1 *159159* Specification Inverter controlli ng met hod and appar at us thereof
1111211211 111l *cooooz* Technical field The present invention relates to
an inverter controlling nethod and apparatus thereof. Mre ﬁlart icularly

the present invention relates to a nethod and appar at usJﬂmﬂ Hmmmwl ng a
ts of

three -phase inverter. for supplying output voltages or
the three-phase inverter to a notor, which nethod and appar atsse+i ncl ude
therein singl e .phase rectification circuitry and the three-phase

i nverter 1 FEBHine a capacitance of a capacitor connected between

output termnals of the single phase recLi fication ](CZI rcui Hmmwmmm ﬂmm"b
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fromthe past, an inverter circuitry is a circuitry which transtorns a DC
power i nt : r wth variable frequency and variable voltage with
hi gh effirg?(gﬁlééﬁb@% tching controlling of transistors. And, an inverter
circuitry is wibe¢ pretiisuendonariates 6ewani inveeter cemtrolling mdthad and
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a notor, exanple. I'n gener aving a“sinple
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for renoving voltage ripples which appear in rectified voltage. In this

case, di sggyant e&1drSGurpuE Rukfidis i‘)f Eg&gré@gﬁaﬁ% rig?é’f’i’@f to ¥ fiforbS

| ower ed, and harnoffi cs are i ncreased feve

-which method and apparatus include therein a single phase rectification
circuitry and the three-phase inverter and determine a capacitance of a

- capacitor connected between output terminals of the single phase
rectification circuitry so as to pulsate an output voltage of the single phase
rectification circuitry by a frequency which is twice of a power frequency.

Background art

~ As is known from the past, an inverter circuitry is a circuitry which
transforms a DC power into an AC power with variable frequency and
variable voltage with high efficiency by switching controlling of
transistors. .

And, an inverter circuitry is widely applied to home electric devices
and industrial devices which are required controlling of rotation numbers or
a torque of a motor, for example.

In general, a diode-bridge circuitry having a simple circuit
configuration is employed for transforming an AC power into a DC power,
and a smoothing capacitor having a large capacitance is employed for
removing voltage ripples which appear in rectified voltage.

In this case, disadvantages arise such that a power factor in power
side is lowered, and harmonics are increased. For preventing or
suppressing such disadvantages, a power factor improvement reactor
having a large inductance is connected to input side or DC side of the
diode-bridge circuitry (refer to Fig. 18). "

In recent years, it is proposed that a chopper comprising a transistor,
diode and the like, is provided in the DC side of the diode-bridge circuitry,



suppressi ng such di sadvantages, a power factor inprovement reactor ~having
a large inductance is connected to input side or DC side of the _
di ode-bridge circuitry (refer to Fig. 88). In recent years, it is proposed
that a chopper conprising a transistor, diode and the |like, is provided in
the DC side of the diode-bridge circuitry, 2 for the purpose of inprovenent
I n characteristics for power source power factor and power source
harnmonics_(refer to Fig,, 20). \Wen such inverter circuitry is enployed, a
snmoot hi ngf@athcpurposenaly imgrevement it spardatermsticsa for popensouiaE power
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to a short etinme of an electrolytic capacitor, and . usage environment of
an inverter cirEortfsalizingudiigh peaferaeansd dige pewetuisonycs sharmonis due to
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circuitry is limited due to thermal characteristics of an electrolytic
capacitor.

To dissolve those disadvantages, an inverter controlling method is
proposed (refer to “Inverter controlling method of a PM motor having a
diode rectification circuitry with a high input power factor”, Isao Takahashi,
Heisei 12 nen (2000) denkigakkai (Electronics Institute) zennkoku taikai
(national convention), p1591, which is referred to Article 1 hereinafter).
The inverter controlling method realizes increasing input power factor and
improvement in performance of power source harmonics characteristics by
allowing motor currents flowing into a motor even when a DC voltages
pulsates and greatly lowered, and consequently widening a conduction
width of an inverter input (input of a rectification circuitry) which are due
to omitting a smoothing capacitor having a large capacitance in a .
rectification section, varying a d-axis current with a frequency which is
twice of a power frequency, loweiing motor terminal voltages by field
weakening control.

When this method is employed, an input power factor of a
rectification circuitry is improved by controlling an output of an inverter
connected to the rectification circuitry to have a desired waveform.
Decreasing in power source harmonics can be expected. Therefore, an
electrolytic capacitor having a large capacitance, reactor, and chopper



width of an inverter input (input of a rectification circuitry) which are
due to omtting a snoothing capacitor having a |l arge capacitance in a -
rectification section, varying a d-axig current with a frequency which is
tw ce of a power frequency, |lowering notor term nal voltages by field
weakeni ng control. Wien this nethod is enployed, an input power factor of a
rectification circuitry is inproved by controlling an output of an inverter
connected to the rectificatigon circuitry to have a desired waveform
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jt F for notor capacitance of 2.2kW. This snoothened output is supplied
to the i numpleyed,oandAG ipmgvehes nectifiedvbgntlen diodertleridge rrectificution
enpl oyed for hone devices, a reactor (about 3.5 nH when a capacitance of a

capaci t orcirsuit89GandJif)smesothensédche dhe belevaolytic rcaphéitbf Malvire G Narget ry and
a capacitor, or between an AC power and a rectification circuitry, for
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both termnals of the electrolytic capacitor) Vdc, e power currenht (the
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(about 3.5 mH when a capacitance of a capacitor is 2000 y F) is connected

between a rectification circuitry and a capacitor, or between an AC power
and a rectification circuitry, for improving a power factor.

Fig. 19 shows the DC voltage (the voltage between both terminals
of the electrolytic capacitor) V., the power current (the current flows from

the AC power to the rectification circuitry) i;, the absolute value | v, | of

-the AC voltage obtained by the rectification of the rectification circuitry,
and a fundamental component of the power current i, of the inverter

circuitry of Fig. 18. The absolute value | v, | of the AC voltage and the -

fundamental component of the power current i, are not values which are
directly measured from the inverter circuitry.

® in Fig. 19 represents a phase difference between the AC voltage
v; and the fundamental wave of the power current i,, that is a power factor.

The power factor cos®@ of the inverter circuitry of Fig. 18 is low

and is up to about 80% (® =37° . When the magnitude of the absolute



circuitry of Fig. 18. The absolute value I vi. | of the AC voltage and the
fundanent al conponent of the power current it are not val ues which are
directly nmeasured fromthe inverter cigcuitry. 0 in Fig. 19 represents a
phase difference between the AC voltage vi and the fundanental wave of the
power current il, that is a power factor. The power factor cos 0 of. the
inverter circuitry of Fig. 18 is lowand is up to about 80% (cD = 37 . Wen
t he magni tude of the absolute 4 value | vi | of the AC voltage exceeds the

snoot hen | t pge | Vd t n mnals of the elecirolyticg, ca itor,
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the inverter circuitry of Fig. 20 is enployed in honme electric devices.
Fig. 21 stxseedanthenamplitudeiofcthiet apsoliusewadee i|nv;tjheof she¢ i ACe vdlthge).

And, the power current i, can be made to have a sine shape by adequately
controlling the on-duty of the transistor T, Reverse flow. of the current
from the capacitor to the transistor T, is prevented by the diode D..

' But, the inverter circuitry of Fig. 20 requires not only the transistor
T, and diode D, but also a circuitry for controlling the transistors T, in
comparison with the inverter circuitry of Fig. 18. Therefore, it becomes
very difficult that the inverter circuitry of Fig. 20 is employed in home
electric devices.

Fig. 21 shows an inverter circuitry disclosed in the Article 1 for
dissolving those problems.
The inverter circuitry of Fig. 21 is different from the inverter of Fig.

18 in that a capacitor having small capacitance (for example, a capacitor
having capacitance of about 1/100 capacitance value) is employed instead
the electrolytic capacitor having large capacitance.

When the inverter circuitry of Fig. 21 (hereinafter, referred to as

condenser—less inverter circuitry) is employed, the DC voltage changes

from V. (the maximum value of the power voltage v,) to Vi determined
in correspondence with the induction voltage generated by the motor along



di ssol ving those problens. The inverter circuitry of Fig. 21 is different
fromthe inverter of Fig. 18 in that a capacitor having small capacitance
(for exanple, a capacitor having capagitance of about 1/100 capacitance
value) is enployed instead the electrolytic capacitor having |arge

capaci tance. \Wen the inverter circuitry of Fig. 21 (hereinafter, referred
to as condenser-less inverter circuitry) is enployed, the DC voltage
changes from Vmax (the maxi mum val ue of the power voltage vl) to Vmn

i i r ndepc FLh, the indyction voltage generated by the
?rgz g; malng[ﬁ\ilg e}aﬂktoﬁe eaﬁa;lg?uﬂeoivgl \éthile PPWefo‘fOLifarg&’ ﬁ%ﬁilygqr?%&e{n E%:%Z, _
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power current iASi% remtler wanefbrno distorgon oféhe posy ergsam;refllt ¢10$)et89ﬁ%@(?)e
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Igflo(r:nul ﬁtee%ggg??%ﬂ?‘i?&eﬁteé%%em%&f%@& _1(9(505 (0) becones equal to or nor e
t han 97% when ery hgznitlgwu[lg pecieg ofi the pywes carrefi @, 1s2@etesmandil o bedi agr am
illustrating an arrangement of an inverter controlli ng appar atus for
control | i fg the newentrcser oss By canebé calentated byi arcvgbiationf(1%i g. 21 and for
i npl ementing the controlling nethod disclosed in the Article 2 for
obtai ning desired performance. This inverter controlli n?. appa;géyzm) 110
conpri ses ' [ tion 111, sin' 19 , generati osqagitdn .
angpq-axi S@g%’{b@f@%%ﬂﬁper ation section 110. The Pl operation section

111 receives a deviation of a speed command ojn* and a real notor speed w
as an input, and outputs a value iqg * | by carrying out Pl operation

(proportional dfwmnhegyahtion (1), the power factor (cos®) becomes equal to or

more than 97% when V. / V_, {=cos(9/2)} > 2.

Fig. 23 is a block diagram illustrating an arrangement of an inverter
controlling apparatus for controlling an IPM motor using the inverter

circuitry of Fig. 21 and for implementing the controlling method disclosed
in the Article 2 for obtaining_ desired performance.

This inverter controlling apparatus comprises a PI operation section
111, sin* @ | generation section 112, and g-axis current command operation
section 110. The PI operation section 111 receives a deviation of a speed

command w,* and a real motor speed W, as an input, and outputs a
value | i* | by carrying out PI operation (proportional and integral
operation). The sin® 6 generation section 112 receives a power vbltage v,

as an input and outputs a signal sin®* @, which is in synchronism with the
power voltage. The g-axis current command operation section 110

obtains a product of the signal sin* @ ; and the value | i,;* |, and outputs



operation). The sin" 0 generation section 112 receives a power voltage v,
as- an input and outputs a signal sin 201 which is in synchronismwth the
power voltage. The g-axis current congrand operation section 110 obtains a
product of the signal sin' e i and the value | ig* , and outputs 6 the
product as a g-axis current command iq' ' This inverter controlling
apparatus further conprises an id* operation section 114, Pl operation

sections 115 and 116 for d -axis and Q- aX|s and a non-interacting
control | i hﬁ @8@??@%8 3 fraxgfurrent gyamandol™. section 114 receives a DC

vol tage Vd., q-Hxiss inuertent coftrotings aapp@a‘atﬁi’t Pﬁrtﬁé‘leeé'ol\f{pﬁ'ihs%§ igpput $, and
outputs a d - axis current command ids carrying out e operati on of
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termnals o capacitor) .i s controlledfrom Vmax to O by the field
control (falﬁgtrﬁ CIVES e(Yé)?HWFﬁ ehdg—axehasweat commangs i fdafkebift and
transf or matl on by determ ning a phase to be 0 7

q-axes real currents i, and i 1, and output first dg-axes voltage commands

ve*” and v,* by carrying out PI operation. The non- -interacting

- controlling section 117 receives the first dg-axes voltage commands v*’

and v *" as inputs and outputs second dg-axes voltage commands v * and
. by carrying out the operation of equation (3).

. A vdc . N2
i, = Mz—“— 4 \[(-TM)Z - (Lq 'lq) o Equation (2)
d

)

v, ='Vq (A, + Ly i) new,

v, =v, =L, i, 'n-o, Equation (3)

It is thought that the power current 1, illustrated in Fig.. 22 can be
obtained when the inverter controlling apparatus of Fig. 23 is employed,

and when the q—axis current is controlled to be i* = sin®* 6 |

Fig. 24 is a diagram illustrating waveforms in a case that a DC
voltage (voltage between both terminals of a capacitor) is controlled from

Vi t0 0 by the field control of a motor. For convenience, a phase 0, is

applied Fourier transformation by determining a phase to be 0°



(360 )which corresponds to the maxi num val ue of the DC voltege Vac, so
that an equation (4) is obtained. 2 Vmax Vdc Jr {1+ >~(-1)"' (1)nll]~cosnO
} 2n+l 2n--1 Werein, 02= 2 0 01 (01 ys a power voltage phase) Equation
(4) A magnitude of a current anplitude. becomes an equation (5) which
current-flows through a capacitor due to an AC conponent in a DC voltage
Vdc "chn 12n IVdchn I= 44, f2n - C Vmax -1 + 1 2n+l 2n-.| herein, fen =
2vnofl(fl: power frequency, n =1, 2, 3 00 ) Equation (5 Wen Vmax

= fect = power frequency is 50 Hz),
an aml 1 1000 vad RGP EofiaBonnt o dhe Resispementioh ohthe SY3dentage ¥sponer

frequenc = 1in the uat i on, (4)) becones 120 V. When a capacitance of
a cgpam %/%)E{h% a@e@‘@%ﬁﬂ%%’é 05’5312’@ i F which is 1/100 of the conventi onal
capaci t ance, n| tudemof ent beconmes | Vctill = 1.5 Afromthe
equation (9).= pb[ cgnl {)}@?@ which is illustrated in Fig.
24. Fig. 25 showgran |d /_eﬁmlrou H g wa ? thought in the Article 2
(a power ent \r/ﬁmn a % vol tage vac can be adjusted fromO to V, nax),
capaci tor té:tc @nd i 8 pervarovoledgeaphaster current wavef or m when

only the controlllng of the Article 2 is carried out that is no _ .
corrpensation is made for the capacitor current ichl. quiorpg; i ch2

I ch3"  "flow, bAtmabhi [t veni ence in the
jchs  flow OAllma tHéé ogta'ugﬁkgeﬁtiﬁmpt]iﬁge fb%go%& ah equation -ng‘whl h
current flows hroug a capacitor due to an AC component in a DC voltage
Vdc' ( 1)11 ( ])n+]
wdf CV
dchn on ma)f { +1 M -1 }
herein, f,, =2 « n » f, (f, : power frequency, n=1,2,3 = =)

chn

=21 [, Cly

Equation (5)
When Ve = 283 V (power voltage effective value = 200 V, power
frequency is 50 Hz), an amplitude V, of twice frequency component with

_respect to a power frequency (n = 1 in the equation (4)) becomes 120 V.
When a capacitance of a capacitor is determined to be 20 UuF
which is 1/100 of the conventional capacitance, a magnitude of the current

becomes | V,, | = 1.5 A from the equation (5). And, the phase

becomes a phase which is illustrated in Fig. 24.

Fig. 25 shows an ideal controlling waveform thought in the Article
2 (a power current i, when a DC voltage v,, can be adjusted from 0 to V na)s
capacitor current iy, and a distortion of a power current waveform when
only the controlling of the Article 2 is carried out that is no compensation is

made for the capacitor current iy,. In practice, i, igs, * * flow, but

illustration is omitted for convenience.

That is, in the inverter controlling apparatus of Fig. 21, the DC
voltage v, greatly pulsates, includes AC component having a large

amplitude. Therefore, currents iy, i,,, iy, ©* = which flow into the

capacitor from the power source through the single-phase rectification



vol tage vac greatly pul sates, includes AC conponent having a |arge
anplitude. Therefore, currents ichl, 1ch27 ich3" mwhich flowinto the
capacitor fromthe power source througlg the single-phase rectification 8
circuitry, are generated so that the power current waveformis distorted.

D sadvant age arises that harnonics of the power current (input current) il
cannot be controlled to be snmaller (in ideal, cannot be controlled to be a

sine wave). when the capacitor current is not conpensated. The present
i nvent i onCWESLIRAdEe igengraad so thabthipowep cubleatsvaveform iadisioreest of t he
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fromthe throaghepsingte-phace eéctificaticn Bitaitphase rectification circuitry
when the three-phase inverter is controlléed so as to supply output voltage

or output current fromthe three- phase inverter to a notor. An inverter
cont r ol | i PysclostmedobHthecinviemtidni s a nmet hod for controlling the notor for
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control | | FRUEHbION wdrantry| at dwace sfraquepeprelt as pawerh frequency, which
capacitance is connected between output terminals of the single-phase
rectification circuitry, and carries out controlling for suppressing the
current flowing into the capacitor from the power source through the
single-phase rectification circuitry when the three-phase inverter is
controlled so as to supply output voltage or output current from the three-
phase inverter to a motor.

An inverter controlling method of claim 2 is a method for
controlling the motor for suppressing the current flowing into the capacitor
from the power source through the single-phase rectification circuitry.

An inverter controlling method of claim 3 is a method for
controlling torque or current for torque for suppressing the current flowing
into the capacitor from the power source through the single-phase
rectification circuitry.

An inverter controlling apparatus of claim 4 is an apparatus which
comprises a single —phase rectification circuitry and a three-phase inverter,
determines a capacitance of a capacitor connected between output terminals

of the single —phase rectification circuitry so as to allow an output voltage

from the single—phase rectification circuitry to pulsate at a frequency



conprises a single-phase rectification circuitry and a three-phase

i nverter, determ nes a capacitance of a capacitor connected between out put
termnals of the single-phase rectifipation circuitry so as to allow an.
out put voltage fromthe single-phase rectification circuitry to pul sate at
a frequency 9 which is twice of a power frequency, and controls the

t hree- phase inverter so as to supply an outﬁut volta?e or output current
fromthe t hase inverter to a notor, the apparatus conprises
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t hree- phase inverter so as to supply an output voltage or output current -

from the compeisphassnglevphase rectificaom tircultey apdad firee- ISR inSefer,
controlling neans for carrying out controlling for suppressing the ‘current
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rectification circuitry. An inverter controlling apparatu arm6
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current flowing into capacitor fromthe power source
singl e-phase rectification circuitry, as the controlling neans.
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An inverter controlling apparatus of claim 6 employs controlling
means for controlling the motor for suppressing the current flowing into the
capacitor from the power source through the single-phase rectification
circuitry, as the controlling means.

An inverter controlling apparatus of claim 7 employs controlling
means for controlling a torque or current for torque for suppressing the
current flowing into the capacitor from the power source through the
single-phase rectification circuitry, as the controlling means.

An inverter controlling apparatus of claim 8 is an apparatus which

comprises a single —phase rectification circuitry and a three-phase inverter,
determines a capacitance of a capacitor connected between output terminals

of the single —phase rectification circuitry so as to allow an output voltage

from the single—phase rectification circuitry to pulsate at a frequency

which is twice of a power frequency, and controls the three-phase inverter
s0 as to supply an output voltage or output current from the three-phase



fromthe single-phase rectification circuitry to pulsate at a frequency
which is twice of a power frequency, and controls the three-phase inverter
so as to supply an output voltage or opf put current fromthe three-phase 10
inverter to a notor, the apparatus conprises capacitor current operation
nmeans for obtaining a capacitor current flowing into the capacitor fromthe
power source through the single-phase rectification circuitry, and current
for torque correction nmeans for correcting a current for torque bx
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correction means for correcting the capacitor current based upon the DC
voltage detection value, the capacitor current being output based upon the
stored pattern,

An inverter controlling apparatus of claim 13 employs controlling
means including phase determination means for determining a phase of the
current for torque to be a phase of delay, as the controlling means.

When the inverter controlling method of claim 1 is employed, the
method includes a single-phase rectification circuitry and three-phase
inverter, determines a capacitance of a capacitor so as to greatly pulsate an
output voltage from the single-phase rectification circuitry at twice
frequency of a power frequency, which capacitance is connected between
output terminals of the single-phase rectification circuitry, and carries out
controlling for suppressing the current flowing into the capacitor from the
power source through the single-phase rectification circuitry when the
three-phase inverter is controlled so as to supply output voltage or output
current from the three-phase inverter to a motor. Therefore, harmonics in
the power current can be reduced.

When the inverter controlling method of claim 2 is employed, the
method controls the motor for suppressing the current flowing into the -
capacitor from the power source through the single-phase rectification



power source through the single-phase rectification circuitry when the
three-phase inverter is controlled so as to supply output voltage or output
current fromthe three-phase inverter {j0 a notor. Therefore, harnonics in
the power current can be reduced. Wien the inverter controlling nmethod of
claim2 is enployed, the nethod controls the notor for suppressing the
current flowing into the capacitor fromthe power source through the
singl e-phase rectification 11 circuitry. Therefore, operations and effects
simlar tellewése ofherefpre,operationsandaffedsy Sumllayltng osg of clajue lcamet r ol  of
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three- phase inverter, determ nes a capacitance of a capacitor connect ed

bet ween of the | ,e- phas tlflcatlon circuitry so as
to allow g‘xt"%‘bt \%]\%ﬁ ta% %ﬁ\f’t “(519 erecﬁ 09&?9‘*4%’&9 BIHsaterati try
to pul satg requency which is twice of a power frequency, and controls the three-

phase inverter so as to supply an output voltage or output current from the
three-phase inverter to a motor, and suppresses the current flowing into the
capacitor from the power source through the single-phase rectification
circuitry by the suppression means. Therefore, harmonics in the power
current can be reduced.

When the inverter controlling apparatus of claim 5 is employed, the
apparatus comprises a single —phase rectification circuitry and a three-
phase inverter, determines a capacitance of a capacitor connected between

output terminals of the single —phase rectification circuitry so as to allow .

an output voltage from the single —phase rectification circuitry to pulsate at

a frequency which is twice of a power frequency, and controls the three-
phase inverter so as to supply an output voltage or output current from the
three-phase inverter to a motor, and carries out controlling for suppressing
the current flowing into the capacitor from the power source through the
single-phase rectification circuitry by the controlling means. Therefore,
harmonics in the power current can be reduced.



a frequency which is twce of a power frequency, and controls the three-
phase inverter so as to supply an output voltage or output current fromthe
t hree- phase inverter to a notor, and cgyries out controlling for
suppressing the current flowing into the capacitor fromthe power source

t hrough the single-phase rectification circuitry by the controlling neans.
Therefore, harnonics in the power current can be reduced. 12 Wen the
inverter controlling apparatus of claim6 is enployed controlling nmeans
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to supply an ou¥hen the tmgeiarrcmﬂtcﬂhngmppa&atusfmﬁmlaﬁﬂmGS is bm;ﬂo edysthe
inverter to a notor. \Wen the above operation is realized, capaci tor
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an output voltage from the single —phase rectification circuitry to pulsate at

a frequency which is twice of a power frequency, and controls the three-
phase inverter so as to supply an output voltage or output current from the
three-phase inverter to a motor. When the above operation is realized, a
capacitor current flowing into the capacitor from the power source through

the single —phase rectification circuitry is obtained by the capacitor current

operation means, and the current for torque is corrected by subtracting the
obtained capacitor current from the current for torque by the current for
torque correction means. Therefore, harmonics in power current can be
decreased by denying the capacitor current.

When the inverter controlling apparatus of claim 9 is employed,
capacitor current operation means for carrying out harmonics analysis for
the power current is employed as the capacitor current operation means.
Therefore, operations and effects similar to those of claim 8 are realized.

When the inverter controlling apparatus of claim 10 is employed, a
component of a frequency which is twice of the power frequency is



decreased by denying the capacitor current. \Wen the inverter controlling
apparatus of claim9 is enployed, capacitor current operation means for
carrying out harnonics analysis for tie power current is enployed as the
capacitor current operation means. Therefore, operations and effects
simlar to those of claim8 are realized. Wen the inverter controlling
apparatus of claim10 is enpl oyed, a Fonpgnent ﬁf ﬁ frequency mTlch S
twi ce of the.power frequency .,is 13 enplo as_the harnoni cs anal ysis
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It nt,. being o ut Jbased upopn the stored pattwern.
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t ﬁr qu;a t oChpacitgmheiseent bdﬁctay.pon therﬂDGyadlt tage db%ectmnv%lglel, kg .c[e{p@%‘ls?r
T e ; [a C
cast |y, aSURRRECOERS Suiblt (MRcBPRREN ther kT pifily. C, ERGLSR, PHe
real i zed. CBPR@fOIEYEIANGt $ah bof aaheulatedviwiih Regunacy,l and @peratjomsnand
schemat i caffeitd éihﬂﬁﬁt@tﬂlﬁge?if(r‘?‘l’ﬁ{n('i)qll'drE%éMEé m whi ch includes an inverter

control ling apparat us, accor t he presen i nvention therein;
9 aPPGvhen the inverter gcontrolﬂngloapparatus of claim 13 is employed,

controlling means including phase determination means for determining a
phase of the current for torque to be a phase of delay is employed as the
controlling means. Therefore, compensation of the capacitor current can
be carried out easily, and operations and effects similar to those of claim 7
are realized.

Brief description of the drawings

Figure 1 is a diagram schematically illustrating a controlling system
which includes an inverter controlling apparatus according to the present
invention therein;

Figure 2 is a block diagram illustrating a main section of an inverter
controlling apparatus of an embodiment according to the present invention;

Figure 3 is a block diagram illustrating an inverter controlling
apparatus of another embodiment according to the present invention; -

Figure 4 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present
invention;

Figure 5 is a block diagram illustrating an inverter controlling
apparatus of a further embodiment according to the present invention;

Figure 6 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present



Figure 2 is a block diagramillustrating a main section of an inverter
controlling apparatus of an enbodi ment according to the present invention;
Figure 3 is a block diagramillustrating an inverter controlling apparatus
of anot her enbodi ment according to the present invention; Figure 4 is a

bl ock diagramillustrating a main section of an inverter controlling
apparatus of a further embodinent according to the present invention;
Figure 5 is a block diagramillustrating an inverter controlling apparatus
of a furt HYYC®HBbdi nent according to the present invention; Figure 6 is a
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aratus oI, aturtner enpod}lne ccor n 0] e ;
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load is applied;

Figure 11 is a block diagram illustrating a main section of an
inverter controlling apparatus of a further embodiment according to the
present invention;

Figure 12 is a flowchart describing power source phase
synchronism processing;

Figure 13 is a flowchart describing power source phase generation
processing;

Figure 14 is a flowchart describing current controlling processing;

Figure 15 is a flowchart describing an example of conventional
processing of the step SP3 in Fig. 14.

Figure 16 is a flowchart describing an example of processing
according to the present invention of the step SP3 in Fig. 14.

Figure 17 is a flowchart describing another example of processing
according to the present invention of the step SP3 in Fig. 14.

Figure 18 is an electric circuitry diagram illustrating an example of
an arrangement of a conventional inverter circuitry;

Figure 19 is a diagram illustrating a DC voltage waveform and a
power current waveform in the inverter circuitry of Fig. 18;

Figure 20 is an electric circuitry diagram illustrating another
example of an arrangement of a conventional inverter circuitry;

Figure 21 is an electric circuitry diagram illustrating an



processing; Figure 14 is a flowchart describing current controlling _
processing; Figure 15 is a flowhart describing an exanple of conventional
processing of the step SP3 in Fig. 14.ifFigure 16 is a flowhart describing
an exanpl e of processing according to the present invention of the step
SP3 in Fig. 14. Figure 17 is a flowchart describing another exanple of
processing according to the present invention of the step SP3 in Fig. 14.
Figure 18 is an electric circuitry diagramillustrating an exanple of an

ntional.inverter circuitry: Figure 19 is a. diagram
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circuitry, Figure 21 is an electric circuitry diagramillustrating an 16
ar r angeneRONGENSETEolRss ARVEIEN CitonidBHser -1 ess inverter circuitry; Figure 22
is a diagram describing the controlling principal of the condenser -1Iess
i nverter circui Figl}rE:FQSuiSe a2block alibgmok disgrasing hhuatmagengmnof an
arrangenment of an inverter controlling apparatus for controlling the
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attached drawi ngs, we explain enbodinments of an inverter controlling
met hod anwhighas awiee ot the pomeprtfrequéreypths entrent\ftowingin the depaditor

section of the condenser—less inverter circuitry; and
Figure 25 is a-diagram illustrating a power current when the

condenser—less inverter circuitry is controlled.

Best mode for carrying out the invention

Hereinafter, referring to the attached drawings; we explain
embodiments of an inverter controlling method and apparatus according to
the present invention, in detail.

Fig. 1 is a diagram schematically illustrating a controlling system
which includes an inverter controlling apparatus according to the present
invention therein.

This controlling system comprises a diode full —wave rectification

circuitry (single-phase rectification circuitry) 2 which receives an AC
power source 1 as an input, a capacitor 3 having a small capacitance (for
example, a film condenser) which is connected between output terminals of

the diode full —wave rectification circuitry 2, an inverter (three-phase

inverter) 4 which receives an output voltage from the diode full—wave

- rectification circuitry 2 as an input, an IPM motor 5 having a rotor 5b and



Fig. 1 is a diagramschematically illustrating a controlling system which
i ncludes an inverter controlling apparatus according to the present
invention therein. This controlling syigtem conprises a diode full -wave
rectification circuitry (single-phase rectification circuitry) 2 which
receives an AC power source | as an input, a capacitor 3 having a snall
capacitance (for exanple, a filmcondenser) which is connected between
out put tern na f the diode full -wave rectification circuitry 2, an
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position net c ole position), of the rotor 5b of the |IPM notor 5,

i nput voI%eﬁnglg)ndeéaecﬁ(ﬁoﬁlet'S"égig ot 2HIWr velipget ofigther dinset fudl tayaver t he
diode full - wave rectification circuitry 2, a power current detection
section ASCHHCAHONGIGUHE Y2, bpasier awrranitdesectior sectoote 2bulor detwetigg a
rectification circuitry 2, a DC voltage detection section 2c for detecting

a_vol t agepawer hauroentpof tiedeiode tdl —dvade reutificativa caehitky CAL i0DC
circuitry 2, a zero-cross detection section 2d for detecting a zero - Cross

of the i npoftageolibrgsionasconiohr X fuWetedliff 40AOTRAIEn fhe Wb YA8G ALY N9

circuitry 6a. The controlling m croconputer ecei ves the pos

det ect i ondigidenglll : Nt ZeEQ -~ C de i pn_signal , .power
current, IZ%C vol taﬁagé]éeggggﬁﬁé%r%@é&% % %‘)?Z%EE’ax‘i'g’%%&f%%H&MBFPB{}de
command I q,,,* given fromthe exterior, as inputs, and outputs controlling

si gnal s byd cor ydelgchy aPEepst-eCibRe bRk %él??%\é&gaf%egt %O%oni_litbﬁgﬂgs aind

base-driving circuitry 6a receives the contr al’'s as

out puts ; { kgnal s ch. ~ J: I | ked tg,each sw.l.ching
transi st ?ﬁ%‘?@?ﬁ?‘?ﬁgit e%rﬁ_g. QAPaﬁ Flgt%ﬁg ég‘ﬁﬁﬂg"?l bﬂg n@pﬁo&opgroéhﬁgi,der ed
in a casdMHACOMPWEHLiTeapiyes othe pesitpadietentich istghaldadotwrt birrrehls
controlling systemof Fig. 1 is determined to be 0. In Fig. 1, when the

mot or  ef faaberrayross defpctisnntighaby potwer therrent, DC voltage, and speed

command w™* or g-axis current amplitude command I.* given from the

exterior, as inputs, and outputs controlling signals by carrying out
predetermined controlling operation.  The base-driving circuitry 6a
receives the controlling signals as inputs and outputs switching signals each
of which is supplied to each switching transistor of the inverter 4.

At first, a controlling method is considered in a case that a

capacitance of the capacitor 3 included within the controlling system of Fig.
lis determined to be O.

In Fig. 1, when the motor efficiency is represented by 7, the
main circuitry efficiency (efficiency of the rectification circuitry and
inverter) is represented by 77y, relationship of equation (6) is established

between the inverter instantaneous input P, and motor instantaneous output
P

m*

pmmnlNV"lem‘pl .
Equation (6)
The motor instantaneous output P, can be expressed as equation (7)



main circuitry efficiency (efficiency of the rectification circuitry and
inverter) is represented by? INV, relationship of equation (6) is
established between the inverter instjantaneous input Pl and notor

i nst ant aneous output P,,,. Equation (6) The notor instantaneous output
P,,., can be expressed as equation (7) 17 using the notor speed co. and
torque r ,,,. P111 (O,, ' T n, Equation (7) The inverter instantaneous

i nput Pl can be expressed as equati on (8) using the assunption that the

f 100% t 1 and t il Al =wv1l 2.V,
POTY sl it s KydHok $B3UR, o T ahtBete “FY..1 7" n( o Equat i on (8)

Wherein, t represents atime, W1 represents power source angul ar
frequency, V1 and It represent effective val ues of the power voltage and

power current, respectivelly Wierein, the notor efficiency 17 M and t he
main circuitry efficiency ‘77 | N cﬁ‘ange dependi ng upon t vvavef
controlling nethod of the inverter and the motor out put E@iAtIaH X/ are

(lzggos/t ?nt at eacTnh@mat&mthMeousﬁﬁl@lmtéf fda@@é)lpﬁé%b@@as% %Eﬁl@?ﬁ(@‘) t;)hbe
or | SCUSSI o ur t her e
spee%l of % Hgttrhénds\g\gnﬁﬁ@ h?#sthﬁ&%‘& Fifgcqgﬂ &@ggd 0t BOWET & fsr'tg&nYl, add when

t he notorPQ‘M@qu@I’r@ahllbe controlled so as to change the notor torque at a
frequency which |s tw ce of t he power frequency,, based upon equation (9)

by .equati ons (Q) g 8% e, my&Ht er. power current becones a sine-wave
(waveform w Phoutt & st rI{lr ‘Yontrol i ng of the power factor of 100%

is realized. vchn\/'z_c F];Tlsn'l'(cﬁ' n) 01 7 —\/élf’Sm(r(ol ) cos 20k ) 2
Equation (8)

Wherein, t represents a time, (), represents power source angular

frequency, V, and I, represent effective values of the power voltage and
power current, respectively.

Wherein, the motor efficiency 7 ,, and the main circuitry efficiency

Ny change depending upon the waveform controlling method of the

inverter and the motor output, but they are constant at each operation point.
Each efficiency value is supposed to be 100% for simplifying equations in

the following discussion. Further, the speed of rotation w, of the motor

is supposed to be constant, and when the motor torque can be controlled so
as to change the motor torque at a frequency which is twice of the power
frequency, based upon equation (9) by equations (6) to (8), the inverter
power cutrent becomes a sine-wave (waveform without distortion), and
controlling of the power factor of 100% is realized.

1

d : 2

=T, sin” 0, = 5 T, -(1-cos20,) Equation (9)
Wherein, 8,= w, = t

1

When the torque controlling of a motor is carried out based upon
the equation (9), velocity ripple is generated following the torque ripple at a



Wherein, 0 to, ot Equation (9) Wien the torque controlling of a notor is
carried out based upon the equation (9), velocity ripple is generated
follow ng the torque ripple at a 18 frHjuency which is twi ce of power
frequency. But, the anplitude of the velocity ripple becones snaller to a
val ue which can be ignored due to inertia effect when the notor rotates at
a high speed. As an exanple, a trial calculation is nade for a case that

t of cinertia of.a coppresspr nechani sm and tor: 0.5_X 103 kgn?2, and
{nﬁrere npomeflle?l}lgaﬁ%n‘gbwﬁl’sl%g%%, Oflli’é’“é‘?fpﬁpﬂﬂ%cﬁf gol’ﬁlé the ampliude of ibecones
1 rps undelocityerippde dweonesysmablier 2oNm \(etlh];atwg'&h btaﬁcbtﬁign@mtdedlﬁlepﬂdd Egdge
Tm2 = 2 : ti.on, of, the or is controlle
60 rps, %%al@e%t‘%ﬂ%P@f@%ﬁ“ﬁ%@%%&%&%“FﬂP ‘the above, it is
confirnmed thatAshHn epeaple,antinl cedewlationtis thade dos b aase thant mioenexithefi hand,
distortion in power current is generated due to the capacitor current i,

gi ven by irstiaqpian icomptEssoheredhianiaanan hatoe: 0f5 Rhel()?%kg.ﬁizt, @nd ghenot O
and when controlling is made only as the equation (9). To dissolve this

0520k oner R qur s S0, ekl o o1y g0t pogies
() T o P URler e fYetoiz® o1 gy P2 N (¢ dhrtoraie sinplbgmplHadei Tolr so as
to remove=(2MNmes ;V}/helhetheaswdt@fr ral.'ul';ibﬁgt?fi !'hr? rrth@ﬂ I1st,s b?ﬂ???‘??re“n" B%l QO? E Eg
motor t 3?%“8?%%‘12@&%&%5&8% WBouf A0 o1 F B 50 db i pEB LGS
capaci tort thespeed candel wpmbdlzto béeopstamt. gur rent. aFoI I ovmt ngdt }/\gr
corsty e o, AR SR OB ey, ke BRI
whi ch 1 oW¥® GHRAFLNeCHPRLIL Bivea by theequasipactowhes the cdpacitaneetafr que of
t he equat ilwncdgiciior is ee0edRdwhedsbripsl1fRediaste oy 'ég"thé eluafiofi19).
follow the detegti .\ | ue, . of ..t h& é)ower urrent f’t' 0 the cal culation
resul t: 0 dissolve this disadvantage, it is sufficient that a filter for

removing the capacitor current i, when the controlling is carried out based

upon the equation (9). In this case, effectively limiting is carried out by

the filter so as to remove (suppress) the capacitor current i_.

When the distortion in the power current is dissolved by the
controlling, it is sufficient that the motor torque or the motor speed is
controlled so as to suppress the capacitor current i, overlapped to the power
current. ’

Following two construction methods for controlling can be thought.

a) a method for calculating an ideal power current i,” based upon

the equations (6) to (8) which flows when the capacitance of the
capacitor is 0, when the torque of the equation (9) is generated,
and for feedback controlling so as to follow the detection value
of the power current i, to the calculation result;

b) a method for determine the torque or current for torque so as to

allow a current to flow which is in reversed phase with respect to

the capacitor current i, , and for feed-forward controlling.

Hereinafter, description is made in detail for an embodiment for a
case that a torque is controlled.

Fig. 2 is a block diagram illustrating a main section of an inverter .
controlling apparatus of an embodiment according to the present invention.

This inverter controlling apparatus carries out feedback controlling.



hod for deternine the torque or current for torque so as to al I ow
g)cﬁr ;n;]t to flowwhich is in reversed phase with respect to the capacitor
current is , and for feed-forward conti@lling. Hereinafter, description is
nmade in detail for an embodinent for a case that a torque is controlled.
Fig. 2 is a block diagramillustrating a main section of an inverter .
controlling apparatus of an enbodi ment according to the present invention.
This inverter coptrolling apparatus carries out feedback control I_| ng. 1.9
This inverter c% 15 olNViesEETaseateallingc apparates aomoprises | ®nabnventional

coridenser ebadsndoriess Qh_véﬂ@ﬁ gcﬁirgi';]cglﬁn gﬁ&gﬁ glﬁ,siélé:f)gﬁx%r{%td $ﬁgﬁ8§t i?,n 12,
f eedback g@pefation sect.ion . , :
onvent i ohGTaRS ety

nventi o deMEEALOBS SECHRBY ¢ r Shbiragtiercsestion1 bt puflhe _
g(r)ovi si onabnvemtioralc ovoedahser-leds rﬁf_ﬁerfdri:r dcﬁ{tﬁblﬁn(g?a' @t&@ﬁ)i i of g(ﬂ:%fﬂiﬁg{é Ing a
[ : = | IlLl- ope
Focer ves B RavRRRTIORAIC ESmdE bF Ehumel?ob borauBREitinehd (S aemtioliage v1,
and coef f RcPERYCRNOBA icApdenserckusg uinvestera pBheri,&uoperdtiont seytioar 1y ng out
oper ation of ~equation (10), and outputs the power current it as power

current ctgneaves aanoeritorqueThe f esctoReistarizaiadishead Séﬁﬁ,![ﬂ)’\wéﬁvéﬁﬁgé yes the
power current conmand value il * and the real current it as inputs,

carries out operation so as to nmake the deviation between the both to be 0O

(for exanpheé coeffigisatari as. Inpusidcalatlmes atpeweocqtent @lnb?rtshﬁﬁﬁgc&w ection
acC

or current for torque command for correction. The subtr i'on seCtion 1ng
subt r act sopéiattosr cqﬂeeqmﬂmmdl()@,][ andr tbﬁ@}illt@“tlfgr g%%egg?gﬁga 1222{05?;[50 M
f corregtd [ | ut,fr e feedba ! [ R
f(r):)m t he Eﬁrlfor\elﬂts}e/@%rglﬁat@r%hgéeﬂ%mﬁggeofe_e@&:‘lapg&PQYGFIOPOSFG@J:@%é%@@@}vﬁﬁh| chis
out put frBi PRVEoavEknt eeamanddeaker i *eandi theerdAr ce@BAT Q| 'eﬂsgmgug??t hon
11, and obidisodt bpeidnP§G48 6 IRARANE ddyidiEn SUHERE TR, £OF
torque. ly. V1l , 7 . .
(for example, PI operation), and outputs the torque command for correction
or current for torque command for correction. The subtraction section 14
subtracts the torque command for correction or current for torque command
for correction which is output from the feedback operation section 13 ,
from the provisional torque command or current for torque command
which is output from the conventional condenser-less inverter controlling

section 11, and obtains a final torque command or final current command
for torque.

, T, W T .
o=t M gin G,

vl N Vmﬂx N

Equation (10)

Operation of the inverter controlling apparatus having the above
arrangement is as follows.

The power current i, becomes the equation (10) using the equations
(6) to (8), when the controlling is carried out so as to be the torque of the
equation (9). It is determined to be the power current command value 1,%.
The torque command for correction or current for torque command for
correction is obtained by carrying out controlling (for éxample, PI
controlling) for making the difference between the power current command
value i,* and the real current i, to be 0. Using this, the provisional torque
command or current for torque command is corrected, so that the torque or



Equation (10) Operation of the inverter controlling apparatus. having the
abave arrangenent is as follows. The power current it becones the equation
(10) using the equations (6) to (8), adhen the controlling is carried out
so as to be the torque of the equation (9). It is determned to be the
power current conmmand value il . The torque conmand for correction or
current for torque command for correction is obtained by carrying out
controllin for_exanple, Pl controlling) for nmaking the difference

bet ween t ABITEBhEOTC tR1ANS: it orRRiRRlled sfare Sippressing tthe eapacitarr centenit, to be

0. Using Consequétlprdivicitiondn powetureAfERN BeGbdbesd.ent for torque

command is corrected, so that the torque or 20 current for torque is

' power cur ent oo chaadn (10 ARACGBICIEH 17 Ol ¢ rOfSRFRIOR sakingllrer, " 7"

is a cons f akin incircuitry efficienc not.or efficiency
and power a%:lt oér}f(fl{r%[fjpglI %5%@?’@{53‘{‘8}09 1081%[3(@? niaﬂfind)(%/‘ﬁ%r d%%cttBFt e to be
0, the coeffi.ai erlt 77 _may, be changeg i(géres,ponse to the | oad torque or
rot at i onaFORYEEEAGY, For defenmining the disiartion {nhedpetie: coeftinionessi ng,
driving condi &)i on of applied devices are taken into consideration so that
the val ue™y P§pshangedoly respsmset foothe doash tortue or gbtatitnal Ppeed. a Forock

di i binyskifyihi ' ifib! | f
i agram | glmpltlf}élhgngh@nc(bﬁt‘t@llinrgs eﬁé}%ﬁgg nPP&eséﬁtﬁ,ﬁr a5n caﬂé?ittﬂff{ O ng

enbodi nent ac&rdln toth@g I on. s 1nverter co

appar at usaBBﬁ% deyices ap tBE aRtogrprsaderagion so thatithe valugyahtrpicabloagect i on

22, mul ti pbndiicmis cebthalf of3, i d* operation section 24, Pl sections 25
27. The

and 26 for d-axys, and .g- axi and. decoupl;ing ..control.ling section_,
'Pl operation sggg'i ?n 1glgr bi%‘fk/e&mgr%f@vil P?@ﬁtmge@ﬁeéﬂv? = s‘pfgﬁﬁ%@&mnd W
nt and t happaiases o€ anodies einbvdinasnteacciongintg, oresent mvenviahue of | ig* |

toathe

whi ch is obtai ngd; VA t p l:on and.

i ntegration ope?g%%)%)hrﬁf e'rfhded?g{cﬂﬁ g gagirllteu;gaﬁrghhggseéﬁflg(gﬁéféhpgcseqc 3t he

power vol yage: 2l a [hput nd t pu si.gnal .sine. 0,1 which is in

synchr oni %% \g\ﬂ 3? t %8@5%‘?*&8?@8@%1&“#%&%8“ Section 23, ld;L operation
section 24, PI sections 25 and 26 for d-axis and q-axis, and decoupling
controlling section 27. The PI operation section 21 receives a deviation

between the speed command w,* and the motor real speed W, as an input,
and outputs a value of |i* | which is obtained by carrying out the PI

operation (proportion and integration operation). The sin? 9, generation
section 22 receives the power voltage v, as an input, and outputs a signal

sin* 8 | which is in synchronism with the power voltage v,. The
multiplication section 23 obtains a product of the signal sin? 0, and the
value | i* | , and outputs the product as the q—axis current command
i;*. The ig* operation section 24 receives the DC voltage V4o q—axis

current i, and motor real speed w , as inputs, and outputs a d—axis current

command i;* which is obtained by carrying out the operation of the



mul tiplication section 23 obtains a product of the signal sine e 1 and the
value | ig* | , and outputs the product as the g- axis current conmand

ig*. The id* operation section 24 recegyves the DC voltage Vd,, g-axis
current ig and notor real speed w mas inputs, and outputs a d - axis
current command id* which is obtained by carrying out the operation of the
21 equation (2). The PI sections 25 and 26 for d-axis and g-axi s receive
the deviations b sween the dg-axis_current conmmands id* and ig* and the
dg - axi Sdpaien c((é rere PY S@&Hmsq,ﬁ axl RAdor d-azisdandigpaxisfieceivedthe axi s
vol tage commands vd*' and vqg*' which are obtained by carrying out the PI
oper at i ongevintiongdeetweennthecdqtr akisi ngrerectormmaRitlsr gt eindes *t Ared the ﬂél dq

axi s voltage commands vd*' and vg*' as inputs and out putqs second dqg- axis
vol tage commands yd* and vg* which are obtained by carrying out the

oper at i on “ofXIShkCde (ETGTHA 1 Ind has dpputs, andaegtpunfirstsdgnaxisrvaltagehe
arrangenent of a conventional inverter controlling apparatus. And, the

i nverter €OAHIRANAS ng*appad avylS ofhiehgars ébmitedt Worquriyieg owo ile d@imand
operation section 28, subtraction section 29, and P operation section 20.

The it cooperatiomser dfhodesoapling chtrsltiabVaetione27 3661388 the s d-ﬁ?]—’
maxi mum val ue Vmax of the DC voltage and the coefficient 77 as inputs,

and out puts a power current command value il* which is obtained by
carrying a%is Vﬂléagﬁz)momnmndefvdf"heamhu?’i as iaph)s afdeoutputs seedridrlgsect i on
29 subtracts the power current command value il* from the real current i,

P oper ati axissenltagmcammants vesahtie; Subhith hfeogblded 5 tﬁdrﬁﬁh'g%msgzh i on
, and o a r r correction which,is,ohtaine
carrying %Mﬁ)erp Bgo%’grg(#‘?%ﬁéﬁ ‘Fﬁg d af‘]i())%Yne BRS¢ He 1Y STmilgL jte /

rrent
command i dFrangemenh of ¢-cenventiomal invententontgollingsaspiranect ed by the g

- axi t f ! : i lef | .ed t

Che P1 “oper at i onds dhe AaVEREr cBRttollife WBALANY A FIEY thibEs BORRMES. o i ng
appar at us@sl; SHMBREY Qperaian sestianr JBe sbtrassioporsectibhe@% oand P

Suppr essi opea@RAC béction QO I €The iDc%ﬁmHahanoI%%ftaﬂﬁwecﬁqr{] 98trefelyed! @%aﬁe

decr eased, Fi%. 4 is a,block diaramfllu\;t n%ama sectron o
inverter Average .torque o Maximum value V . of the DC voltage and the

coefficient 7 as inputs, and outputs a power current command value i*

which is obtained by carrying out the operation of the equation (10). The
subtraction section 29 subtracts the power current command value 1,* from
the real current i;. The P operation section 20 receives the output from the

subtraction section 29, and outputs a q—axis current for correction which
is obtained by carrying out the P operation. The deviation between the q
—axis current command i * and the q—axis real current iy, is subtracted by

the q—axis current for correction, and the subtraction result is supplied to

the PI operation section 26.

Therefore, even when this inverter controlling apparatus is
employed, current for torque can be controlled for suppressing capacitor
current.  Distortion in power current can also be decreased.

Fig. 4 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present



controlling apparatus of a further enbodi ment according to the present 22
invention. This inverter controlling apparatus is an apparatus which
carries out feed-forward controlling. Jhis . inverter controlling apparatus
conprises a conventional condenser-less inverter controlling section 11
for outputting a provisional torque command or provisional current for
torque for controlling a conventional condenser-less inverter, a capacitor
current operation sgction 31, conversion section 32, and subtraction
section 3VECRLON: apddils oinvegierr epntroPingt appargarst iipnarB lapparatusesvhivd power
current i taate &Xi fe@ﬂtﬁﬁwara@gn%nm}%_ut s, and carries out operation so as
to obtain a capagitor cu%%ent i e conversion section 32 receives the

capacitor currentl§ cINV&S f icontilling APORERLUS o |CORYISES, andonveationalal
speed Wn opndé¢rserdess imeertepodstroling sec@osdr e bl RARBCA LROVEISAENT 1 -
i'P\to ato cQ qr ogu . _conmand foiC torque ffr co I‘eﬁi_l on. The
subtractigﬁﬁggct %ﬂgg Slﬂ)gt bé(iﬁtgloqfﬂeo%rre e Q:ro WO.OTCW 188mfand f or
torque fofoRwWnRtEeRalocorlanser-less mvertee, aanpaciop ch[11$¥ﬁ$tit| (%pbr_aﬁgﬁ (r) %afrg?,ef Com

i si i6RMEEN LT i Si .current for, torqu
Ito Lgvi:?)ln\?g%g i zﬁrﬁ%g%ggense??r?e%%’paﬁﬁyg‘?%g&é@xtSre&ltllopngéseciﬁ%c%ﬂ?aw that a
final tor GHECBbRARERIIG Seethan 3lctracdvrs Henpawerfaurremirijumd DObioliaped.

i i i i i S . n the
oo ORIt SRR S e ).
i i i : i ! . O
ool mpped e SoeRitonl SRR 8 ReEAVRL 1R cabAito Riukhfh, Soeflifiens 7 c |'s

reverse to that of the capacitor current ic. :Cr -sin z (r)&h_-c'hrisEquation-
Wh ' u i fdnahg8nt,  t ue, whi :
cpt essod by an oty S9telichd] SpEbATL Bt MR s, INBHE. 6B ¢ o

(8). 23 gamferhly YRE CcHRRGI! Eatrett i‘fhﬁﬂotgetocra AL bR ENS of "Gusapact tor
's not 0, command for torque for correction. The subtraction section 33 subtracts
the torque command or current command for torque for correction output
from the conversion section 32 from the provisional torque command or
provisional current for torque output from the conventional condenser-less
inverter controlling section 11, so that a final torque command or 'final
current command for torque is obtained.
Operation of the inverter controlling apparatus is as follows.

When the feed-forward controlling is carried out, it is sufficient that

the equation (9) is rewritten as an equation (11), and that a torque 7 _ is

overlapped to the torque command, the being in phase which torque 7 _ is

reverse tothat of the capacitor current i,

pe o2
t, =T, -sin®6, +v, Equation (11)

Wherein, the torque 7 _ is sufficient to be a torque which is expressed by

an equation (12) which is based upon the equations (6) to (8).



: rrent it can be expressed as an equation (13). | i=1 19 + s i
Eghiei p?\\l/\elrfqﬁ;ti on (13) \Werei nl,o it ' represents the power current when the
capaci tance of the capacitor is 0, anzBis given by the equation (10)h
Further, sign() is a function which returns a sign. Torque becorresht e
equation (12) fromthe relationship between the equation (6) and the

uation (7), the torque t{.ng the poyer item including the capacitor
gﬁrrent ig 351m)ng resmits~g§g§fﬁ}né}tl_’b subdt i ing the equation (13) for
the equation (8). Werein, th@.coefficient, 77 is a constkguafion (13ki ng

account of  mai Mater spadifigalff indietnthe capiditale b itRE Chpabifir ROWRS Hact or -

; anged, for determ ning distortion"to be none, ”’ .
Iggpoﬁgpﬁ{g@bgwﬁg?f%ﬁ R W]BE eé(ﬁ’aﬂsrsﬁfiéfsi %;hggu%tb%&li For sinplification in
the controlling and operating processing, the constant nay be represented
with a value at a typical |oad condition by taking a driving condition of
an application device i.nt0 consj<d_era,t| on, for exanple. Then, a case is I
described by taking an I'PM rotlor * diSsdl @séd (¥ the ArtiEfeaioag13n exanpl e,

o S SR poSe R AT s AP 5
n nolL or .| .
.maEq) id) . W’a@d{f’a& asoil (ﬁr% IERIYENo

t1on -

Jihh Sametioncki®i _(fThon gigno) i he
equati on flmxgtlmhmgehreudwpeadﬁglg upon the d - axis current. en. e

i i | ification t he chan width og the d -
sssum o0 13 TR OhecShi 1 SALAR0 1%, 408, BETRE e S
current, Ehﬁ‘eequati@lski(é)omdr&me@uﬂaté«nmfﬁhdﬁeqﬁirqh&&i?’atﬁtgpﬁwgbw td) } is
obtai ned {rfcof R CUretd, afidh g Befls Poedinieh by Substituting the

- equation (13) for the equation (8). '

Wherein, the coefficient 7 is a constant for taking account of

main circuitry efficiency, motor efficiency, and power factor. The
constant may be changed for determining distortion to be none, responding
to the load torque and rotational speed. For simplification in the
controlling and operating processing, the constant may be represented with

a value at a typical load condition by taking a driving condition of an
application device into consideration, .for example,

Then, a case is described by taking an IPM motor disclosed in the
Article 2 as an example, in which case a torque is controlled using current

controlling. A torque 7 _ of an IPM motor is represented by an equation

(14).

T, =n-(d, + (L, ~L,)i,) 0, Equation (14)

The item of (L, — L) = iy in the equation (14) changes
depending upon the d—axis current. When the assumption is made for
simplification that the change width og the d —axis current is small and that

the torque is in proportion to the d-axis current, the q—axis current



| "'q -sin201 Equation (15) On the other hand, in the contrary, the inverter
controlling apparatus calculates the q -axis current command i g* based upon
an equation (16) which is obtained frramthe equation (11) using the
equation (14). sin2 Dv1IC 1. CO,, n (' a + (Ld wlL Id) Equation (16)
The second itemin the equation (16) represents the current for torque
for. conpensating the capacitor current. Further, | represents a noving
aver age val ue of I[lye d-axis current for about 1,/2 to 10 cycles of the
pover waVRIBMANdTh & aefirdo equatiany (knd is ebtaimeduFomathebequativn 69) eddf or
suppr essithg equaeiopa@agi tor current. And, the distortion in the power
current can be reduced. In Fig. 4, the arrangenent is enployed in which
the capacitor «current i, is calculated fromthe detection value of the
power current il or DC vol tage* \_/_glcf"f,lgﬂ{z an arrangenent may be enployed in
which a current sensor is providead for aél)"rectly det ecti t he aci tor
current ir', and the detection value is directly suppli %tkpr’e(ﬁ%
conversi on sect®8rihg®thes gand; insha denoiry diheginvertek coatrotling appartayer t er
control li n% apparatus of a further enbodi ment according to the present
i nvent i orcalhlates theert-eaxisoonrreht icommanariat Usasgtf §§6e dif eghéﬁéni(‘t'l% rter
control ling apparatus of Fig. 3 in that a dapacitor current operation
section Whidnd swpawd ] i ction 32' are |,
enpl oyed instead the |f%{)gggﬁ%ﬁgﬁ%%gggfﬁﬁélgggplg%ﬁhgg()ﬁg&%?'r action section
29 -and P operation section. The capacitor current operation section 31
receives the power current vi 1.or DC voltage vdC as an input and carries
out the operawj oAl ﬂoginémai_mj_ﬂ:q_gﬁhe capaci flor current i,. The capacitor
oper at yon secyi "SQ“ reLe VES the capacitor current
43p n

current conpensati b 0|
i, power voltage vl and 25 notor rotati‘on wo.m agquiiss(1&and

converts the Caﬂ?&i&%nﬁuftéﬁﬁtiniﬂhe equation (16) represents the current for
torque for compensating the capacitor current. Further, I,, represents a

moving average value of the d-axis current for about 1,72 to 10 cycles of

the power waveform.

Therefore, the current for torque can be controlled for suppressing
the capacitor current. And, the distortion in the power current can be
reduced.

In Fig. 4, the arrangement is employed in which the capacitof
current i, is calculated from the detection value of the poWer current i, or
DC voltage vy, But, an arrangement may be employed in which a current
sensor i provided for directly detecting the capacitor current i, and the
detection value is directly supplied to the conversion section 32.

- Fig. 5 is a block diagram illastrating an inverter controlling
apparatus of a further embodiment according to the present invention.

This inverter controlling apparatus differs from the inverter
controlling apparatus of Fig. 3 in that a capacitor current operation section
31 and capacitor current compensation operation section 32’ are employed
instead the i, command operation_ section 28, subtraction section 29 and P
operation section. The capacitor current operation section 31 receives the
power current i; or DC voltage v, as an input and carries out the operation
for obtaining the capacitor current i, The capacitor current compensation
operation section 32’ receives the capacitor current i, power voltage v, and



into the torque command for correction or current for torque conmand for
correction. Therefore, in this inverter controlling apparatus, the current
for torque can be controlled for suppsessing the capacitor current, and
the distortion in the power current can be reduced. Fig. 6 is a block
diagramillustrating a main section of an inverter controlling apparatus
of a further enbodi nent according to the present invention. In this
inverter controlling apparatus, an FFT (harnonics anal ysis) operation

section neration sectiqn 31b constitute the capacitor
current ?{%@F%??%ﬁﬁégéf %ﬁghqu 1Wm AP, a’?ﬁéjqfﬁ"?r@p@ea‘f@%"@é&qf&m%a

recei ves .t ge @b olute val U%Ei it of the power current calculated by an
absol ut e VAP {RC baus commiang for cerrectign o (e friosquaicommaadfoB 2 (=2
0 6 1) (Ccdrectioleternined its 0 phase to be at a peak point of the absolute

value | vl | of- wey | t s.is . illustrated in Fig. 25) as inputs,
carries out theriii%%fg%ér%’t :ﬂg]r% Wﬁl&ufzmggih%rﬂﬁﬁﬂa@s@cfgﬁoﬁﬁﬁﬁﬁtIfqrohl |,
| i1, miokQu@fcamhdenaoniolled farhbupprdseihgvthe reapaeiton- aiesst, oind $he 8 2

cor r espornglisfidtiog i clﬁgﬁ&i | The wavef orm generation section
al b recei vega%lbﬁiég%ﬁ;joégﬁe %@%%%ﬁéeérllfgélrélag?e(p 1ich2 I , - - of the '
h a¢e

har noni cs i k diagisen gHuswaing asnainpsecsionaof] ageimseatees t he

capaci t orcontraléinly appaldgebhfupo ' 7 iqna (1
Ther ef or emé’%ﬁgﬂ:ghi 1gp?nver ter c?n@%fﬁﬁ%dcggbéé&a%%%&.ﬁ@%g| tol{feg%eﬁq%
a

capaci tor t i. can be calculated. accurately, the current for torque
can 26 be cont rlal thisl ihverteuppnesHimg abbaraapagh tRET qhﬁfﬁ@hicsagﬁa%ﬁa
i I o] i agram

di storti Qﬁbérﬁtibﬂesec%‘ﬁegll%téﬁl@fe%gg re&eré]l?:ga 568 sellidn 718 constitute the

illTustrati'ng a main sec _ _
capacitor current operation section 31 in Fig. 5.

The FFT operation section 31a receives the absolute value | i |
of the power current calculated by an absolute value operation section 31f

and the absolute value phase 8, (=2- 0 ,) (8, is determined its 0 phase to

be at a peak point of the absolute value | v, | of the power voltage as is
illustrated in Fig. 25) as inputs, carries out the FFT operation, and outputs

amplitude components | i, |, |i, |, * = of the harmonics i,

Ly, * * Which are in-phase of —sin§, corresponding to the capacitor
current i.. The waveform generation section 31b receives the amplitude

components | iy, |, |iy, |, * * of the harmonics iy igg, * *and the

absolute value phase 0, as inputs, and generates the capacitor current i,

based upon an equation (17).

_ic = ”'icm' sin 6, “lichz"Sin 20, -|ic,,3|-sin 36, - i
Equation (17)
Therefore, when this inverter controlling apparatus is employed, the
capacitor current i, can be calculated accurately, the current for torque can



control ling apparatus of a further enbodiment according to the present
invention. This inverter controlling apparatus differs fromthe inverter
controlling apparatus of Fig. 6 in thagga waveform generation section 3lc
is enployed instead the waveform generation section 3lb. The waveform
generation section 31c receives only the anplitude conponents | ichl | of
the harnonics ichl, ich2, - of twice frequency with respect to the power
frequency and absol ute value phase 2 - 6 1 of the power v.oI tage, and

gener at esbewengegiles farrsuppressing the caphcitoucseent abeliheed fstortiont fputie ng

onl. t he ' fRRRent with respect to the power frequency may
be yerrpl Ogggegguﬁegﬁg}n%e at | (E)lh section 3la. As is understood fromthe

equation (4), hEHmhile dahinck: degram tlhistratng, sl maie seeféon ef ramsweerter | owi ng

t he i ncr easetroHim@rappairstusr gfra 'furth@h%ﬁb@dﬁneﬁﬂ‘ﬁcé&&ﬁﬁ'gtﬁf tHé’L(SI%@énﬂ S can
be generagﬁ& ép consi derably high accuracy even when~the order s
determ ne 61\9100 ‘'only the twice frequency wth respect to the power

frequency, the dhiferitvertey apmiticdingheppafatuas differd | frosh r shedinverfdg. 7.

Therefore ol TR he: GOAL: |J ratus is. enplayed,, t he
operati onc?f(:i)\ggngﬁ hggh%\rfg%w; lg'egtd{éghlfl‘! ?%ﬁﬁgﬁﬁﬁ‘@ g%}ergﬂppesﬁpa%pgi ]éé’rf' be
cal cul at etleyeduasigad: the waveéorms genaratiqnesestionod 1bontTlwd Iveaveform
suppressing the capacjitor current, and the distortion in the power current
can be regerertion sect®n 3larddedvds dnbottenamplinede abhipn2ni@l 'Ilic ?qt'(ﬁ” of an
inverter controlling apparatus of a further enbodi ment according to the
present invention, This inverter controlling apparatus differs fromthe

i nverter theoherBpRigsylappasatus of twice fequencyavith wapect tothe! _
pattern storage section 31d is enpl oyeg instead the FFT oper ailont;sectlon
3la and veform generation section alb, The capacitor current pattern

st or age sga(?ﬂpﬁﬂcgl%l‘gt%?sé’ utsr ¥alusuphgse oder e®fclwapover voltege; and based
upon the equation (5), and carries out 27 | ooki nc?-qp operation based upon
the absol EEREEAG I pRRACItOICWTeRtfi ¢ héf course, a device for outputting only

the twice frequency component with respect to the power frequency may be
employed as the FFT operation section 31a.

As is understood from the equation (4), harmonic amplitude of the
DC voltage v, decreases following the increase in harmonic order n.
Therefore, the capacitor current i, can be generated with considerably high
accuracy even when the order is determined to be only the twice frequency
with respect to the power frequency, the order being applied the FFT, as is
illustrated in Fig. 7. Therefore, when this inverter controlling apparatus is
employed, the operation load can be greatly reduced, the capacitor current
i, can be calculated accurately, the current for torque can be controlled for
suppressing the capacitor current, and the distortion in the power current
can be reduced.

Fig. 8 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present
invention.

This inverter controlling apparatus differs from the inverter
controlling apparatus of Fig. 6 in that a capacitor current pattern storage
section 31d is employed instead the FFT operation section 31a and
waveform generation section 31b.

The capacitor current pattern storage section 31d stores previously
operated capacitor current i, based upon the equation (5), and carries out



r voltage. Therefore, the operation |load can be mnimzed, the
| (F:)g\g:citor gurrent is can be calcul ated accurately, the current for torque
can be controlled for suppressing therapacitor current, and the _ .
distortion in the power current can be reduced. Fig. 9 is a block diagram
illustrating a main section of an inverter controlling apparatus of a
further embodi ment according to the present invention. This inverter
controlling apparatus differs fromthe inverter controlling apparatus of

[ [ b it 31 furt her
el uded. OShaheRs SRRFAAGH VALEN o e HloRer e ahast 8L o O HE

' . t pattern storage
capaci tor | output fromthe capacitor curren
section SRQWC ﬁ’@flﬁalgg di fference between the maxi num value Ymax and the

i ni num val ue Virheredpre, hﬁl@(bpﬁrhtlage load!, caas bf‘ﬂﬂtﬁlﬁml@@ﬂr ithé  eapadior

Ui 1 o oleAl icft 180 daldilintcUCCRPIERS e RBrffafol obif i ey
ar;pgr at USCWPL\’(G < ssupare%mggrfhmcamcd@mum@u \ﬂnﬁhtheaﬂﬁterm@n tin theg. 10.

Fig. 10 (poweklcustanrican te wavekar m of the DC vol t age vgc V\ﬂenfthled m ni num
al ue of the vol e vd sdeter ned to be vmn by the fie
\éont rol l'ing, \?/r% %1% a Blgek) I@Br%r@tﬂﬁisgﬁt@gv@mam peasion loé aIClIWﬂItGIge vdc

when | oadcomtrollghy appasdtul sof anfaithes tewlSodimdar ABAGEIS "RONEN 8 fhe DC
vol t age vgl f“? ngeg dependi ng upon | oad and controllin on tlon as S
r

under st oo omFigs. 10. In the inverter controlling apparatus of Fi g. 9,
the capacitor clihiseninverter c conawing bupparatus ndiffets t ienPpeiat ipfrafy t he

t ﬂEaEASQCC&%‘?é’“m apfarafaPBEELG S 3 &é%%@ﬁ%ﬁ@%'?ﬁﬂrgﬁﬁﬁta%r%ﬁnﬁ%%eﬁapﬁr srore
operat | onéij%slé withee inghwledandT b@n@&tpﬂdlimgcummtcmctidﬂe sperioan3 1eor
torque cafeceéverothie’ hpLdtor @irrent i’ output from the capacitor current pattern
storage section 31d, and the difference between the maximum value A\
and the minimum value V_, of the DC voltage V4 a8 inputs, carries out an

operation of an equation (18), and corrects the capacitor current.

i = Vmax "Vmin g

‘ Vioax i Equation (18)

Operation  of ‘the inverter controlling apparatus having this
arrangement is described with reference to Fig. 10.

Fig. 10 (A) illustrates a waveform of the DC voltage v,, when the
minimum value of the DC voltage v,, is determined to be Vnin DY the field

- controlling, while Fig. 10(B) illustrates a waveform of the DC voltage v,,
when load is light.

That is, an amplitude of harmonic component of the DC voltage v,
changes depending upon load and controlling condition, as is understood
from Figs. 10.

In the inverter controlling apparatus of Fig. 9, the capacitor current
is corrected by carrying out the operation of the equation. (18) by the
capacitor current correction section 3le. Therefore, the capacitor current -
can be obtained with accuracy and with simple operation despite the load
and controlling condition, the current for torque can be controlled for
suppressing’ the capacitor current, and the distortion in the power current



suppressing' the capacitor current, and the distortion in the power current
28 can be reduced. Fig. 11 is a block diagramillustrating a main section
of an inverter <controlling apparatus2sf a further enbodi ment according to
the present invention. This inverter controlling apparatus differs from
the inverter controlling apparatus of Figs. 3 and 5 in that a subtraction
section 22a is further included. The subtraction section 22a subtracts the

phase 6 fQr . correction (q - axis current phase conmand) fromthe phase 61
of the pcg\ﬁel?e%(?‘fcféfe so as to obtain a corrected phase 6 , and supplies

the corrected Kiadd i8 4 bladked mignenbiluaneniid 8insecié@braf a%rv%h'fe?” of .
the inverdgfir ﬁﬁtgr ggb%ﬁgug %‘aﬁﬂ havi qﬂ)dghl S arrag enment 1s as follows.
When 6 is small’, ©co 'S 3’33 0 ToGMPPAident ageprdme 4o the ppgsesti nat ed
to be 0. MNERBPBre, relationship of an equation (19) is obtained. sin2(01
4-~ = sin2 91 Fhiz Si 1 [ e nd..item,of the equation
(19) becomeni qﬁglogi tq g{lgrﬁgfs)ecglgﬁtaﬂg@aé _iartag:rwcgﬁ?%ﬁt qcfgmvvh%‘r? $miv§rte(1:]
det er mi né®PHPIHEERPRAT APKa6E Fighat angd Snisythdtva subtrdciion serpiiont 22 isan be
controll ed based upon 'the magnitude of the q - axis current phase conmmand.
Ther ef or dUrthgs iahwuled: orThﬁ:lrSugtmctionmtibﬁ 22arpabaat&dtH®pRaKASE! Yor by
enpl oyi ng the arrangenent of Fig. 11. Fig. 12 is a flowhart expl aining
power phase synchroni sm processing. The processing is started in response
to the ricﬁqﬁ%@n (e~ apswenrrent phgse (comimand)f frone ther phaseos8 | def ghé i on
signal for the input 29 voltage). In step SP1, a phase angle 01(j)is set

to be 0. _Then t?e processing returns to the original processing. Herein
and her eil¥¥¢lerVOllage 5Q 4% i@ ppiainsa ewaeetsdr phasmi B and asypEigoithé .

corrected phase 6 to the sin* 0 generation section 22.

Operation of the inverter controlling apparatus having this
arrangement is as follows. '

When 6 is small, cos 6 is approximated to be 1, and sin8 is

approximated to be 0. Therefore, relationship of an equation (19) is
obtained.

sin? (8, +&) = sin ? 0, ~& -sin 20,
| Equation (19)
The second item of the equation (19) becomes opposite phase of the

capacitor current i, when £ is determined to be delay phase, that is
negative, and its amplitude can be controlled based upon the magnitude |

& | of the q—axis current phase command.

| Therefore, the capacitor current i, can be compensated more easily,
by employing the arrangement of Fig. 11.

Fig. 12 is a flowchart explaining power phase synchronism
processing. The processing is started in response to the rising of the

power voltage (rising of the zero—cross detection signal for the input



Fig. 13 is a flowhart expl ai ning power phase generation processing. The
processing is started at predetermned interruption interval T. In step
SP1, a phase angle 0 1(k - 1) is inputggln step SP2, a phase angle 0 1(k)
at the present tinme is generated by carrying out the operation of 0 1(k) _
0 1(k - 1) + AO . Then, the processing returns to the original

processing. The constant L O is determ ned as follows, for exanple. Vhen :
t he power frequency f1 = 50Hz, and when assunption is nade that 01 = 3600

is the po ser,0f Oggid t t t he i;nt tion in IS 200 u s,
00 (=0 ‘f%[tag?)”‘ TE? s[g%g %EZ &F% angle; ?é] SRE HQr ee pl aﬁ%ﬁrhg theurrent
control li rocessi.n T ocessi is,carrjed out at ever

pr edet er mBﬁ%‘geS?H}é’eF?tHg‘P? & QF‘?\ %g}aﬁf pfgcqslslrg -ep in a@(ﬂ\élelr@tn@%ﬁe@ndle
position suffiralj)ds rm(sed torrect@gmzead I%Obmhﬂl W( n) , DC voltage vdc(n), and
nmotor currents !g éa m:ﬁ 5 % i S, an i nteger which
is incremented at®every proc gs]?(é?feép ase gROeAtiOn PIQCSSSBger at i on
processi nahﬁrmW§Wlég-1§ lseareed at p mealtmi;em‘ﬂptlonrlnta?dab”![l‘t stn atep O
calculate the dg-axis currents id(n) and iq(n). In step SP§ dg- axi s
command cOPdent cimaemtgl@neq(hcesslhg inpucar In e poSP2, h'ibh%b@ﬁngﬁ?@ (kdg- axi s
current commnds id(n)* and ig(n)* are input. In step "SP5, Oper dti’ons of
Ed(n) = gﬂl)* - id(n) and E q(& =iq(n)* - ig(n) are carried out so as
to cal cul &E & gresens ttmcrlérgentéai bymaﬁﬂﬁg)ommeEopélm)ilon 3p BHL(E)ep SP6
operations of vd ' (n) =1d Ed(n) + lid Ed(n) and vq (n) KM E q(n)
+ K q I E 9(n) i e ca @ed out so as to performPl operations for

dg- axi s v I sTeFA Themsuthe r@rwasmngl Ir¢tugns peer aheowriginglvd( n)
=vd ' (n) - Lq |q(n) n Wmand vg(n ) =vq (n) +{ .1a+Ld i d(n)
} n W, DPIoe@sgingarried out so as to calculate dg-axis voltage commands

vd(n) and vq(n) . In step SP8 , conversion operation processing fromd-q
to three- phaseTheawotistmited\ i maieteﬂﬁnmda§ﬁ)li9§w§0f(ﬁ%)@%€ke vol t age
command for each phase vl,(n)* , v,(n) *, and vu,(n)* step SP9,

operation of anWlestiaheopowsP)fré§uain’y fed FPHEO A WhehahsilAbGoRYLsSE

wi dth for each phase r
made that 8, = 3600 is the power phase of 360° and that the interruption

interval T;is 200 us, A 8 (=6, - f,  T.) becomes 36.

Fig. 14 is a flowchart explaining current controlling processing.
The processing is carried out at every predetermined interruption interval
T

§*

In step SP1, the rotational position signal @ _(n), rotational speed

w(n), DC voltage v, (n), and motor currents i,(n), i,(n) and i,(n) are input

(n is an integer which is incremented at every processing). In step SP2,
transformation operation processing from three-phase to dg-coordinates is
carried out so as to calculate the dq-axis currents i (n) and i (). In step
SP3, dq-axis command current operation processing is carried out. In step
SP4, dg-axis current commands i,(n)* and i(n)* are input. In step SP5,

operations of € ,(n) = iy(n)* — i(n) and € () = i(n)* — i(n) are

carried out so as to calculate dg-axis current deviation &€ ,(n) and € o(0).



"(n+ 1), zv(n + 1), and z (n + 1), and to store the pulse wdth in a PW
VI timer. Then, operation returns to the original processing. i(n+l) |
{vu (n)*/v d,:(n) }+1/21 T, (n+1) [ {sov (n)*/V d.(n) }+1/21 Th i(n+l)]
{v,v (n)*/vdc (n) }+1/21T~ Equation (20) Next, the operation in step SP3
in Fig. 14 is described. Fig. 15 is a flowhart explaining a conventi onal
operation in step SP3 in Fig. 14. In step SP1 , the power phase 6 1(n) and
g-axis current average value conmmand I iq(n)" | are input. In step SP2,

oper ati on i * = i.aln)* 1,, si.ne 61(n) . is rrigd out so as to.

cgl cul at eﬁfﬁtgpqgi‘lg% %p%rﬁbgéﬁ%)fcvdrmarﬂ?ﬁpq( §1§ 2ﬂ(IF)n"F §€e6 SP@ d r&)pftﬂ(hffi, &n) of
id(n)* - 11 a/Ld+ (2/Ld) [ { vde/n/ wmn) } 2 - { Lgiqg(n) 12]11 is
carried ot S ' cal 1. (- axj rrent co nd i d(n)¥*. Then,
operation Fét gr" s) {'_g{"ﬂ heZc olgr‘l%g? %{éﬁ{]ga%geég%@é#(iag?%%%&E,Y%PSFﬂfé(g%‘)afqron of
expl o i roaniS Yo Btk B e SR et O0n Bt e Wb AEeRitseRt ot i on
in step SP3.,,n Fig., 14. I1n step SP1, the power phase 61(n), Qg-axis current
aver agg VEYIU&nn)co'rﬁT&md' Fq(flg(' M * W, aghd @ ayg (o) Hdudrendyinigm) Jar @ i nput .
Intstep SP2, operati?n ?1;] iq(n)* _ | iq(?)* I sidne ? )l(n)l- ii isS(F:)grried
out so as a e g-.axi urrent co nd ig(n)*. In step :
oper at i onajda ?%( %&iﬂ%aﬁﬂtdsgr a?fPL C‘Sf:lage aH@’ﬁﬁ tags) cammands ydgn) jagdn)
12]1/2 is_carried qut as to calculate the d-axis. current conmand
id(n)*. Thefl): oﬁér ‘?l?oﬂ?&r EPUVHS1eD apesalden gptegespngcBom yq Thdhedeor e,
conpensat plaseotoottinamats tarrieloue o 68obealealds Stbitile cofitfland “tdrS 2

fl owcharteetplaib g @ ORE(D% Ofhd fvﬁﬂ?’g.herlne-)s(taegp I861\39, operation of an
equation (20) is carried out so as to calculate pulse width for each phase T

(n+1), T (m+1),and 7 (n+1),and to store the pulse width in a PWM

timer. Then, operation returns to the original processing.

T u (1]+1):[{Vu (1’1) */Vdc (1’1)}"!“1/2:\ "Tc
tv (n+1) = [{vy (n) */ v (n) } +1.72] - T
tw (n+1) =[{ve(n) %/ vec(n)} +172] - T,

Equation (20)

Next, the operation in step SP3 in Fig. 14 is described.

Fig. 15 is a flowchart explaining a conventional operation in step
SP3 in Fig. 14. '

In step SPI, the power phase 6 ,(n) and g-axis current average
value command | i (n)* | are inpﬁt. In step SP2, operation of i (n)* =
| i,()* | - sin?@ (n) is carried out so as to calculate the g-axis current
command i(n)*. In step SP3, operation of i()* = — A /L, +

(VL) ve/n/ W)} — {L; i (n)}*]* is carried out so as to calculate the



according to the present invention in step SP3 in Fig. 14. In step SPl, the
power phase 61(n), g-axis current phase conmand $ (n), and g-axis current

average value command | iqg(n)* | are igput. In step SP2, operation of
ig(n)* =1 iq(n)* I sin20 (n) - $ (n) is carried out so as to calculate
the g-axis current conmand iq(n). In step SP3, operation of id(n) * =- A

a/lLd + (1 /Ld) [ { vde/n/ Wmn) } 2 - { Lg iq(n) } 2] 1/2 is carried out
so as to galculate the d-axis current command id(n). Then, operation
returns t 8 ¥HE W‘F@?%SPW@@&S@&?&: ThEeRs eperatiampenyasitonthe original

capaci t or peotessirig.can be carried out nore easily. The invention of claiml
has a characterkstic. effect that . har ics ipn power current can be

reduced. The in If?ﬁ?ﬁ%?oﬁpspﬁ%té% 198 GAPRSHOT NIrEaitj cangiokibeaganried hat  of

32 claim out.by carrying out the torque controlling for a notor, speed

controlling for of: . O, iLke. The invention of clap.m3 has ap effect
which is sinil af?g'g%hr}ﬁ %fﬁg‘&cbf‘ﬁm f,XPE%}“H!ﬁ rdf} r@%ﬁ{lo’@hgtc@ht?ﬁmp of
t or que or AGERLAINE to dhe poesgu inTentiomuestepoSP3findligi M4 has a characteristic
effect that harnonics in power current can be reduced. The invention of

claim5 has a charstep SPKtile pbivestplidveto K@l?,f’ﬂqltﬂhﬁi% curteROWREr{p¥ V8lfe Can be
reduced. The invention of claim6 has an effect which is simlar to that of

claimb5, by car réi g out lEhe torque controlling for a nmotor, speed

control | i RIABAN @n*or , and ¢apaeitoTmirrenteny(roareoinmitai M7stbpsSED, ef f ect
which is simlar to that of claim5, by carrying out the controlling of
torque or current far Sg_gug._ The 'ane,n ion of claim8 has a characteristic
effect t hQPEFMIAR AL ds()* = pdvigt)Eul resin’ éhr(nhe— ddis eartipd ragass mg tohe
capacitor current. The invention of claim9 has an effect which is simlar
to that ofalcylatenthe qTawnsiciusent oanufiand & (n)*0 HasstepcBRBawperaton cofef f ect
that the

ign)* = — A /Ly + (ULY[{vy/n/ w (n)}* — {L, * i,(n)}*1"* is carried out

so as to calculate the d-axis current command iyn)*. Then, operation
returns to the original processing.

Therefore, compensation of the capacitor current can be carried out.

Fig. 17 is a flowchart explaining an operation of another example
according to the present invention in step SP3 in Fig. 14.

In step SP1, the power phase 6 ,(n), g-axis current phase command
& (n), and g-axis current average value command | i(m)* | are input.

In step SP2, operation of iy(n)* = | i,m)* | +sin>6,(n) — & (n)is carried
out so as to calculate the g-axis current command i,(n). In step SP3,
operation of i(n)* = — A /Ly + (1/L)[{v,/n/w (n)}* — {L, - i,m)}*1"

is carried out so as to calculate the d-axis current command i(n). . Then,
operation returns to the original processing.

Therefore, compensation of the capacitor current can be carried out
more easily. '

The invention of claim 1 has a characteristic effect that harmonics
in power current can be reduced.
The invention of claim 2 has an effect which is similar to that of



operation |oad can be reduced, in addition to the effect which is simlar
to that of claim9. The invention of claim1l has a characteristic effect
that the operation |oad can be reducegyg in addition to the effect which is
simlar to that of claim8. The invention of claim12 has a characteristic
effect that the capacitor current can be calculated wth accuracy, in
addition to the effects which are simlar to those of claim1l. . The
invention of claim13 has a characteristic effect that the conpensation of
the capacFlam cly risntcasayinge wdr thedioargue easntrylling futdia imotort ospéwel ef f ect

which is | 33 What is clainmed is: 1. An inverter
control li ggﬂtnrg?l%é‘f?iﬂgﬁ%g{rcﬁtﬁbmlg i ncl udes a si ngl e- phase rectification
Ct

h
circuitry (2) a Hyveat lﬁﬁagg Cllfﬁ%%t bas @) ctiget svhichds similpaptocthaine® of a
capaci t or cldiin ¢pbpeatsdn RE c@tih@'lﬁn of ih esopéurrbﬁ?fo?‘t@ﬁ Ee phase

| | t a
Singl e phase. r el DT MG in 7o Plaifh it &q?@r%q‘ip siic effeathet harmogiescy
W t-h respmpomra:mmnmcamrlwlmhmpd and control frtehe t hr ee- phgstehlrg\e/e%gge
u

verter (4 ¥L‘T%e°nf.§%v%¥“18é§’5f;§dﬁd2ﬁét%5p agicle : ‘érqf%,fgnhﬁfm?’f"ﬁ%’f) 5%

PR FUATEN uogdn t ntrolling for suppreSS| ng a
MR A i 6?ﬁ°” o8 g

g’I‘hB v ﬁoﬁaﬁﬁ%!élﬁi %% an gff@%tp%ﬁﬁh vt?OS? 1@% 0 }f n%f et hod

si ngl e- phase tificatian circult nver
as get 1? oFfeﬂ n§’clt%}i LY Iige 8 n t}i%emf%@h@@nfé@ﬂmgﬂ@rtHtemﬁt(u‘r §ied or
suppr essi ognerotlirg émtafrh@ourrmthetm(ethe capacitor (3) froma power source

I fi IrCUIt verter
Yoatron iSIngj ot %Sﬁ’svr By of Blaift 7. R aihySeket Fliiah is StmR ow s ref of s a
torque orc ménbyfcarryungcqmetlﬁ@coatrpum%sfm@r@ecwm&ént fdraer Itnto t he
capacitor (3) TaemaRANSH GPUL5H ¥ fas Derakaglesph Afoct (RS harr%%nké)sn

circuitry, (2).
in power current can be reduced by negating the capacitor current.

The invention of claim 9 has an effect which is similar to that of
claim 8.

The invention of claim 10 has a characteristic effect that the
operation load can be reduced, in addition to the effect Wthh is similar to
that of claim 9.

The invention of claim 11 has a characteristic effect that the
operation load can be reduced, in addition to the effect which is similar to
that of claim 8.

The invention of claim 12 has a characteristic effect that the
capacitor current can be calculated with accuracy, in addition to the effects
which are similar to those of claim 11.

- The invention of claim 13 has a characteristic effect that the
compensation of the capacitor current can be carried out easily, in addition
to the effect which is similar to that of claim 7.




4. An inverter controlling apparatus is an apparatus which includes a

si ngl e-phase rectification circuitry (2) and three-phase inverter (4),
determ nes a capacitance of a capacitosgs(3) connected between out put
termnals of the single-phase rectification circuitry (2) for allow ng an
. out put voltage of the single-phase rectification circuitry (2) to pul sate
at twice frequency with respect to a power frequency, and controls the

t hree- phase inverter (4) for supplying output voltages or output currents
fromthe three-phase inverter (4) to a notor (5), the apparatus is
characterized in that the apparatus conprising suppression neans for
suppr essi cunrent .flowing into the capacitor (3) froma power source
via the s?ﬁg? §dﬂﬁgge¢é%tification circuitry (2). 5. An inverter :
controlling apparatus is an apparatus which includes a single-phase

rolling arat | ! Sopnas
Capaci t anb. yT ARSEiEE LontoBR8 EfIRET B % MBS hie ipdsiansieler °t ne

si ngl e- phase Phase rectelicateon eircoiiry (3) eyl three-phasedmgrees (4¢,m1¢xprmhfoé§ age of
W th 1 eopect openahte (GfY bapaditércty fohrictled Bofbar bund! enllififls GE o
\(M4§ hf or S 5S|to|”§/$ n%"%fﬁmﬁbﬁségi%cﬁ%tw GHEGIEY €} rignt llomongt BB OutRet phase
i nverter (4) voltageroft e difyle-pheseprpaifasation EfcGhiaf ﬁg g%é B, ‘?gfg)the
apparatus cogprising controlli g% rgaans er(érz) §13%(_14) 20 K&at (31)(
31a) (31b) (31 e(dé‘f&)cg’s‘fé‘)h(% 9@ POWET; HEQHEREY: #ad sonteadsithe| thiregy f or

suppressi ng @hase imvertdd @hi fog supplyingreutpapeolthges 68but ﬂ@l&‘é}ﬁ?ﬁ'rﬁi‘oﬁpur ce

: i i ' i ' : | .
cont rol 1 1 ng- i PRERREE! et (ol IAlbL(), ‘Ghamérmed inhianiarined ng
means (12) (1%) (thaj ¢he)methd %)r(msmgéa (S_t?iaﬂ)g( Gditry iy oht ?ﬁl)tftﬂilhﬁtgg ﬁ??] g 32")
ﬁiﬁécf? 2? r ?gu???ﬁ?g{ﬁm@@éﬁ;@é%ﬁg ﬁﬁte’ gﬁenﬁﬁg%ﬁ@}seébe%ﬁ?i%&qv%?{ _
circuitry (2FOYICeaniatheayngle-phase wctificgtiopeirenitry @3. set forth in claim 5,
wherein tPe An inverter controlling method as set forth in claim 1, wherein the
method controls the motor (5) for suppressing a current flowing into
the capacitor (3) from a power source via the single-phase rectification
circuitry (2).

3. An inverter controlling method as set forth in claim 1, wherein the
method controls a torque or current for torque for suppressing a current
flowing into the capacitor (3) from a power source via the single-phase
rectification circuitry (2).

4. An inverter controlling apparatus is an apparatus which includes a
single-phase rectification circuitry (2) and three-phase inverter 4),
determines a capacitance of a capacitor (3) connected between output
terminals of the single-phase rectification circuitry (2) for allowing an
output voltage of the single-phase rectification circuitry (2) to pulsate
at twice frequency with respect to a power frequency, and controls the
three-phase inverter (4) for supplying output voltages or output
currents from the three-phase inverter (4) to a motor (5), the apparatus
is characterized in that the apparatus comprising suppression means for
suppressing a current flowing into the capacitor (3) from a power
source via the single-phase rectification circuitry (2).

5. An inverter controlling apparatus is an apparatus which includes a
single-phase rectification circui;ry (2) and three-phase inverter (4),



controlling nmeans (12)(13)(14)(20)(
22a)(28)(29)(31)(31a)(31b)(3|c)(3|d)(31e)(32)(32 ) (33) contorols a torque
or current for torque for suppressing & current flowing into the capacitor
(3) froma power source via the single-phase rectification circuitry (2)

8. An inverter controlling apparatus is an apparatus which includes a

singl e-phase rectification circuitry (2) and three-phase inverter (4),

det ' aci tance of capa itor ( nnect ed between out put
tgrrenr rn“a{fso? %‘%‘i“ﬁél?‘e"ﬁﬂ%%l et A %ﬁ%f %acqmwtf@betweelalq%mhg an

out put vol t agerminalhef thaglirglehplsse retiffdatiin olcsitrE Q%)ngdr ﬁﬁ%}}»gili Pd}[ﬂhz ate
enc

T oo Sﬁafsree?’?? V*”t%%‘ oeCliph PRESY o ficdint Slisaly GItotbuRats rent s

fromthe thr@ét Wh% rqua@r:yemtbzl)esp@ctatmmtpmwc(xsﬁrﬁquemﬁmmf abngols the o

mans. (31) ??H%dé pige ““%?‘%g; | $or® SBplyIE T ontR? i ekt o By R ®

PF g\r/]\nsng i nt oY ﬁ"é €-Phase MRSy (4)st@ua taotor {5) hthesapyrratyshase

rectificatiofis aiHaeacterivel2in thad (ha!rd aﬂ’u%r co

ﬁ fr@f ﬁgﬁg CObdt ?gtlingg

(32)(32) (33) s 5erentig, daguersi FEL RLAGE Cooey OB T The
control i ng 38pdfar atamsyi @ﬁtcdm@lmmgnf@t ﬁhpﬁpre§51n‘g2@|rcﬁkfb§rt]g?o Iﬁgg)?@t
poner curentit %8?@?&@5 Bl B3 o iiicg A AP HRleaehats TCRaRtion ol ai m
9, wherein acCilguitrpi2y component of a tw ce frequency vmth respect to t he
ver ter Sont 1ol erteRELRBHIRE Apbardtas et Rt 1 AalriCichoeteinn e
ngggffgrcgﬂﬁbgﬁp@%&ﬁggﬁw means (31d) outputs tqf capaci tor current t
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upon a directcapaciten(3)Vfrohaggower source via the single-phase rectification
circuitry (2)

7. An inverter controlling apparatus as set forth in claim 5, wherein the
controlling means
(12)(13)(14)(20)(22a)(28)(29)(31)(31a)(31b)(31c)(31d)(31e)(32)(32’)
(33) contorols a torque or current for torque for suppressing a current
flowing into the capacitor (3) from a power source via the single-phase
rectification circuitry (2)

8. An inverter controlling apparatus is an apparatus which includes a
single-phase rectification circuitry (2) and three-phase inverter (4),
determines a capacitance of a capacitor (3) connected between output
terminals of the single-phase rectification circuitry (2) for allowing an
output voltage of the single-phase rectification circuitry (2) to pulsate
at twice frequency with respect to a power frequency, and controls the
three-phase inverter (4) for supplying output voltages or output
currents from the three-phase inverter (4) to a motor (5), the apparatus
is characterized in that the apparatus comprising: :

Capacitor current operation means (31)(31a)(31b)(31¢)(31d)  for

calculating a capacitor current flowing into the capacitor (3) from a power

source via the single-phase rectification circuitry (2); and Current for
torque correction means (32)(32°)(33) for correcting a current for torque



detection value. 13. An inverter controlling apparatus as set forth in
claim?7, wherein the <controlling nmeans (22a) includes phase determ nation
-means (22a) for determining a phase gf the current for torque to be a
del ayed phase.

by subtracting the obtained capacitor current from the current for torque.

9. An inverter controlling apparatus as set forth in claim 8, wherein the
capacitor current operation means (31a) carries out the harmonic
analysis of the power current.

10. An inverter controlling apparatus as set forth in claim 9, wherein a
harmonic component of a twice frequency with respect to the power
frequency is employed as the harmonic analysis result.

11. An inverter controlling apparatus as set forth in claim 8, wherein the
capacitor current operation means (31d) outputs the capacitor current
based upon stored pattern.

12. An inverter controlling apparatus as set forth in claim 11, further
comprising correction means (31e) for correcting the capacitor current
output based upon stored pattern, based upon a direct current voltage
detection value.

13. An inverter controlling apparatus as set forth in claim 7, wherein the
controlling means (22a) includes phase determination means (22a) for
determining a phase of the current for torque to be a delayed phase.



