[err] OS outputted froDnttisenatiei®that el fiehienakening dentesbaddryhe
e AL R S CN L Y C X T e T e
secondary resi gfar@e waecetion vehiptesatdebardbed sahupley WikLueoty bderr] .
The | Secondary o kisBbaTSS o B B R TRENS st RVAL Rl oL rency
cal | ed so directly related to the present invention.
The entire content of the Japanese Patent
10 Application P10-62534 (filed on March 13, 1998) is herein
incorporated by reference.
Although the present invention has been described
above by reference to certain embodiments of the present
invention, fhe present invention is not limited to the
15 embodiments described above. Modifications and variations
of the embodiments described above will occur to those
skilled in the air in the light of the above teachings.

20

25

30



20 - a control under the secondary resistance variation conpensation. The
secondary resistance variation conpensation circuit 44 to 47 is provided on
the basis of the equation (16), nanely, @bntrols the slip frequency [err]s
to provide 25 [err] (= 0) so as to provide the secondary resistance

vari ation conpensation for the slip frequency os. Fig. 13 shows the system
configuration of the secondary resistance variation conpensated vector
control apparatus for the three-phase duplex winding notor in a 30 sixth
preferred enbodi nent according to the present invention. In the sixth
enbodi nent shown in Fig. 13 is an addition of the secondary resistance
variation 22 conpensation circuit CE g!ﬁﬁ -!jn Fig. 12 to the vector
control apparatus for the three-phase z% ndi ng notor shown in Fig. 8.
It is noted that the secondary resistance variation 5 conpensation circuit

(44 through /§1’7 i e g he subt r"gct or 44 for detecting a_deviayi on\
bet ween the g~ 12 s b% var‘P'atl on 8Pt i ng 926 [@ﬂﬂ (="®Miand {Hd

vol t age errof r] [frgpthe ent c olle congar

resi st ance szgg 1Sat| 6n ar%l ?t;( 1\ﬁ/ni chm%ﬁ)l5 caré’llw& ou{“ﬁf PPI he

cal cul ati on pWdii s|demiz® | on--oMis I’T'Hkt,.ll_&bl er —gh.,Whi CMg:gll' ti plavgs hefid itp
y o

frequency [ef r]s ffomthe slip frequency cal culator 4 t he out pqlt f
t he Vg M2 Mi2P . olz  Ro+LlaP oMy M23P iq
T 0 My3P —soMy3 MaogP —~swM23 R3+ L3P —-smLs isd
\ 0 \,  SoM¢3 M43P saMa3 Mox3P solg R3+ L3P /) \i3q/
...... 4))
Pol - __— - -
T= ; S (M3 (i3disq—izqiqd) + M3 (iadizq—iaqiad)}
Pole - s s . s e
=%  "M{(l1q+i2q)isd — (i1d + izd) izq} [N-m]

Aad = Mysiyd + Moasiad + L3iad @)
A3q = My3i1q + Magiaq + L3izq

M M
iad = i Xsd—"'—"i id — —= jod
L3 L3 L3
S G (4)
. My3 | M2s |
i3q =~ daq — —2 g — —= ixq

L3 L L3



secondary resistance variation conpensation anplifier 45, and the adder 47

whi ch adds the slip frequency [err]s fromthe 15

slip frequency cal cul at or

‘4 to the output of the nultiplier 46. They secondary resistance variation
conpensation circuit perforns the secondary resistance variation

conpensation by controlling the slip frequency so as.to 20" provide [err]
0. Fig. 14 shows the systemconfiguration of the vector control

appar at us

with the secondary resistance variati on conpensation for the three-phase
dupl ex winding notor in a seventh preferred enbodi nent according to the

present 25 invention,

added to the vector control

In the seventh enbodi nent shown in Fig.
secondary resistance variation conpensation circuit (41 through 47)
apparatus shown in Fig. 8. 30

t he
is
The

14,

secondary resistance variation conpensation circuit (43 through 47)

i ncl udes:
[err][

recited in the equation (18) Fr

a [err] (phase) cal cul ator 41 which cal cul ates the phase angle
itation current (d-axis)

23 instruction i[err]d* and the torque current (g-axis) instruction ilg*; a
[err] -axis yolugge variation ( [err]) calculator 42 which calcul ates a
vol tage vari aWCpE (érro;) [errp reciteggl in thg equatigpn (18) of rom (rilgi\phase
. . . 1)
angle 5 [efr] @ndf the voltage errors [err] fromthe d-axis and :
hq 0 1 0 0 0 0 i1q
kd | 0. ) 1 0 0 0 iod
i2q 0 () (i 1 0 (i} i2q
. M3 M23 1 0
iad e - 0 —_—
Ly L3 La Aad
. M43, Ma3 1
isq 0 —_— 0 —_—— —— by
\ \ Ls _ Ls L3 \ #{J
...... (5)
My3? Mﬁ’ M1aMos M - M M
(Rt (li—gp  —ofL M 13M23 ) o m 13M23 13 . Mia N
Ls ) i L ) (Mq2 Ls ) © (My2— Ls ) = P m—L—3—
o (L1 —M)P R+ (L1_’i'iz)p o (M2 M13Mas } (M4 M13M23 )P ﬂ’. M.
. Ls L3 © L3 : L3 Ls La
M23M13 _ My3Mas Mz3? M232 M M
(Mi2————=)p —©(M1a— Bo+ (Lo— 23 —w il .23 M3 M2
Ly ) (12 L3 ) Pl L3 » otz L3 ) L F @ L3
My3M23 . MazM4g M23? Mo3? M M-
® (Mg ————== Mijsg——=2"12 )P ol —— =2 -2 A
Ls )} (M2 > ) (L2 > ) Ra+ (Lo > P o L
My3 M23 R3
—Rya— o ~Ry—== 0 —_— -
Ls 3 L3 Ls +P s
X . M R
0. R;— -2 . =



g-axis current (ACR) controllers 35 and 36; the R2 conpensation anplifier
(the secondary resistance variation conpensation anplifier) 45 which
performs the Pl calculation for the devigfion between such a 6 -axis 10
voltage variation setting value as [err] (= 0) and the error value of [err]
the multiplier 46 which nultiplies the slip frequency [err] fromthe slip
frequency calculator 4 by the output K of the R2 conpensation anplifier 45;
and the adder 47 which adds the output of the nmultiplier 46 15 to the slip
frequency [err] s* fromthe slip frequency calculator 4. The secondary
resi'stance variation conpensation circuit (41 through 47) in the eighth
enbodi nent controls the slip frequency to nake [err] zero ([err] = 0) so as
to 20 performthe secondary resistan i atl conpensation. Fi-g. 16
shows the system configuration of thequxiaiftggfrol apparatus with the
secondary resistance variation conpensation for the three-phase N plex

w nding notor in a ninth preferred enbodi nent according to the present 25

i nvention. g Q} ni nt h enbodi nrent shown in Fig. 16, the secondary

resi stance varitatli on conpensation circuit (44 to 47) which controls the
slip frequen¢wsfgrr]s to provide A Vierr]d with zero shown in Fig. 12. 30
Fig. 17 shows thg system configuration of the vector control apparatus with
t he secondary Vieddi st ance vari ati on conpensation for the three-phase N plex
wi ndi ng not o v&g'a Tenth preferred enbodi nent according to the present

0
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iq
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24 'invention. In the tenth preferred enbodi nrent shown in Fig. 17, the

secondary resistance variation conpensation circuit (44 to 47) which

controls the slip frequency [err]s so tl2at 5 [err] shown in Fig. 13 gives

‘zero. Fig. 18 shows the vector control apparatus with the secondary

resistance variation conpensation circuit for the three-phase N-plex

wi nding notor in an el eventh preferred enbodi nent according to the present

i nvention. 10 In the el eventh preferred enbodi rent shown in Fig.

18,  the secondary variation resistance conpensation circuit (43 to 47)

whi ch controls the slip frequency [err] s so as to provide AV[err] shown in

Fig. 14 to be zeroed ([err] V[err] = o) Fig. 19 shows the

system configuration of the vector E]?AB*—@& atus with the secondary

resi stance variation conpensation for the three-phase N-plex w nding notor

in a tmelfth,ﬁre erred enbodi ment according to the present |nvent|0£ ZQ

In the twe sh Fig the se dary Mesrstawp .
Vil %P agmw%) 49%9 E5MG cfh%

vari ati on conpens t| ohn rcul whi ch control S tlﬁﬁ sIT ‘B“I; g ncy
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vector conizgl RAGORLM |beU hgve
t he vector 3§1t pa?%?ﬂ% ALM?Ee three phase plex (Efta BZ, q )
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not'or ;= (2) both of the secondary nmagnetic flux and the 30 secondary
current can be controlled in the decoupling control node, thus the ideal
vector control being achieved; (3) the c@3Prent response during the abrupt
change in the torque of the notor can be inproved and the torque response
25 can be inproved; (4) the secondary resistance variation conpensation for
the mul tiplex w nding notor becones possible and the torque control
accuracy can be inproved. It is noted that the field weakening control and
the 5 maxi mum efficiency control (applicable to a drive source of an

el ectric vehicle) described above will not be explained in details since
these control nethods are not so directly related to the present invention.
The entire content of the Japanese Patent 10 Application P10-62534 (filed
on March 13, 1998) is herein incorporated by reference. Although the
present invention has been described above by reference to certain

enbodi nents of the present invention, the present invention is not limted
to the 15 enbodi ments descri bed above. Modifications and variations of the
enbodi nents descri bed above will occur to those skilled in the air in the

| i ght of the above teachings. 20 25 30

TABLE 5

0 = M(i1q + i2q) + L3isq

. . M . .
S.oisg= —-—-l-_-;— (1q+iq) ...... 9)
i1q + izq_—_ —_ —I;Ma- i3q aaene (1 0)

=—Rg3'i1g — R3' i2q + osM' - A3d /M

Rg' (g +i2q)
M Azd/M

s =



26 'TABLE 1 [err] [err] 27 TABLE 2 [err] 28 TABLE 3 [err] 29. TABLE
4 [err] 30 TABLE 5 [err] 31

TABLE 6

0=—R3'itd —R3'i2d+{R3'+ M'P) A3d /M

itd + i2d=(1+—£'- P)-Asd/ M . (12)
T= Pole . . . .
== M { (i1q + i2q) iad — (i1d + i2d) i3q}
Pole . . s
== - M{—(d+ d)iq} e (124)
Cid=0 (12B)

C M (1d+ iod) (4a + i2))

M (igd + iod) (4q + T2Q) e (13)
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[err] 31 TABLE 67[err] 32 TABLE 7 [err] 33 TABLE 8 [err] 34 TABLE

9 [err] 35 WHAT IS CLAIMED | S: 32

TABLE7

Vid = Ryiyd — 0f4i1q — oMo (isq + i2q) 3
Viq = ©@4i1d + Riiyd + oMo (i1d + i2dHoM' - Azd /M
Va2d = Raizd — wf2i2q — oMo (i1q + i2q)

Voq = 0 f2iod + Raiaq + oMo (i1d + iodHoM' - Azd /M

Vid = Ryi1d — 0£4i1q — oMo (i1q + i2q) 3
Vig= o@4i1d + R4i1q + o (Mo + M') (i1d + i2d)
= ©f4i1d + Rqi1q+ oM (i1d + id)

Vad = Raiod — wfaizq — oMo (i1q + i2q)
Vaq = @2i2d + Raiaq + o (Mo + M') (i1d + i2d)

= ©f2i2d + Raiaq + oM (i1d + iad)



1.~ A control apparatus for a three-phase nultiplex w nding notor,
conprising: 5 a plurality of inverters, each inverter operatively
driving a correspondi ng w nding couple of33nul ti pl ex wi ndi ngs of the notor;
a plurality of controllers whose nunber corresponds to that of the _
inverters, each controller controlling an 10 operation of a correspondi ng
one of the inverters, each controller including: a decoupling voltage
calculator for calculating d-axis and g-axis voltage setting val ues VI d*
and VIg* on the basis of an excitation instruction value Io*, a torque
instruction value IT*, d-axis-and-qg-axis 15 current instruction val ues
ild* and i[err]Jg* which are quotients of the excitation instruction val ue
|l o* and the torque instruction value IT* divided respectively by the
mul ti pl ex nunber N of the wi nding couples of the notor, and a power supply
frequency [err] which is an addition of a slip frequency 20 as to a rotor
revol ution frequency [err]r; a d-axis-and- g-axis current controller for
perform ng proportional - and-integrat| t;giiiions for respective
devi ati ons between d-axis current inshfZ\Ef ue i[err]d* and its
detected value i[err]d and between g-axis current instruction 25 val ue
ilg* and its detected value iq so as to derive d-axis and g-axis vol tage
errors [err]; and a plurality of PWMcircuits, each PW circuit receiving
d-axis and g-axis voltages V[err]d and V[err]q as d-axis and d-axis voltage
instructions and generating and outputting gate signals 30 to the
correspondi ng one of the i nVaBrRthdiceokahfig to the d-axis and g-axis

vol tage instructions so as cont..ol . the .operation of th orrespondi n
one 019 the inverters, Rﬁq:c%rm]q- OIJLGH(P-O- Fﬁnq ...... 85? P g

= olyitd + Riiqq

0S= S * + A®S = 0S * + Kos *

= (14K) os *

= . Ba'x | Ik

= (1+K) wE ok T (16)
|aVy | =/(avid)2+ (aV4q)2 e (17)
¢ =tan "1 M gant T (18)
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the d-axis and d-axis voltages being respective additions 36 of the
d-axis and g-axis voltage setting values V[err]d* and V[err]qg* received
fromthe decoupling vol tage cal cul ator t®4d-axis-and-g-axis voltage errors
[err] outputted fromthe d-axis-and-g-axis current controller. 2. A
control apparatus for a three-phase nultiplex wnding notor as clained in
claim1, wherein the decoupling current controller of each controller
calculates as follows: [err] 10 [err] [err] a resistance corresponding to
one phase in a first winding of the nmultiplex wi ndings, L1 denotes a self

i nduct ance correspondi ng one phase in the first w nding, Mdenotes 15 a
mut ual 1 nductance between each wi nding of the multiplex w ndings, and L3
denotes a self inductance correspondi ng one phase of a rotor of the
mul ti pl ex wi nding notor. 3. A control apparatus for a three-phase
multiplex 20 winding notor as clained in claim2, wherein the nultiplex
nunmber N of the nmultiplex wndings is 2 and wherein the nunber of the
inverters is 2, a first inverter driving the first winding of the notor and
a second inverter driving a second wi nding of the notor. 25 4. A control
apparatus for a three-phase multiplex winding notor as clainmed in claima1,
wherei n the decoupling

TABLE 9

AVyy cos ¢ cos (90°— ¢) AV4d
AV4d —sin ¢ sin (90°— ¢) AV4q
cosd sing AV4d
= R (19)
—sin$ cos ¢ AV4q

..AV1d = —AV4d sin ¢ + AV4g cos ¢ g (19)’



vol-tage cal cul ator calculates as follows: [err] wherein [err] denotes a
resi stance corresponding to one phase of a first winding of the nultiplex
wi ndi ngs of the nultiplex winding notor, 3§ err] 37 denotes a self

i nduct ance corresponding to one phase of the first winding, Mdenotes a
mut ual i nductance between each wi nding, L3 denotes a self inductance of a
rotor of the nmultiplex winding notor. 5 5. A control apparatus for a

t hree- phase nmulti plex winding notor as clainmed in claim4, wherein the

mul tiplex nunber N of the nultiplex windings is 2 and wherein the nunber of
the inverters iWHAT JSiGE-AImlngSﬁ driving the 10 first winding of the
not or and a second inverter driving a second winding of the notor. 6. A
control apparatus for a three-phase nultiplex winding notor as clained in
claim 2, whereik eachAcefREBPL caPRBratUF t a dbrge-phaseamuibipheiar y

resi stance var&ﬂdﬂ%ms%ﬁgigg_ﬁggit I ncluding: a subtractor for
deriving a deviati on between a d-axis Voltage variation preset value ([err]
= 0) and th& d-axis valplkiraldityoef faverteassi wash tovexter dpaxativellyg- axi s
current controld.£fvify SEC USSR i _{ﬁ&g@ hati ation
anplifier for _pgr_ ormsng a prg;%))ortilrhgﬁa?-an - n?ég?%?i Ooﬁi”ggﬁéﬁ@ﬁé%ﬂ for

t he devi ati on dekdiags ofmthieemotbrsactor; a slip frequency

a plurality of controllers whose number corresponds

to that of the inverters, each controller controlling an

10 operation of a corresponding one of the inverters, each
controller including: a decoupling voltage calculator for
calculating d-axis and g-axis voltage setting values V,d*

and V,g* on the basis of an excitation instruction value

Io*, a torque instruction value I,*, d-axis-and-g-axis

15 current instruction values i,d* and i,g* which are quotients
of the excitation instruction value Io* and the torque
instruction value I.,* divided respectively by the multiplex
number N of the winding couples of the motor, and a power
supply frequency @ which is an addition of a slip frequency

20 ws to a rotor revolution frequency wr; a d-axis-and-
g-axis current controller for performing proportional-
and-integration calculations for respective deviations
between d-axis current instruction value i,d* and its
detected value i,d and between g-axis current instruction

25 value i,gq* and its detected value i,q so as to derive d-axis
and g-axis voltage errors AV,d and AV,q ; and a plurality

of PWM circuits, each PWM circuit receiving d-axis and
g-axis voltages V,d and V,q as d-axis and d-axis voltage
instructions and generating and outputting gate signals

30 to the corresponding one of the inverters according to the
d-axis and g-axis voltage instructions so as to control

the operation of the corresponding one of the inverters,

the d-axis and d-axis voltages being respective additions

) DR O l



cal’culator for calculating the slip frequency [err]s* on the basis of the
excitation instruction value Io* and the torque 25 -instruction value |IT*;
amltiplier for multiplying the slip fr8§uency [err]s* by an output K (K
denotes a secondary resistance varaition rate) of the secondary resistance
vari ation conpensation anpllifier; and an adder for adding the slip
frequency [err]s to the output of the nultiplier to 30 provide [err]s*(l +

K. 7. A control apparatus for a three-phase mJIti pl ex wi ndi ng notor as
clainmed in claim6, wherein err&ls = [err]s*+ 8 [err] wherein [err]
denotes a resi s‘ffarﬂ’@ oA%dSpeRd; i d’r?étﬁﬁﬁsﬁeBFl’égrYﬂ es)\iVaff ngndf t he

t hr ee- phase wi r\qqngraaéﬂfred F%ﬁém]ﬁl@mo%ﬂngebomhgs ealéﬁlaéor M *

denotes a set value of M A control apparatus for t hr ee- phase
nul tiplex wi nd|41'g”1’ﬁtﬁ‘6’|nda§ aripn¥altage| errers AN aid Aa‘éahoummtmd er

further conpri sa%nd t3RC AAH Y -bAALGLARES MiFrait Yonkdoi1GeRENSAtioN Ccircuit
I ncluding: a subtractor for deriving a deviation between a g-axis voltage

vari ation p?eset value ([err]Jg* = 0) and the g-axis voltage error [err]
derived fromthe d- aXAScéﬂdr&laéb?afé.'fﬁ@“fofoﬁt fﬁféérphe?sé Yex
resi stance varjation ensation fier pertor . ng a

proportional - amnqatr@gpa'@%ﬁsﬁwe& HBﬁlﬁé-Fﬂ Jeh&'hGEW-Etﬁh@ndﬁ@‘Pmmeg romthe
subtractor; a shifrentedesReYoLRLUbet WadlP! co6AtFEL BéF NealiRG18kER f4£quency

ferr]s* on the
follows: V,d* = i,d* x R, - i,g* x 1,.xw - I,* x MO x @ and

10 Vvig*¥ = ig¥* xR, + 1,d* x 1, Xx W + To* x MO X w + Jo*x x M’
X w, wherein 1, =L, ~-M, MO =M - M*/L,, M' = M*/L,, R, denotes
a resistance corresponding to one phase in a first winding
of the multiplex windings, I, denotes a self inductance
corresponding one phase in the first winding, M denotes
15 a mutual inductance between each winding of the multiplex
windings, and L, denotes a self inductance corresponding

one phase of a rotor of the multiplex winding motor.

3. A control apparatus for a three-phase multiplex
20 winding motor as claimed in claim 2, wherein the multiplex
number N of the multiplex windings is 2 and wherein the
number of the inverters is 2, a first inverter driving the
first winding of the motor and a second inverter driving

a second winding of the motor.

25
4. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 1, wherein the decoupling
voltage calculator calculates as follows:
vid¥ = 1i,d* xR, - igx 1l xow - I* Xx MO X o and
30 Vig*¥ = 1,g* X R, + 1,d* x 1, x v + Io¥* X M x o,

wherein 1, = 1, - M, Mo =M - M*/L,, R, denotes a resistance
corresponding to one phase of a first winding of the

multiplex windings of the multiplex winding motor, L,

A



basis of the excitation instruction value |Io* and the torque instruction
value I T*; a multiplier for multiplying the 20 slip frequency [err]s* by
an output K (K denotes a secondary resi st¥hce varaition rate) of the
secondary resistance variation conpensation anpllifier; and an adder for
adding the slip frequency [err]s to the output of the nultiplier to provide
[err]s*(] + K). 25 9. A control apparatus for a three-phase nultiplex

wi nding notor as claimed in claim2, wherein each controller further
conprises a secondary resistance variation conpensation circuit including:
a vol t age vari 2RISR & A dndugipneecaperesRending tomong phase of

absol ute val ue phe &Mt 48aYAL Ak RhdiY b REEUEEN A1 BetRbbAge

error A Vd and the g-axis voltaé]%e error [err] derived fromthe
d- axi s- and- q- ax@ack WkingG ok rdgnaties 8 selfolnduectaneeoff & resorvpfig a

devi ation bet weghe anyPtifA%k VANA@hgORoRbeset value [err] (Vierr]* = 0) and
the absol ute value of the voltage variation [err]; a secondary resistance

variati on c8npensation anplifier for performing a 5

proportional -angl-int eqr @oneto1 apparhehsORor Eorthrehhghﬁgéi ﬁhi@ﬂpfﬁﬁi ved
fromthe subtractor; a slip fre uencg cal culator for calculating the slip
frequency [ err]%ingingpotpzs Fusilaivediin cdrimibt wharpintthemudbipdexe | o*

and the torque duifidie) i ofd e kheied "y fald 1 R lankOlnBubihPLILNO the
10 slip frequency [err]s* by an output K (K denotes a secondary
number of the inverters is 2, a first inverter driving the
10 first winding of the motor and a second inverter driving

a second winding of the motor.

6. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 2, wherein each controller
15 further comprises a secondary resistance variation
compensation circuit including: a subtractor for deriving
a deviation between a d-axis voltage variation preset
value (AV,d* = 0) and the d-axis voltage error AV,d derived
from the d-axis-and-g-axis current controller; a secondary
20 resistance variation compensation amplifier for
performing a proportional-and-integration calculation for
the deviation derived from the subtractor; a slip frequency
calculator for calculating the slip frequency ws* on the
basis of the excitation instruction value Io* and the torgque
25 instruction value I, *; a multiplier for multiplying the
slip frequency ws¥* by an output K (K denotes a secondary
resistance varaition rate) of the secondary resistance
variation compensation ampllifier; and an adder for adding
the slip frequency ws to the output of the multiplier to
30 provide ws*(1 + K).

7. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 6, wherein ws = wsk+
\
—_—
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resi stance variation rate) of the secondary resistance variation
conpensation anplifier; and an adder for adding the slip frequency [err]s
to the output of the nultiplier to provid® [err]s*(l + K). 15 10. A
control apparatus for a three-phase nultiplex wi nding notor as clained in
claim9, wherein [err] = [err] 20 11. A control apparatus for a

t hree- phase multi plex wnding notor as clainmed in claim2, wherein each
controller further conprises a secondary resistance variation conmpensati on
circuit including: a phase _angle cal culator for calcul ating a phase angle
[err] between tHen8=qastisKask 241 nKawst= EkitsKbn R,N&/BA%| <87 Iohe
excitation currgdrdiis R UG I(?IZLWJR%? Ners hf/Lar)dRst a@néeégtéer‘égiéﬁg.fxﬁ%

i nstruction val ue i [errfq*, e excitation cdrrent instruction v

i[err]d* and tROTRRSPRAGRS i OBt Phese offval Roted nlndinee of vthy
derived T1om ! Nn R idrilsePH1hashy W K241 BeAltelta tlvhiBe! Ok HI°
instruction value | T* ~a voltage vari ation calculator for calculafing a 6
-axi s vol t age @9 Miorlemotesaacseli vglue ehdid- axis voltage error A
Vlerr]d and the g-axis voltage error [err] derived fromthe 40
d-axis-and-g-axis current controller and the derived phase angle [err] ; a
subtractor for &eriving goBEyeLtarpAtRiuRedors g dhrpe-phasevoulbiplenriation
preset val ue [ gifdaind MESF hs'craithbadific Hfm b WHered®tl SaMPLbAGECYRELALT ON

[err]; a secondary resistance )
further comprises a secondary resistance variation

10 compensation circuit including: a subtractor for deriving
a deviation between a g-axis voltage variation preset value
(AV,g* = 0) and the g-axis voltage error AV,q derived from
the d-axis-and-g-axis current controller; a secondary
resistance variation compensation amplifier for

15 performing a proportional-and-integration calculation for
the deviation derived from the subtractor; a slip frequency
calculator for calculating the slip frequency ®s* on the
basis of the excitation instruction value Io* and the torque
instruction value I, *; a multiplier for multiplying the

20 slip frequency ws* by an output K (K denotes a secondary
resistance varaition rate) of the secondary resistance
variation compensation ampllifier; and an adder for adding
the slip frequency ws to the output of the multiplier to
provide ws*(1 + K).

25
9. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 2, wherein each controller
further comprises a secondary resistance variation
compensation circuit including: a voltage wvariation

30 absolute value calculator for calculating an absolute
value of a voltage variation |AV,| between the d-axis

voltage error AV,d and the g-axis voltage error AV,q
derived from the d-axis-and-g-axis current controller; a

* [ L M S *




5. *vari ation conpensation anplifier for performng a

proportional -and-integration cal cul ation for t he devi ati on derived
fromthe subtractor; a slip frequency caB@ul ator for calculating the slip
frequency [err] s* on the basis of the excitation instruction value |o* and
the torque 10 instruction value IT*; a nmultiplier for nultiplying the slip
frequency [err]s* by an output K (K denotes a secondary resistance
variation rate) of the secondary resistance variation conpensation
amplifier; and an adder for adding.the slip frequency [err]s to the output
of the nultipl S¥ptrgcter fogyideriving & (deviatiom betwegnc ghtveltagspar at us
for a three- phagei@tibhPbRssdt RALAEG VA P7, %S ) ahfPthd '&b%bih?é]\;'?l%@er ein

t he phase angle [err] calcul ator cal cul ates the phase angle [err et ween
20 the d-q axiof &he vedtpeer yazkatier | HVidwsa peeopdany resistancel

apparatus for arhLeeovRhaeempehkhisy Walgh N &Pt OFoasS ﬁéxﬂfdﬁﬁr{g‘ ¢ aim 12,
wherein [err] 25 [err] 14. A control apparatus for a three-piase
mul ti pl ex w ndPF§PREtdenad -andriptegrakion m Falgwlatijom ¢ hdioxonphtisses:

current transf geREtibar adeieedi Aok hd MR raltogyr aegizgg Lfﬁ%%&t%%necﬁpd

iwerr] flow ng fromthe correspondi ng one of the invert
t hr ee- phase nulcalpudatarntioncalsudatiagdthe willigr frgqueneytos*fan et ecti ng

the revol ution E%@?.‘éqai{ £hé k¥c12htiBR inStPuctiohRa1Ta R+ 4R tHa Sidheach

controller
instruction value I,*; a multiplier for multiplying the

10 slip frequency ws* by an output K (K denotes a secondary
resistance variation rate) of the secondary resistance
variation compensation amplifier; and an adder for adding
the slip frequency ws to the output of the multiplier to

provide ws*(1l + X).

15
10. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 9, wherein |AV,| =
¥ {(AVd*+ AV, dfh

20 11. A control apparatus for a three-phase multiplex

winding motor as claimed in claim 2, wherein each controller
further comprises a secondary resistance wvariation
compensation circuit including: a phase angle calculator
for calculating a phase angle ¢ between the d-q axis and
25 a yvy—- 0 axis on the basis of the excitation current
instruction value i,d* and the torque current instruction
value i,q*, the excitation current instruction value i,d*
and the torque current instruction wvalue being
respectively derived from the excitation instruction value
30 To* and the torque instruction value I,*; a voltage
variation calculator for calculating a 0 -axis voltage
variation AV,8 according to the d-axis voltage error A

V,d and the g-axis voltage error AV,q derived from the

_—
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I nCludes: a rotation phase determ nator for determning a rotation phase
[err] of the rotor of the notor according to the power supply frequency
[err]; and a three:-phase-to-two- phase cd® dinate transforner for
transformng the two 5 phase currents iu[ferr] and iwerr] fromthe current
transforners into the d-axis detected value i[err]d and g-axis detected
value iLqg receiving the rotation phase 0. 15. A control apparatus for a

t hree-phase nmultiplex 10 w nding notor as clainmed in claim 14, whicch
further conprises a first-order phase advance conpensation filter having a
characteristic fepfbSmrdwxiEcursgnirceptrollsr apfdihs derived phieset es a
resi stance corr b0yt S f il L 0di g, the 15

t hr ee- phase w nﬁlﬁg@g‘%f % ,&an Pg gogi(}%elrvg'ﬁ g}l\a%%‘éér]g’f% b(eg:/w(ﬁe)n, 2and
outputting the &x@*ia vehtagevariatsonpreset! valae dindah (Vopot £ar) anditation
I nstruction val l * . el esr| o Llerr]d
denotes a d-axigﬁ%gr r%%'{d géﬂfy%e?’ﬁgwéﬁé'g?%vyh%i’r?gggééﬁ?%;gg %tsgé'“ged-axi S
current in Phe RELRHLOR ndroRpensation AappAifderapfarat Rerforminghr ae- phase

mul i plex i ndl pgos Oforms il TatebPatish™  8a18beALISH CaCkoLS ghgtiroller

further conprises a secondary resistance variation conpensation circuit
i ncludi ng: a sulR¥iatinen deriyed fray thelcsubkkragtdist wesdip fregieneyl t age

i ati AT ;X1 8 V e eryor Vierr]d
fori ved from t R T ttaedn 2k caloblathifl i S fretfidd3f ol 3o gl I
resi stance variRR§¥noE Hhearakialidoming trugtion valud Sofrang the torque
propor t i onab- anthdtihRA¥ Va1t $W Atd MrftAp1iBe 0¥ AbhDpfgihyedhlr om the

subtractor; a slip
slip frequency ws#* by an output K (K denotes a secondary

resistance variation rate) of the secondary resistance

variation compensation amplifier; and an adder for adding

the slip frequency ws to the output of the multiplier to
15 provide ws*(1 + K).

12. A control apparatus for a three-phase multiplex

winding motor as claimed in claim 11, wherein the phase

angle ¢ calculator calculates the phase angle ¢ between
20 the d-q axis and the y-§ axis as follows:

¢ = tan™i,q/i,d = tan™'I */Io*.

13. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 12, wherein AV,§ = A
25 V,dsing + AV,gcos¢.

14. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 3, which further
comprises: current transformers for detecting two phase
30 currents iu, and iw, flowing from the corresponding one of
the inverters to the three-phase multiplex winding motor;
and a velocity detector for detecting the revolution speed

wr of the rotor of the motor and wherein each controller



frequency cal cul ator for calculating the slip frequency 42 [err]s* on
the basis of the excitation instruction value |Io* and the torque
instruction value IT*; a multiplier f or4dultiplying the slip frequency
[efr] s* by an output K (K denotes a secondary resistance varaition rate)
of the secondary 5 resistance variation conpensation anpllifier; and an
adder for adding the slip frequency [err]o s to the output of the
multiplier to provide [err]s*(l + K). 17. A control apparatus for a

t hree-phase nmultiplex 10 w nding notor as clainmed in claim4, wherein each
control | er furtingludessr ieszotatienophksy detsmtinatory forafdeberninprgsati on

circuit including; t or, f rivj I.ation _between a g-axis
vol tage vari at iao%oﬁggg'ép é/}g#élfe 6( [og F ﬁ%*réﬁ:%? O%ngﬁ¥%°5£5ﬁ°§°\£§llpgg Oerror
[err] derived fthempbwert sepgigxfreguency awi; anduar ¢hireeephaset €6+ two-

secondary resi e 4. ati 0 G i.fi.er for
performng a p%tf)&o%%t i%ono\ﬁlzﬁmﬁ n read] %%;O%Itaﬁa?{%ﬁﬁ\gnet%eﬁ%?i on
derived froh t iphasgbicuaceots ausland fiwegiiront ythea lcumirendr tfansfatmetat i ng
the slip frequ 00 | 8.0 xeltatdan j.nstruction
val ue 10* and ﬁlg%t%?%geglgﬁéthr% t}c%tgﬁtgﬁa\?/%%%%&l&?d?%ﬁ? idpelq'ieecrt Yafue

mul tiplying the.,gl recéiehngnthe [mytationbphaseodt.put K (K denotes a
secondary resistance varaition rate) of the secondary resistance variation
conpensation anpllifier; and an adder for adding 25 the slip frequency
[err]s to the dAd.put Bfcoireredllgpparadust Eopr avitheegephdsé (hultiPlex

10 winding motor as claimed in claim 14, whicch further

comprises a first-order phase advance compensation filter
having a characteristic represented by (1 + M'/R,'-P),
wherein R," = (M/L,)*R,, M’ = M?/L,, R, denotes a resistance
corresponding to one phase 6f a rotor winding of the
15 three-phase windingmotor, and P is a differential operator
(d/dt), and outputting the excitation instruction value
Io* from an inputted excitation instruction value (4
3d/M)* , wherein A3d = M;,(= M) i,d + M,( = M) 1,4 + L,id
A3d/M = i,d + i,d, wherein i,d denotes a d-axis current
20 in the first winding and i,d denotes a d-axis current in

the second winding.

16. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 4, wherein each
25 controller further comprises a secondary resistance
variation compensation circuit including: a subtractor for
deriving a deviation between a d-axis voltage variation
preset value (AV,d* = 0) and the d-axis voltage error A
V,d derived from the d-axis-and-g-axis current controller:;
30 a secondary resistance variation compensation amplifier
for performing a proportional-and-integration calculation
for the deviation derived from the subtractor; a slip

frequency calculator for calculating the slip frequency

—_—
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18- A control apparatus for a three-phase nultiplex w nding notor as
claimed in claim4, wherein each controller 30 further conprises a
secondary resistance variation conpens# on circuit including: a voltage
vari ation absol ute value calculator for calculating an absolute value of a
voltage variation [err] between the d-axis 43 voltage error [err] and
the g-axis voltage error [err] derived fromthe d-axis-and-g-axis current
controller; a subtractor for deriving a deviation between a voltage
variation preset value V[err]* (V[err]* = 0) and the absolute value 5 of
the vol tage var &% on the rhasissefotherexaidaitdioantestouetion valmepEakat i on

anpl i er 'Tor paid 06id Neofa OB RAA ARl 9G4t AORu1 51 Fk akppn  Tor

the deviation derived fromthe subtractor; a slip frequency ¢ : for
cal cul ati ng t hamgliipkving the plipdreguencyide* by atbastpubK (Kidepmtesat i on

instruction valalesd¥ndid agisRaAue vASA{ A Qb e ‘the ﬁaga}fh gl i er
for multiplying the slip frequency [err]s* by an output K ( enotes a
secondary r@si JtefikEangs vartation epmpensakicravplibifiernsandancadderi ati on

conpensati-on a Lfleqs ﬁip f %di e Lp f ncy
[err]s to the %%u%ﬁjfn?%%tl pgrgr eg)l% roa?/igd%é[iél&?]%é&éqt +5§?#ﬁ?[9. A
control appar atliimlien hoeprovide end*(ilpHeX)wi nding notor as clained in
claim4, wherein each controller 20 further conprises a secondary

resi stance variation conmpensation circuit including: a phase angle
cal cul at or 17. A control apparatus for a three-phase multiplex

10 windingmotor as claimed in claim 4, wherein each controller
further comprises a secondary resistance variation
compensation circuit including: a subtractor for deriving
a deviation between a g-axis voltage variation preset value
(Av,g* = 0) and the g-axis voltage error AV,q derived from

15 the d-axis-and-g-axis current controller; a secondary
resistance variation compensation amplifier for
performinga proportional-and- integration calculation for
the deviation derived from the subtractor; a slip frequency
calculator for calculating the slip frequency ws* on the

20 Dbasis of the excitation instruction value Io* and the torque
instruction value I,*; a multiplier for multiplying the
slip frequency ws* by an output K (K denotes a secondary
resistance varaition rate) of the secondary resistance
variation compensation ampllifier; and an adder for adding

25 the slip frequency ws to the output of the multiplier to

provide ws*(1 + K).

18. A control apparatus for a three-phase multiplex
windingmotor as claimed in claim 4, wherein each controller
30 further comprises a secondary resistance variation
compensation circuit including: a voltage variation
absolute value calculator for calculating an absolute

value of a voltage variation | AV,| between the d-axis
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for calculating a phase angle [err] between the d-q axis and a [err] axis
on the basis of the excitation current instruction value i[err]d* and the
torque current instruction 25 value i[edd]g*, the excitation current
instruction value i[err]d* and the torque current instruction val ue being
respectively derived fromthe excitation instruction value |Io* and the
torque instruction value I[err]*; a voltage variation calculator for
calculating a 6 -axis voltage 30 wvariation [err] according to the d-axis
vol tage error A Vlgrgr]d and the g-axis voltage error [err]q derived from

t he d-axis-and-¥p Qﬁc%#’?%tAé‘bat ABA| dheasraxHe Foditage sraxox ahile [err];

a subtractor fQferSfdd/ EROmALHE\d-2xid1 aPRALWEBR13 curréhd SohlrdihgrVoht age
variation preset value [err] (égqerr]_ = 0) and the [err] -axis voltage
variation [err|SUPERAFHarkPT & @%_%a‘??‘é?qfe‘r?%&ﬁ;m Y idnvekprgei er for
performng a prméﬂiw%réaét 1R Q¥ 00 * =C6Y elarth@Bbsdi%te vhlEe ©

devi ation derived fromthe subtractor; a slip frequency cal culator for
cal cul ati ng5t heos|the rwadd@aec yardation | &Wilheabsecondary hreskstante on

i nstruction valugilat'iod dopen@btiSni Nampystion Vabre pdrsq tiplier
for multiplying the slip frequency [err]s* by an out put KfK enotes a
secondary 10 rREPQTdieRalaangdrinhegrations terlawkaian y rkoy st athe

variation coOnpeRsAldiabn? MRl velr fréfideid Affiaadior;addsng t?fe(;.héf&g
frequency [err]s to the output of the nmultiplier to prowge err s’fl + K).
15 20. A comalsulatorofor wakculatdagphheesiip Erglquenaiyndistgon the

10 basis of the excitation instruction value Io* and the torgue
instruction value I,*; a multiplier for multiplying the
slip frequency ws* by an output K (K denotes a secondary
resistance variation rate) of the secondary resistance
variation compensation amplifier; and an adder for adding

15 the slip frequency ws to the output of the multiplier to

provide ws*(1 + K).

19. A control apparatus for a three-phase multiplex
winding motor as claimed in claim 4, wherein each controller
20 further comprises a secondary resistance variation
compensation circuit including: a phase angle calculator
for calculating a phase angle ¢ between the d-q axis and
a vy—- 0 axis on the basis of the excitation current
instruction value i,d* and the torque current instruction
25 wvalue i,gq*, the excitation current instruction value i,d*
and the torque current instruction value being
respectively derived from the excitation instruction value
Io* and the torque instruction value I,*; a voltage
variation calculator for calculating a § -axis voltage
30 wvariation AV,8 according to the d-axis voltage error A
V,d and the g-axis voltage error AV,q derived from the
d-axis-and-g-axis current controller and the derived phase

angle ¢ ; a subtractor for deriving a deviation between a
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notor,. conprising: providing a plurality of inverters, each inverter
operatively driving a corresponding wi nding couple of nultiplex w ndings of
the notor; 20 cal cul ating d-axi s4dnd g-axis voltage setting val ues
[err] on the basis of an excitation instruction val ue lo*, a torque

I nstruction value | T* d-axis-and-g-axis current instruction values id* and
i 1g* which are quotients of the excitation instruction value 25 |lo* and
the torque instruction value |T* divided respectively by a nmultiplex
number N of the winding couples of the nmotor, and a power supply frequency
[err] which is &raxdsi vobeags vardatpoh mrpsetcyabse M S Kv;gr*_ﬁ?l)ohnta! on o
frequency [err]line 30, asei ' ropqr nal - and-in ration fo
resgect [ ze[dev%gﬁ gns lestV\%Jéir:lg g}%@é’ggg}lg 12?hs %%‘g?? ?F’(/ﬁfaﬁésﬁ?%??] d* and
its detected valariafian | commensetionn gmpiifienrrfor | psrformimm val ue

1 * 1 o i . = -
Vol tage err or s Tabgt ARaiSehn®int foratfon 0 ST1GHAGILE O S B S TS
as d-axis aRd dlepdatins degdvedsfront thessubimactor; a slipufpe?irle(z)mg{%gte
Sparati on of {RE AR rhe ERECElatiNg CRECELEY BretBRovao B bhothe d- axi <
vol t ages bei ng iscef ithe exaditatden igfstirvetdoaxaluwnmBo* and the torque
instruction value I,*; a multiplier for multiplying the
slip frequency ws#* by an output K (K denotes a secondary
10 resistance variation rate) of the secondary resistance
variation compensation amplifier; and an adder for adding
the slip frequency ws to the output of the multiplier to

provide ws*(1 + K).

15 20. A control method for a three-phase multiplex winding

motor, comprising:

providing a plurality of inverters, each inverter
operatively driving a corresponding winding couple of
multiplex windings of the motor:;

20 calculating d-axis and g-axis voltage setting
values V,d* and V,g* on the basis of an excitation
instruction value Io*, a torque instruction value I.*,
d-axis-and-g-axis current instruction values i,d* and i,g*
which are quotients of the excitation instruction value

25 TJo* and the torque instruction value I,* divided
respectively by a multiplex number N of the winding
couples of the motor, and a power supply frequency @ which
is an addition of a slip frequency ws to a rotor revolution
frequency wr;

30 calculating a proportional-and-integration for
respective deviations between d-axis current instruction
value i,d* and its detected value i,d and between gq-axis

current instruction value i,g* and its detected value i,g
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g-axi s. voltage setting values [err] to d-axis- 10 and-g-axis voltage
errors [err] 15 20 25 30 45

so as to derive d-axis and g-axis voltage errors Av,d and

Av,q ;
receiving d-axis and g-axis voltages V,d and V.q as

d-axis and d-axis voltage instructions; and

5 outputting gate signals to the corresponding one of:
the inverters so as to control the operation of the
corresponding one of the inverters, the d-axis and d-axis
voltages being respective additions of the d-axis and
g-axis voltage setting values V,d* and V,q* to d-axis-

10 and-g-axis voltage errors AV,dand AV,q.
15
20
25

30
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