1 19 JULY 2006 Specification Inverter controlling nmethod and apparatus

t hereof Technical field The present igvention relates to an invergguLY 2006
controlling nethod and apparatus thereof. Mre particularly, the present

i nvention relates to a nmethod and apparatus for controlling a three-phase

i nverter, for supplying output voltages or output currents of the

t hree-phase inverter to a notor, which nethod and apparatus include therein
a singl eSpeafecatget i fication circuitry and the three-phase inverter and
determ ne a capacitance of a capacitor connected between output termnals
of the single phase rectification circuitry so as to pul sate an out put

vol t age drverter contpdldingeethod endidppamtiistheieofui try by a frequency which is
twice of a power frequency. Background art As is known fromthe past, an
inverter circuitry is a circuitry which transfornms a DC power into an AC
power Wi t’Eﬁ:Chamaéﬁeédf requency and variable voltage with high efficiency by
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cont r ol | iapgastus dheracdn niviaser arsicularly,otheugresens inveations eelatesatmiae. | n
general, a diode-bridge circuitry having a sinple circuit configuration is
enpl oyed methodranb dppanangs for A@itpollire & thizea— Phagoweverterafud suppipivighi ng
capacitor having a | arge capacitance is enployed for renoving voltage

ri ppl es which appear in rectified voltage. In this case, disadvantages arise
such t hatousppiovieltagesc ob ouiputpoumentssofithe threewephase mrwerteartoomimstoay e

I ncreased. For preventing or suppressing such di sadvantages, a power factor
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i s provi dagacttot heolieitede betwtbr dutpet blerddaalsi refui they, 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,



2 19 JULY 2006 for the purpose of inprovenent in characteristics for power
source power factor and power sourcegharnonics (refer to Fig. 219 JUMY 26106
such inverter circuitry is enployed, a snoothing capacitor having a |arge
capaci tance and a power factor inprovenent reactor are needed. Therefore,
di sadvant ages arise such that a size becones greater follow ng the
enpl oyment of those elenments, and increase in cost is realized. For
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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 omifting 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, lowering 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



“weakening control. Wien this nethod is enployed, an input power factor of a
rectification circuitry is inproved by controlling an output of tJUDYQooer
connected to the rectification circuitry to have a desired waveform
Decreasing in power source harnonics can be expected. Therefore, an
el ectrolytic capacitor having a | arge capacitance, reactor, and chopper 3 19
JULY 2006 becone unnecessary which are conventionally necessary to realize
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inverter circuitry of Fig. 18. The absolute value | v; | _of the AC voltage
and the Thsgsamathaned ontordssupplieddo ghodnveter ortdrivingrtbenpotetal ues whi ch

are directly ngasHTRNiHVerBr i diftyas iethplyedUdr Home devices, a reactor
(about 3.5 mH when a capacitance of a capacitor is 2000 g« 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% (P =37° . When the magnitude of the absolute



Oin Fig. 19 represents a phase difference between the AC voltage v1 and
the fundamental wave of the power curgent i1, that is a power fatd¥LY 209
power factor cos O of the inverter circuitry of Fig. 18 is lowand is up to
about 80% (1 = 37 . Wien the magni tude of the absolute 4 19 JULY 2006 val ue
I v; | of the AC voltage exceeds the snoot hened voltage Vd, between
termnals of the el ectrolytlc capacitor, the diode of the rectification

circuitry turn vver current i1 flows therein. Therefagre, the
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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) i1s employed, the DC voltage changes

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



18 in that a capacitor having small capacitance (for exanple, a capacitor
havi ng capacitance of about 11100 capgcitance value) is enpl oyedg JUiL'¥2006
the electrolytic capacitor having | arge capacitance. Wen the inverter
circuitry of Fig. 21 (hereinafter, referred to as condenser-less inverter
circuitry) is enployed, the DC voI tage changes from Vmax (the maxi mum val ue
of the power voltage vl) to V,";,, determned in correspondence with the

i nducti on vol tage generaﬁ ed, by the motor al ong 5 .19 JULY 2006_t he absol ute
val ue | the abgglutualenel vy bl Ofdhe p@§vq1sv¢1tagﬁst&SdﬁéHusHatngm big. 2
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controlling apparatus conprises a Pl operation section 111 sing 01
generation sectio g-axis current comuand operati Enﬁﬁkggon 110.
The Pl opeta®on i@eﬁmnﬁ)iﬂl receives a deviation of a spe nd w nt
and a real notor speed Wmas an input, and outputs a value | iq* | by
carrying out Pl operation (proportional and integral operation). The sine O
(generation segilon 112 recelées a power VOlt?pﬁ%&é as an input and outputs

a signal sine dToghtheequation 6hnths BAWeMIaFtON oesomes edyal torfe g- axi s
current conmmand operation section 110

more than 97% when V_, /V . {=cos(8/2)} > 2.

min {

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 _* and a real motor speed _, as an inpui, and outputs a-
value | i,* | by carrying out PI operation (proportional and integral
operation). The sin® @ ,generation section 112 receives a power voltage v,

as an input and outputs a signal sin’* 8 ; 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



obtains a product of the signal sinZ 0 1 and the value | ig* | , and outé)uts
6 19 JULY 2006 the product as a g-axig current conmand i 9" This 194M-X 2006
control ling apparatus further conprises an id* operation section 114, PI
operation sections 115 and 116 for d-axis and g- axis, and a non-interacting
controlling section 117. The id* operation section 114 receives a DC
vol tage \Vd, , -axis current iqg, and a real notor speed tti mas inputs, and
out put s thedprodagl 8s 8ur-ABIHC doy™. carrying out the operation of
equation (2). ThB RhveRer akbAftoRee! | apfarkhs Athdrl Scdippisues Alevialions of
d* and 1 9* u

i dg- axes rea rrents id and iq

- dg- axes current conmmands i

and outp Lir.st - ax : > ryi ng out
Pl oper aw%l{?‘l.[m?]hsee%ﬂigﬁ- ﬁ%’ﬁa@ﬁ%ﬁ&gﬁﬁﬂggf Il;i(égd‘rgdeé? iagrﬁil%l? a%scgﬁ@ S the
first dg-axes voltage commands vd"" _and vg*' as.lnput,s and out puts second
o axes oy g CoRRBrLeRaRn g Hon el sEdiey BT obt Hende beGIeRB of
equation (3). / _~a -I- 1(_vdc qu.iq)I dn VIl co, Vg~ = Vq.'+(Aa +L, -
1d )" n setion 1Aveeeivey'a DU goltage Vi, § onaEywanTan ig2andquenal gnoi®) It is
t hought that the power current i, illustrated in Fig. 22 can be obtained
when the inverter controlling apparatus of Fig. 23 is enployed, A, and when
the g- axPRe&hrientas; dNpWs: el aytpeispd fdgraxwy gurrent epgimead; 5*abyi agr am
illustrating waveforns in a case that a DC voltage (voltage between both
t er m nal saoying oupdee vpejatian obegnatibed2)r orhhe\ithwpemitomgechens ilébd control
of a notor. For conveni ence, a phase O 2 is applied Fourier transformation

by det er andi NG recebasedévationd of df +AxeHcHrd@ Cond@@nivhi) ¢ andar T esidonds to
t he maxi num val ue of the DC vol tage Vdc,

dg-axes real currents i, and i, and output first dg-axes voltage commands
vg*” and v,* by camrying out PI operation. The non-interacting
controlling section 117 receives the first dq-axes voltage commands v*’
and v,*’ as inputs and outputs second dg-axes voltage commands v,* and
v,* by carrying out the operation of equation (3).

.a)m

» A VdC . N2
i, =——— \/; )2 - (Lq "q) | Equation (2)

un avq*'"l*(% +Ld 'id).n .wm
. : : Equation (3)

1 . . .
Vg =Vy “Lq Ly i Oy

Ii is thought that the power current i, 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® 8 , .

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

V_.. to 0 by the field control of a motor. For convenience, a phase 0 , is

applied Fourier transformation by determining a phase to be 0°



so t hat

2n- 1] cosn82}

an equation (4) is obtained. 2 V (_1)" (-1r vd = Amax {1+

~2n+1

(4) A magnitude of a current anplitude becones an equation (5) which
fl ows through a capacitor due to an AC conponent in a DC voltage
} 2n + 1
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circuitry, are generiat d’i’é'ﬂch,a't@fﬁi’echgﬁ‘v\gffﬁmé'elﬁ;t.ax\l\lévmimg‘(lé?‘di”%torted.
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Di sadvantage arises that harnonics of the power currentt Y{in

herein, f,, =2 » n = f, (f, : power frequency,n=1,2,3 = =)

_ Equation (5)

When V_, =283 V (power voltage effeciive 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 yF
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 Oto V),
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 i,,. In practice, 1,,, i,;, * = 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 inio the

capacitor from the power source through the single-phase rectification



current) it cannot be controlled to be smaller (in ideal, cannot be
controlled to be a sine wave) when tlge capacitor current is not 19 JULY 2006
conpensat ed. The present invention was made in view of the above probl ens.

It is an object of the present invention to provide an inverter controlling
met hod and apparatus thereof which can carry out controlling for

suppressing a current flowng_ into a capacitor froma power source through
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rectification circuitry. An inverter controlling nethod of claim3 is a

met hod f dDiscteyiire dflth®@dnv@itaste or current for torque for suppressing the
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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 suppiessing 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 voliage

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 gutput current fromthe thrteJghh3006
inverter to a notor, the apparatus conprises suppression neans for
suppressing the current flowng into the capacitor fromthe power source

t hrough the single-phase rectification circuitry. An inverter controlling
apparatus of claim5 is an apparatus which conprises a single -phase
rectifi carhich isitmioe ofya pawea frequencyhasd domienls éhe thrret-phaseésverter
capacita It d t r m . e
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a notor, CRFY %‘&r%?&@'ﬁ]a‘ﬁﬁf’rW%@Elcé‘é‘ﬁprcqulﬁﬁ- means for carrying out

control I'ing foAss ippresscagroiingcappantus bbvidign iSnisoait hgpassraciwhichf rom the
power source through the single-phase rectification circuitry. An inverter
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t hrough the single-phase rectification circuitry, as the controlling neans.
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19 JULY 20n6ontrolling for suppressing the current flowing into the capacitor from
the power source through the single-phase rectification circuitry.
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
so as to supply an output voltage or output current from the three-phase



I nverter to a notor, the apparatus conprises capacitor current operatian
means for obtaining a capacitor currepy flowng into the capacitg$JPF5ﬁPPﬁe
power source through the single-phase rectification circuitry, and current
for torque correction neans for correcting a current for torque by
subtracting the obtained capacitor current fromthe current for torque. An
inverter controlling apparatus of claim9 enploys capacitor current
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current ceorréetioredne®is for correcting the capacitor current based upon the DC

voltage detection value, the capacitor current being output based upon the

stored pattern.

An 1inverter 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



When the inverter controlling nethod of claim2 is enployed, the neth%g
controls the notor for suppressing theicurrent flowng into the 1%5H5¥i 8
fromthe power source through the single-phase rectification 11 19 JULY 2006
circuitry. Therefore, operations and effects simlar to those of claim1l are
realized by carrying out torque control of the notor or speed control of the
motor. When the inverter controlling nethod of claim3 is enployed, the

met hod conrewiry. t dilprefase, operativmsfand efeqissifmslardopiioss sifrgjatthel ot r ent
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rectification cirfcultry.” Therefore, operations and effects simlar to those
of claimM®Are realized by controlling the torque or current for torque.
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circuitry by the suppression, ns., Theref ore, .harnonics in the power
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Is enpl oyed, the apparatus conprises a single-phase rectification circuitry
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connected between output termnals of the single-phase rectification
ci rcui t r youlpubderminalsd ofvthe sngleut phate septificasron baceitnglse apbasdlow
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
vol tage ofn eutputvaliagedmont thensingle —phase redisdeation enrcuiry o pubtaterat and
carries out controlling for suppressing :

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 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.



the current flowing into the capacitor fromthe power source through the

si ngl e-phase rectification circuitry by the controlling neans. Th%angﬂ@Ps
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claim9 is enpl oyed, . L , ]
output tefminals 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. 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



capacitor current operation neans for carrying out harnonics analysis for
the power current is enployed as the @&pacitor current operation? ¥ﬂ9h¥2006
Therefore, operations and effects simlar to those of claim8 are realized.
When the inverter controlling apparatus of claim 10 is enployed, a

conmponent of a frequency which is twice of the power frequency is 13 19 JULY
2006 enpl oyed as the harnonics analysis result. Therefore, operation |oad
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enpl oyed, i p30|tor current operation nmeans for outputting the capacitor
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When the inverter controlhng apparatus 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 1s 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



controlling apparatus of an enbodi nent according to the present invention;
Figure 3 is a block diagramillustratiiag an i nverter controlling!?ddb¥2806s
of anot her enbodi ment according to the present invention; Figure 4 is a

bl ock diagramillustrating a nmain section of an inverter controlling
apparatus of a further enbodi ment according to the present invention;
Figure 5 s a.block diagramillustrating an inverter controlling apparatus

of a fu_rtllﬂé(ﬁn@ﬁﬂbdi nment according to the present invention; Figure 6is a
bl ock di agr am igibusd 7akianglogk i a’iﬁ‘iﬂuﬁﬁat@ﬁ% anmafty sédifon epahriavkites

appar at us of fdarther enbodi ne ?raccor | o the present 14 19 JULY 2006
i nvent i orSONLER appRIatys fiog k&ﬂ%r %%PB%E@PF a?ﬁCHgé%lgnﬁ? r&l&eB{ffS&H of an

i nverter g@ehtioht i ng apparatus of a further enbodi ment according to the
present inventd.on: Ei.gure 8.is a blogk diagram.illustrati a_main _section
bt “an i nvert or TigURR Bob A Digck PagtandinsraiPh e Sub READ 8ZEHRE ng to
t he preserdntrolingntapparatks gfr @ firtleraetibodimdna greaordingu $o rihei pgesentai n
section o-tn[‘%ﬂ ii verter controlling apparatus of a further enbodi nent
accordi ng1 {H ' present invention; Figures 10 are diagrans illustrating a
wavef orm of a OGgust Ddge blagk dingram hBusirating s mainusegiomobanvioverge vdc i s
determ ne Vil t fy c 1i.ng, r DC
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i || ustratinygnéiomai n section of an inverter controlling apparatus of a

further embodi r€Cq9f Qfé’aiélgr%afrﬁeﬂh&"t&% al WUFBFdAD of %Cevé?t%%gé a

fl owchart_descri bl ng power soutce phase syhchronism processi n%; gure 13
e

is a flowhaMheadbermprngipovine ffur B priageg¥neisdatermined to be Vi,
by the field controlling, and a waveform of a DC voltage V,. when light—

load 1s 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 1s 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 i1s a flowchart describing an example of conventional
processing of the step SP3 in Fig. 14.

Figure 16 i1s 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 15 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 flowhart describing current controllin
processing; Figure 15 is a flowchart iglescribing an exanpl e of c&%aﬁhiﬁwﬂﬁl
processing of the step SP3 in Fig. 14. Figure 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 flowhart describing anot her exanple of
processing according to the present invention of the step SP3 in Fig. 14.
Figure 18 is an electric cirguitry dj agram illustrating an exanple of an
ar T angendHTARICTRCRLAN B RONSRRIONFhAATIASISET Tdess Fyerier Siaiey: | s 5 di agr am
illustrating a DC vol t age waveform and _a power current waveformin the
inverter circuilfigprof22Friya disgrangdessriting she centeelling: peincipalt of; tg agr am
illustrating another exanple of an arrangenent of a conventional inverter
ci rcui trycorfdegisee—4¢ss mventeelcd@uitrg; circuitry diagramillustrating an 15 19
JULY 2006 arrangenent of a conventional condenser-less inverter circuitry;

Figure 22 is a E’ﬂg@lﬁém dgsg rhlbtR 9dialdeareo MuAtatine £ iarpdmmett offiean .
condenser-less inverter circuitry; Figure 23 is a block diagramillustrating
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il ust ratiergg.a vol tal?(gﬁff[y the DC section of the condenser-less inverter

circuitry, AV '

conponent of a frequency which is twice of the
power frequencyFigue 2dusraeditagtdravdlngtrating kevelspge at the DEEstdtoon of thée
condenser-less inverter circuitry; and Figure 25 is a diagramillustrating a

pover curggidendBen- [ebe inwatderis@litrye aad i V@Rt Rl cEidpoicht bfiasfxféqnéh@%r | ed.
Best node for carrying out the invéntion Hereinaftér, referring to the
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section of the condenser —less inverter circuitry; and

Figure 25 i1s a diagram. illustrating a power current when the

condenser —less inverter circuitry is controlled.

Best mode for carrying out the invention S

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 1s 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 3b and



the present invention, in detail. Fig. 1 is a diagramschematicall
illustrating a controlling system whigch includes an inverter coTﬂXWI-Y?%B
apparatus according to the present invention therein. This controlling
system conprises 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 snmall capacitance (for exanple, a filmcondenser)
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det ect i osceléeni 3a for fdatectang canngpitr oodtagenaf i diasle (dhmewave pol e
position) of the rotor 5b of the IPMnotor 5, input voltage detection
section Z2ectificatiien eatuitgy paipywdr snir¢mgdetoftitheediion & fdrl detevting a
rectification circuitry 2, a power current detection section 2b for

detect | NgRyerPWhient U5 SHE BbdeNfull-OfavE Udcrificheith fc?l%hiitfr'g%? Iprpei reui try

2, a DC “voltage detection section 2c for detecting a voltage on the out put

et cot | on SiagEi GENt spetRHF 2k T0H oIeETear volp G b HeronuBp SR L e

controlli roconput er. 6, .and .a basezdriving circuitry .6a. The
cont r ol | {igae F G RS I AH OB RN 2 BolSTDr RISt SELHANSISSIN ot or

currents, zero-cross detection signal, power current, DC voltage, and speed
conmmand *~or g-axis current anplitude, conmand | iven fromthe
xtoror 2t it b€ ting G CH st PBI 1 GRBRG LA TReS: chrooeaH st
predeterm ned controlljng gperation, The base-driving ¢jrcuitry 8a receives
the cont ABIGIPRGIDUHRAIG a8d r@pf}:taéeadfavmgt FUEGIE i nSILhﬁ g@@ntgoli% of

whi ch i s BURBLLRMHULSr BReELIVed Ghe gﬂgsﬁﬁ@ﬂsa@&@ﬁoﬁfsighﬁl,i etof urfentdt first,
a controlling nethod is considered in a case that a capacitance of the

capaci tor, 3,1 Nl JAedidph L) §i§ﬁaﬁ°%wr' iCﬂgfeﬁY,Stﬁ@ q’fOIElig%; 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.
1is determined to be O.

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

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

-
Po =Y Tw P :
Equation (6)
The motor instantaneous output P_ can be expressed as equation (7)



lts determined to be 0. In Fig. 1, when the notor efficiency is fept d
by 77 M the main circuitry efficiengy (efficiency of the recti{q@%ﬁgﬁaé
circuitry and inverter) is represented by 77 INV, relationship of equation
(6) is established between the inverter instantaneous input P, and notor

i nst ant aneous output Pm P. o 77zNV 77m Pi Equation (6) The notor

i nst ant aneous out put Pm can be expressed as equation (7) 17 using the notor
speed Wm and tor Tm 19_JULY 2006 Equation (7) The inverter
i nst ant aH&Ggthe atj rFSPeé’gn%e ﬂ&%&%‘&‘ed as equation (8) using the assunption
that the power factor is 100% power voltage vl and power current il. PI

=V, ,i, =2-V, J, -sin V, _|n V1 -sin(o)l -t) il =1in -1, sin(w, Equation
(8) \Werein, t representg a.tjnmg Gl1 represents power source angul ar
frequency, V1 and |, repré&gent "ef fective val ues of the vver volzﬁge and
power current, respectively. \Werein, the motor effici e ait*iOIM( d the main

circuitry effighenayerdér insiant@hasgeigan emobaigb@mpréstsed\a@\eeﬁmrtmrpcﬁm rolling

nmet hod of the . inverter. t he constant, at each
oper at | ofsHtE the vdinuption that (. FOuEr JaSlcE 18 fle RORErouStiEhs R0

si npl i f yipogveaquatérmns. i n the fol | owing discussion. Further, the speed of
rotation w Imof the notor is supposed to be constant, and when t he not or

torque can be controll e%mef as, to change the notor torque at a frequency
ich is twike™ p ehcy, base upon equation y equations
whi ch Re=01 ke sy 'dglehky, based (9) b

(6) to (8), the rt er pwer curren beco a5|ne wave (waveform
wi t hout  di st'orT P@nn';i/e cs ‘?7 F - in w1
Equation (8)

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

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

Wherein, the motor efficiency 77,; and the main circuitry efficiency

I v 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 ), of the motor

1s supposed to be constant, and when the motor torque can be controlled so
as to change the motor torque at a frequency which 1s twice of the power
frequency, -based upon equation (9) by equations (6) to (8), the inverter
power current becomes a sine-wave (waveform without distortion), and
controlling of the power factor of 100% is realized.

. 1 _
= Tm ) Slnz 91 = E ) Tm ' (1 — CO8 281) Equation (9)
Wherein, 6,= 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



controlling of the power factor of 100%is realized. am= % sin z 01 =2 %
(1- cos 20,) Equation (9) Wierein, 618= w1 t Wen the torque d%dﬂl—éﬂlaoﬁ’ﬁg
of a notor is carried out based upon the equation (9), velocity ripple is
generated following the torque ripple at a 18 19 JULY 2006 frequency which
Is twce of power frequency. But, the anplitude of the velocity ripple
becones snaller to a val ue whi can be ignored due El inertia ffect when
t he not or feqiighey vahic ﬁ.fgﬁcs@tgaowss freaushagyp| Suly t smnpha}%p tthén i s

made for aepa@s tHipale rbe@sﬂiesoémanaﬁrt@I@v@iu@vﬂ%ﬁrm% ferdiadi éiie apd notor:
0.5 x 10-3 ﬁ‘ﬁ'g‘fﬂ(—? and t he r frequency. Hz, the anplitude of the

vel ocity Hi fg?é’é(%kbf‘snt_‘be O (4R St%@@\ggrsiggdtorque of 2 Nm (that is,

torque ripple appldr egempld, 2 trial 2aMolativhes nidike fireedasy thotmdbhent of t he
notor is controlled to be 60 rps, the velocity ripple was about 1.6% From

the aboveipddigl o &%&ﬁsﬂéssor hiééhahlyin SRECHIGEGR BS 3eSUDPdcsADEngapst ant. O
t he ot her han distortion in power current I's generated

cabaci tor Bk P glencd 16050 B § AAPRIAD of the f&l‘ﬂ?ﬂ‘iﬂé@sﬁf?@%ﬁi 0 "o
di ssol ve P8 sndelsarm/amrage torque @f &Nm ¢hents, ttthmuearlpplet ampiignde rlegfdvi ng t he
capaci t or =¢ rNﬁQt 'Wh\@’fIQEetslf)%PﬁcH}tfc%tilbﬁ'g)f'tﬁeclﬁbfdlefs %ﬁu@@é&% 1%6060 t he

equation (9 th| S case ective s carri out

filter solEs the vedaeiy rialppvas apound. é%paﬁm%bsraqb@m icis gerfl rms
distorti Oihdtrth&@?e@@\@ﬁﬁ HeWsstied © tﬁéﬁét\éﬁg by the controlling, it is
or

sufficient that {he notor torqu e notor speed is controlled so as to
suppress the capMktheopt hﬁl’rh%ﬂﬁ istostien| ippewer CuiFit psvggneraiad: due to

Fol | ow ngtﬁd"@aﬁ@(ﬁ%ﬂ SGirEAN] ggitv@ﬁ% RE egmtionl 43 rxghéﬁrtheetatﬁawqh&e ofa) a
met hod for, cal cul.ati ower uations
rethod {oicel el it e HOEs) BOlet SR L (RRoed Wbt A0 gt ons
torque of the edbadissol{D)this disadvaitage, 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 1, 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 illusirating a main section of an mverter.
controlling apparatus of an embodiment according to the present invention.

This inverter controlling apparatus carries out feedback controlling.



and for feedback controlling so as to follow the detection val ue

power current il to the calculation rgpult; b) a nethod for det e’rgrﬁ'#e ?ﬁ%ﬁ
torque or current for torque so as to allow a current to flow which is in
reversed phase with respect to the capacitor current ic, and for
feed-forward controlling. Hereinafter, description is nade in detail for an
enbodi nent for a case that a torque is controlled. Fig. 2 is a block

di agramil | ust rI3tis ngneenba nccﬂmnlimg cﬂpmnamﬂvmnprlsaﬂonnrGbnrvﬂgtlap@]ar at us of

an- enbodi e i O ontrolling
appar at us carr| es%gtﬁﬂe}% ac tg(glﬁl F étli%?nﬂ {119 RE ﬂS&‘é&%stn ?nverter
cont r ol | itegdbpglar aPeEAtkE S N o éon%@(ﬁt |SBhHﬂCt1@Bnd5§ﬁ§@ﬂ | Kes i g ter
control | 'dtﬁw%ﬁ%hﬁl‘ tdndéhderdegd alnwitaeddtfollihe  §QIMRACH 1 OPQEPLLON
section 13, and subtraction section 14. Th con entlo condenser - | ess

i nverter RISNITONR) (05due comynand a5 GUstRn 05@%09 GHmmanst %%E

current forcdmieationadne@iibser-leeninwit¢mg Thecqﬁveipferm mmﬂﬁﬂslez-l ess
inverter. The ill  operation section 12 receives a notor torque r m notor

rotation vel t cignt t
cal cul at SR PR o R o A 3Pes o e BRVST SRR B (10,

and outputs the power current it as power current command value it*. The

feedback gReeatiffieRCCh a8 1ﬁﬁufse%ﬁlc\(ﬁ§testahgo{%%ﬁlrféﬂtrle’ﬁry '. oypl ue il*
and the real current i, as ihpufs carries out operat o nmake the

devi at | ono ek YBRENGF i heIA gpg)bea&d B R Gref o tai'a%mgeﬂ out put s

the tor qu conmman Yon orque camma
correct i opnITahiecempoand tviabite $€ct i 'Dhe facdbadk 0pereﬁ1am¢secn®n|ule3 ceoetsing for

correctio Qgg{é{gr&ﬁ* ehtCbo hﬁﬁgﬂc"f? \Fd?ﬁéfg”’d ar{cPEh&C}ﬁE\Fcctuerht"‘f‘ & q@uﬁ‘“ put

fromthe operation s € provisidna
command o?a@msr@ﬁtf)@@ﬂtlﬂar&%@s @ analerd thedeviation betvyran theohpthéo (b@n()ent i onal
ggnmggggegg ??ﬁgfr@gﬁifgﬁ m@ gm%utﬁﬁ@tthe%ﬁqhe CAntRIPE RS Skl igh térque
or current for torque command for correcuon 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 curtent command

for torque.

;e Ty W, zm
L =

vl Tl' Vmax '?7

)

-sind,

Equation (10)

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

The power current 1, becomes the equation (10) using the equations
(6) to (8), when the controlling is carried out s0 as to be the torque of the
equation (9). It is determined to be the power current command value i,*.
The torque command for correction or current for torque command for
correction is obtained by carrying out controlling (for eéxample, 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



‘r,f Coin71sin0, V1,77 max <71 Equation (10) Operation of the
inverter controlling apparatus. havingothe above arrangenent is12adUL¥I2006s.
The power current it beconmes 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 it*.
The torque command for correction or current for torque commuand for

correct i oenrrentofeni teequeyisc apntrolgdofier sappressing gher eapasisap| @irrent.

control |i @%Séﬂeeﬂf?)@?ﬁom& o bbye?c@gre&%tc\yﬁ% tgceqwer current conmmand

val ue il * and current -i Using this, the provisional

torque conmmand, of. current : ng i.s c e . t he
torgue or 20 1977 V%@%Lm)ehﬁé%§gfﬁ§ggﬁeﬂi s}?@oﬁﬁsgﬁteﬁjrf%%légg%?essi ng
Feduced. THIR nEeHiaY ] GICESEY  MObbeFIREiBRY nq sDAMENdRGIT TOOL aki
reduced. [ ' t e S n t akin
the main circuitry efficiency, notor efficiency and power factor into °
consi der a¢Prsideragiondet Bemilaiesmintmg dhe distortioon o heeOp the weetlberemtcient 77
may be changed in response to the |load torque or rotational speed. For

si npl i f yi nmyt be cianiged| ini regpopee 4bithg Jpadcesguagr rhtatibnal speetl.t i dorof

appl i ed degyi .areataken.int.:o consideration so that.the v : t ypi cal
| oad con%ﬁ@ﬁ”ﬁé g# bc%{qqh&g_ OE?: IS EOLCRYIBEN f?:‘?‘é’éﬁ%arﬁ%ﬂ%ﬁ@f‘r ﬁ ing an
i nverter eppliedidevings aappaiceat intoafonanderaton eoithdt thenvalaecartgpronltioad he

pr esent i@éﬁ‘?@i{tio‘h”i‘s %{Ibéhé-l?\b‘frter controlling apparatus conprises a Pl
operation Section .. Sine Bl generation section 22, nultiplication section

23, id* operatiBig.séctis o blnckpidiggrann ofdustaitingl @6 Moer@raxostroling- axi s,
and decoughtnCork otk BShiSRRic adZordihg (BnERE M vamibhon 2L recei ves

a deviatio betﬁen,t peed conman rmi%ir real speedWn as an
i nput, and out phfi¥ W¥Eseg€opfrolling-appaiips KomPBMsLA Ke@psyalian sgrHEout ¢ he
PI

21, sin* @, generation section 22, multiplication section 23, i,* operation

section 24, PI sections 25 and 26 for d-axis and g-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 | 1,* | which is obtained by carrying out the PI

operation (proportion and integration operation). The sin’ 8 ; generation
section 22 recelves 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®* 6, and the
value |i*| ,and outputs the product as the q—axis current command

i;*. The i,* operation section 24 receives the DC voltage V,,, 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



operation (proportion and integration operation). The sin 2 B generation
section 22 receives the power voltagesyl as an input, and out put 39 dUkYZ98p
sine B which is in synchronismw th the power voltage vl. The nultiplication
section 23 obtains a product of the signal sinz 9 1 and the value | i q * |
, and outputs the product as the g-axis current conmand iqg*. The 1d*
operation section 24 receives the DC voltage Vd., q - axis current iq and
not or r eadqustioad(AWn dchd RpsestionndScanddbsfor daxisaand qaxisersceivobmand i d*
which is obtained by carrying out the operation of the 21 19 JULY 2006

equat i on dedliatidie bEtweae theodg =2 axancuént oominddssi #nghdiiaxhadrthealye the

devi ati ons between the dg-axi's current comrands id® and i§* and the dg -axis
real currents id and iq, as inputs, and output first dg-axis voltage
comuands wdiXis aaal mi"renwmdcé:nchng asbimpugdaty owaputy finst dgt—akie Rhltage
operations. The decoupling controlling section 27 recel ves the first dq axis

vol tage caimmReelsvy,* amd wg*’ @hidHRiFe SoBRENAVT Iy ?ﬁg%xﬁqth@xn vol tage

comands vd* and qu whi ch are obtai ned by carryl ng ou operation of

the eauatioa(dhs THheARRNRRRRIENNY Sealdl ba'dgifdienerprangerent of

conventio rnvert g appar Inverter controlling
apparatus of Fi g 3 further conprises an il command operation secti on 28,

subtractigy rgénc&%mﬁftfk G, #ORRA &} *O’hssﬁﬁ)h'té”&naoout-ﬂ?ﬁs Iséc6A

oEeratl on sectl o 28 recel vfes ‘the average torque T maxi num va e Vmax of
DC

command vilRa et ClfiafitRy "dﬁ't%mégx@ﬁs%%?%}%ﬁ@a@@ﬁ Lﬁﬁé%&@}é@ﬁﬁﬁﬁéf he

equat i on ¢p@ptiomhef the wquationo)s ecthombpyesauangement ie ioukar tuithent

comrand Vﬁ‘rhh?% drhént 6ff’9%bnbﬁﬁubﬁ‘ﬂbm%h%?'Elbnh%lhﬂ?%pggf)a‘iﬁﬁ ation section 20

receives th ut put traction secti nd outputs, a g-axis
current for corABet shinyartss confrelbing apppmeiusceaf Kjgng Buth QIHEOTRPBISeS at i on.

The devi agjh o) RehWRSAd! B&e Umﬁ@e%u%ﬁr RN seoEEish | Sttt 28e grgops real
current iq, i's, subtractz g-axi s, current for_corfectian, d the

subt r act | BPETRESN $eCtiODs el | thoCOlfnﬁ’éaerr OPBEHIM SRCUQR &reegves the
average torque T_, maximum value V_, of the DC voltage and the

ax
coefficient 7 as inputs, and outputs a power current command value 1,*
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 g
~-axis current command 1,* and the q—axis real current i, 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 mverter
controlling apparatus of a further embodiment according to the present



Therefore, even when this inverter controlling apparatus is enployed,
current for torque can be controlled %é)r suppressi ng capacitor tJVUkH2006
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 enbodi ment according to the present 22 19 JULY 2006 invention. This
inverter controlling apparatus is an apparatus which carries out

f eed- f or ilayengemnt r ofhisnénvektdrs controVién g espgaatusolit i ng appataiusvhivipri ses a
conventi onal. cogf%eﬁnsg%t-l eas inverter controlling section 11 for outputting

a provi si“Ghafs o PO IPEvi si onal current for torque for
controlling a "Kdsvénvémteral camreldingeragpasatusn\wemerisesa &agaaiventional r ent

! . _ FOLHL \ " - Eap! ALY
The Capad R Elesd invERBY SoRLONIAELAB I (BF SuBNEA®) {HoviiBhatl 3.
and DC vdbrquge cemeas! i ompyrevisaorale surrend dor iopquet foih canteelling obtain a

car ront 1OTHELFRhal EopdBB SRR S EARIRIGE (R BRI RN °Lr e

0
mot or as $hpapByersion secHOsf BZmarxdqéubér@auonoseaimr_r eht. i Thencepaciter que
command Qfy.f tr(?rgérati%ﬁ Bdnf 91 LOLIGHE tgé’g)o%ﬁ S&ERN, MG SUbiGRgEd ON

section 33 suhtracts _the torque conman r currenf cdmmand for torque for
correct i oYu @8tIPRELS, AR GAHSS PBhOBPLALKIM £ a8 1o PLEINFF SAPAHEOLPWHEEY bnal

torque command or provisional current for torque output fromthe

convent i ohht coondenerseciaen 32 moeitas: theorapasktion myresadtii oeoeificient that a
final torque command or final current conmand for torque is obtained.
Operation of the_inverter controlling apparatus is as follows. Wen the

f eed- f or vB@WeR ortliagel Vagand whatioral speed i@ j of dhefieianas tinpuls,handquat i on
(9) is rewitten as an equation (11), and that a torque r , is overlapped to
t he t or queansiorarsdthe heapaeitog currgitase into ch tooqupiecominansl orecerreatt o t hat

of the capagiifld g&f [oeljalheifo'r corredlich.! O1fie '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, 1is

reverse to-that of the capacitor current i..

, )
T, = Ium "sin 91 +T, Equation (].1)
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).



Equation (11) \Werein, the torque v ~ is sufficient to be a torque which is
expressed by an equation (12) which 23 based upon the equations (HL\fB ).

23 19 JULY 2006 z Slgn(vl)-yl -ilyll-lc wn, '~ - - w, ') Equation (12) Mbre
specifically, when the capacitance of the capacitor is not 0, the power
current ii can be expressed .as an equatipn (13). i =i | " +i ¢c * si gn
(VI) Equation (13) y%gtélﬂ¢_fﬂhﬁe esént’s the power current when the

capacitance of the capacitom,is O, andas diven by theEada@enddz)10).
Furth th
urther, sign( Mb}% §]%eélﬁ'&?.ﬂ??gﬁigr?]fl ﬂﬂ‘bbﬁe\%ﬁlfﬁlcﬁ of %‘e C-E?ggﬂ?%) §°f?(geﬁ e

equatlon 12) omthe re the e

equationt ?POWﬂféufbﬁrﬂdeCﬁ@@&tﬂﬂmeN@é E\aSoWeﬁqmté@ﬁl (l%):l udi ng the capacitor
current i. anong results obtained by substituting the -equation (13) for the
equation (8). Wwerein, the coefficient 17 is a constant for taking account
of main circuitry eff| ciency, nmotor effici encil and power factor. The

constant may be khafged fiort diet &r rd ni @I’dl §twrdion to Bquntoga, (18¢spondi ng
to the | torque .and rotati e%rzﬁ?
%d with

cont ol 1 RGAAE dper BhEHTS JRBobPRET e Honicth Hic s Dbk tiats
a val ue atapacitgpiical), hnddiscgiaint ﬂ)g'nthfy eqaktiog 6l i ViEmghegndgnionsof an

applicati ?ﬁ'v?ﬁlc'h%ﬂf@%lndsé gﬁr ation, for exanple. Then, a case is

descri be aki or disclosed in the Article 2 as an exanpl e,
in which case éI‘ctrquqdwocBn@somlufr @iquetions( iy} fnon ght wdaensHipnbetweamor que z m

f 1PNk L
3) ? g Equatl (ﬂfa&% @%ﬁ&?}é}% gptﬁ%iegn(ﬂ H?é'téﬁ)(]]le(xjre%%m alllj%me %E] cth\ges ,
dependi ngnqblﬂingﬁbe@aaamorcwménm&1camrgr¢ ckiatmad by su suaumg

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-(4, +{L, ‘Lq)'id)"fq Equation (14)

The item of (L, — L) * 1 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



sinplification 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 HWUENHR00E
19 JULY 2006 conmmand iqg* {refer to equation (15)) is obtained fromthe
equation (9) and the equation (14). g= =liq "sin o0, Equation (15 On the
other hand, in the contrary, the inverter controlling apparatus cal cul ates
the g-axis current conmand iqg* based upon an equation (16) which is

obt ai ned commundé, e fredes tmeidfion§1 53 ishebteineat from (Hetpquation (SYapd '1 a

",10) Equation (16) The second itemin the equation
(16) rep?%égﬂ‘tl%t(“{ﬂgg%trrent for torque for conpensating the capacitor
current. Further, lIdo represents a noving average value of the d-axis
current for about 1/2 to 10 cyecle ige power waveform Therefore, the
current for torque can be coniqr(ﬁr E suppressing the capacitor current.
And, the distortion in the power current can be reduceﬂquﬁ‘tﬁOlﬁ(bS) 4, the

arrangement is c&rrﬂi@mér IHanuhm:ﬁlé benteaRathd Hvertdidntolling fprrahaiyl at ed
fromthe detection value of the power ctrrent it or DC vo tage vdC. But, an

arr ange”%gﬁe%[geéﬁs%eeﬁp— %Sdcdrf%fﬁ’“é&ﬁﬁalﬁi ”‘eﬂﬁs ﬁ@%ﬁ @%C(i&aﬁ f or

directly ng t capacitor curren on v eis
directly sup to t conversion s ilon 3 a bl ock di agram
i |l ust ratWﬁlé‘r%éﬁq yimed drom; recﬂqal%t‘?& ﬁ;;}b‘g}%ﬁgﬁ '93&19% f enbodi nent
according to the present invention. This inverter controlli ng appar at us
differs fromthe inverter controlling apparatus of Fig. 3 in that a
capaci tor current %eraﬁ;éonvrsegtlon 31 and1 capaci tor current conpensation

operation sectd on} 8 enpioydd | st quu —the i t vormand operation section
28, subtraction section 29 ard P q 1) Equation (16)

The second item in the 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 1.2 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 cuirent can be
reduced. |

In Fig. 4, the arrangement is employed in which the capacitor
current i, is calculated from the detection value of the poWer current 1, or
DC voltage v,.. But, an arrangement may be employed in which a current
sensor is provided for directly detecting the capacitor curreni i, and the
detection value is directly supplied to the conversion section 32.

- Fig. 5 is a block diagram illostrating 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 1, or DC voltage v, as an input and carries out ithe operation
for obtaining the capacitor current 1. The capacitor current compensation
operation section 32’ receives the capacitor current i, power voltage v, and



operation section. The capacitor current operation section 31 receives éhe
power current it or DC voltage vd, agb5an input and carries out t??e-"-b‘p%? 28 on
for obtaining the capacitor current ic. The capacitor current conmpensati on
operation section 32' receives the capacitor current ic, power voltage v,
and 25 19 JULY 2006 notor rotational speed w mas inputs, and converts the
capacitor current is into the torque command for correction or current for

torque co nd for arrectjon, Theref vl i s . l'ing
appar at ug?%ﬁéc%’glrort@ﬁtwf’%& m?ﬁ&p‘&t h%@ Ccoéﬁfte Ill%eedg ‘)f/l%igctl@)trfppr éétlolﬁ‘g t he
capacitor current, and the (P stortiagn in the Igrggr current can .be reduced.
Fig. 6 i 4119 hedoraws sgFHRTNY 05 CPHECHENPThHTRERlHIT (9RdBe CORIARg, kg

control | cBagregafpar at us of a further enbodi nent according to the present
invention. In is dnverter.controlling, apparatus n FET (harnonjcs

anal ysi s) opemf%ﬂ?l‘%’e&qitb}? éﬂ‘éelg%l Qﬁ)’é}?gn MPE{%’O eségﬁegﬁ I

const i t uterduie cag dpacionerollad fentsuppegsainorthe ecdpaeitod loamefi,gand. thehe FFT
operat i ogiéfss[ect.i on gia rec§i V(ﬁ% tthe ?)gs%l uEe value | it of the power current
cal cul at 8‘9“%1% %PBYVS vi _ 8 SB%_ th QH Wt | on 31f and the absolute

val ue phase 0 Fig=a is& hjockodiagramdehmstraitimgda imsin0sqitase of arbeetriar peak

poi nt of I l.uee | | of : r {139 S ol i trated
in Fig. fwﬁggﬁﬁgpﬁ@,ﬂcgrﬁf eas\féﬁb Gfﬁéﬁ %géégr %%((?é)n, gn@ (t)}‘]llj‘?r?ullt?géﬁgnpl i tude
conponenfiBveénti@ml | , | 'ch., | , = of the harnonics ichl, ich2, C 'which

are in-phase Ofln?tﬁiﬁirgfe%t&%dxﬁﬁcﬂﬁﬁgi. atrﬁtlfst‘%ncla?ﬁ"cfuﬁaﬁﬁloﬁb'i‘ raﬁﬁ}yéi@ The
wavef orm generati on sectlon il recei'ves the anplit dg conmponerts 1 ichl |
, | rch2 Qrerapan saeteni tla Ak wayedopm gengigtiphesegbion 4B constidutsnise 0 2 as

i nputs, %a@ﬁ@ﬁ_&ﬁh@ﬁt bperatiepa@ctioh TUIM B¢ 4,5 based upon an equation (17).
is =-liChl I sin 62 lich2l Hsin 202 - lichs J sin 302 ... Equation (17)

Therefore, whergt ki Byefdiftin SQMdPB1hNBcBRRR Mk SbictulMhRXT] it he

of the power current calculated by an absolute value operation section 31f

and the absolute value phase 6, (=2- €,) (8, is determined its O 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 outpuis

amplitude components | i, |, iy |, < = of the harmonics i,

iy, ©° = which are in-phase of —sin @, corresponding to the capacitor
current i, The waveform generation section 31b receives the amplitude

components |iy, |, lig, |, * * ofthe harmonicsi,,,i,,, * °and the

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

based upon an equation (17).

.ic = v—|ic,,1|-sin 0, —-'ichzl-sin 208, —|ich3] "sin 30, -

Equation (17)
Therefore, when this inverter controlling apparatus is employed, the
capacitor current i, can be calculated accurately, the current for torque can



capacitor current is can be cal cul ated accurately, the current for tor%%s
can 26 19 JULY 2006 be control | ed for 26uppressing the capacitor &%PHEN12008nd
the distortion in the power current can be reduced. Fig. 7 is a block
diagramillustrating a main section of an inverter controlling apparatus of
a further enbodi nent according to the present invention. This inverter
controlling apparatus differs fromthe inverter controlling apparatus of
Fig. 6 i nb¢ sanirallgd\fer sppprrsatgtheopapastior srgmd, ard thegigysdon Astthad t he

wavef or m geRef ahitreft g8 bededdddd. The waveform generation section 3lc
[ s | i.chi | of the harponics ichl, rch2,

receives only the |'i tyde c onen .

of twice frequ ‘m)st A tﬁ@%]ﬁéﬁg&aéntl ustraliag & H@dﬂeﬁ?@?oélnﬁggﬂs]@w@i‘é’rval ue
phase 2 @oﬂtr@lflir;gﬁr-appamnsvdﬂ hafiithénedmiariigeat efcdoi@ingape ciicopresymtent i c.
O courseglva evice Tor outputting only the tw ce frequency conponent with

respect t wer frequency may be enployed as the FFT operation section
3la. As is undeThisodgvertem tbatretlisd i appdritus hdiffersi drempl iHeudmvetterhe DC

vol tage v eases fol | ow-n e d ncreasecin harnmoni c qa

Ther of or o2SniBGE &eSmaRis. O Fl 6 MLl BA%Eiree RBDRPH iR Bedsi y ni gn
accuracy emphoydbnnsthed dhdewavefatal gemeratibnt sebaonnd Ib.t hdhewieereforguency
wth respect to the power frequency, the order being applied the FFT, as is

i | 1 ustrat genératibh®ecfion Biey icelves oMlgnhe hinsplituderdanponsitsol | i pg| apifar at us
is enployed, the operation | oad can be greatly reduced, the capacitor
current is can be calculated accurately, the current for torque can be
control | ethd harmenpprggsing t-he cfapamiet frequemeye with asspddtetoditet powiesn in t he
power current can be reduced. Fig. 8 is a block diagramillustrating a main
section of an inverter controlling apparatus of a further enbodi nent

accor di ngfieguehey parab exisoluitavealueophashiX - i Ay eof d¢hecpawen| Voliggappadat us
differs fromthe inverter controlling apparatus of Fig. 6 in that a

capaci t or gengraeey theatdpacitostourege i..  Of 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 voliage 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 cutrent
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 3la 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



section 31d is enployed instead the FFT operation section 31la and waveform
generation section 3lb. The capacitorarurrent pattern storage s

stores previously operated capacitor current is based upon the equation
(5), and carries out 27 19 JULY 2006 | ooki ng-up operation based upon the
absol ute value phase 2 0|1 of the power voltage. Therefore, the operation
| oad can be mnimzed, the capacitor current is can be cal cul ated

accuratel t he curren for tar contr suppr | ng the
capaci torl QinesIp  oRgia lpﬁgb‘}ﬁcgt éﬁe ‘ﬁm[ ‘éte’}ﬁ ﬁ% znt L@arﬁ\f;@jq educed.
Fig. 9 is a block di agramillustratlng a main sectlon of an inverter
control | iBRVepyRltagas of a further enbodi nent according to the present

i thent : Fn Thi Sfﬂeﬁ*t&ﬁirberthéoapé&tidnngo&?pgd@tbgcﬂ%ﬁrn%ég: ;t%?‘ ’gg a@@?xegtner
controllin par at us In a I u I
section %EEIF Lf GF‘PhQP Fﬂ@ﬁlﬂi@@l aeﬂ%a@éﬁa@%)&ur&qm gﬂ'f t@B‘ﬂ\l%c?qrbﬁDesec't i on
3le recmmlld&bf@ﬁpappte@slrtgutheena acitorogtipreht, farainthd elist@paont vy tiewr r ent

pattern stora sectlo 3 (iu e di fference between the nmaxi num val ue
Ve, ; ad®WVHe Fﬂltn%?ﬂ S Cﬂ%fn of -the DC vol tage vdC as inputs, carries

out an oper at iKig. 8f isam béqdatlmgra(mﬂ)ustmtmg:armm secﬂaena:&fpmunmcrtenrrent

Vmax -Vm 8 i ter r
o v TRRSCRBAA, oL 7. oflmb0f L YREE LT LY,
Fig. 10 (m)/entIDIJstrat es a waveform of t he DC vol tage vd0 when the mini rrum

\(;gln'ltﬂraolo}c | ;ge \%’?{;}?{1‘%' tﬁg&%ﬁ(%ﬁﬁr?ﬁﬁg néa@g‘gagﬁwg@e rm 0 E Hgle ﬁk’gf‘t age vdC
when | oadcQuyre h@gtappmatua@f ign Salbihat @deaRC1 08 CREFANS COBFRS3IHENEERHI0R he DC
voltage VEie jis further included. The capacitor current correction section 3le

receives the capacitor current i,’ output from the capacitor current pattern

storage section 31d, and the difference between the maximum value V

and the minimum value V_, of the DC voliage v, as inputs, carries out an

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

‘ Y o ‘ 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 v, by 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



changes dependi ng upon | oad and controlling condition, as is understood
fromFigs. 10. In the inverter contrggling apparatus of Fig. 9, 19R&LY 2006
capacitor current is corrected by carrying out the operation of the
equation (18) by the capacitor current correction section 3le. Therefore,
t he capacitor current can be obtained with accuracy and with sinple
operation despite the load and controlling condition, the current for
t or que Qﬁﬂ1b@r@&mﬁddﬂ | ed for suppressing the capacitor current, and the

distortion in ovver Y 2006 .can be reduced. Fig. 11 is a
bl ock di agram ]1gl tlrsaa[ Pﬁ(bCkaE %é’séﬁ{dgk%aéﬂa]ﬁn‘\;/e&?p& Opg&fgrvgrtlf’?ng

appar at usorttoliiriguapperatesrudda nntheac embdidimeno ddverdimegs ¢otthei preseriton. Thi's

i nvertergﬁ;%gtnlgﬁl | ing apparatus differs fromthe inverter controlling

apparatu 3 and 5 in that a subtraction section 22a is further
i ncl uded. The Ehist riaveiton sentrobmg2appatatusacdifedse fpomsett® fimweriesr recti on

(9 ;21 Sogcntis Ripsaysenyni 5“5uprrfaggﬁrrﬁ&@éﬁegr@rfsﬁgrgézaget °
e R Tt SR LA RS Y

approxi mated to be 1, and sin 0 is apprOX| mated to be O. Therefore

Gin poropiriefonny TERrBRelt Hnds?, efRbRRAC iR RBfsdTOuceb e opposi 1 o

phase of the capacitor current i, when $ is determned to be delay phase,
h [ d | led
i ¢ caBSFRS1 ¥HaR0 ,58 ATRBEANS EORCPRAORRCP! bR ahtSppRer e

corrected phase 8 tothe sin® 6 generation section 22,

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

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

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

sin? (6, +&) = sin 2 6, —& -sin 26,
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 conirolled based upon the magnitude |

& | of the g—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



Therefore, the capacitor current i. can be conpensated nore easily, by
enpl oying the arrangenent of Fig. 11.9fig. 12 is a flowchart exf%{IWHi¥hg006
power phase synchroni sm processing. The processing is started in response
to the rising of the power voltage (rising of the zero-cross detection
signal for the input 29 19 JULY 2006 voltage). In step SP1, a phase angle
01(j)is set to be 0. Then, the processing returns to the original

processing.. Herein and h inafter, th suffix (j) is used to recogni ze a
sanpl e poyqitagep; g.mlgtepsgiﬁi I%\E&Wﬁ?tarﬁiﬁl ﬁjl{ﬂ)% §56viex %ﬁhé'se Heer 82§ on
processing. The processing is started at predeterm ned interruption

i nterval Procegsingaptursplo ephragmadpypecBing - Hereins andhareinadtess dpe SP2, a
phase an : e i hs:generated by carrying out the
operati oﬁélg?lﬁo(}jl,ﬁ( @ 0 fgéﬁﬁ%ﬁ iﬁlkmc;e Pél‘lr'ﬁ'en, the processing returns to the
original procd8si hd.1s plowshartaxplanmg power abase EENEEAHR PEIRSSSIRE-

exanpl e. The réé’l%sﬁfg/\ﬁrstﬁft@ﬂla@gﬁéz’déténﬁirﬁﬂi‘%teﬁﬂﬂti‘ﬂﬂ%t@@%pr.ti qA step nmde
that 01 = 3600 is the power phase of 360 and that the interfuption interval

T, is 20 S =01l afd _I) 3 ' [ f 7

expl ai ni g%P%u% P?ﬁ% éno%]?“r OE? F@(ng pr1 gsggﬁ'g. %fE%IQEF%%s@?a%S ﬁlr@ﬁ%'g"}r(lkgd out at
every predetermned interruption interval Ts. In step SPI, the rotational
posi ti on & @a j y and not or
urrent s 5 (i predeltt e GgR0RNE IPERTYINE Dl ECHRIRSs HTH T T

increnented at every processing). In step SP2, transformation operation

processi ng L(kom-t hreer phage. t OTﬁgnPQﬁéng@é£§iﬂ§ re€@nisi €6 M Gi9gidal t 0
calculate the dg-axis currents id(n) and ig(n).” In step SP3, dg-axis

comand glglrdcgggngper ation processing is carried out. In step SP4, dg-axis
current rrmanJS id(n)* and ig(n)* are input. In step SP5, operations of E

d(n) =id(n)* - d(n) _.an n) ;= iatn)* - da(n re carried out so as to
cgl 2:u| at e( dzq- axt'e® éHi‘?‘éﬂfj ge@i( é% fiSWr%'(lH%qllf‘Sfﬂﬁgﬁ)sq? f_;xamplle.
When the power frequency f, = 50Hz, and when assumption is

made that 6, = 3600 is the power phase of 360° and that the interruption

interval T,is 200 s, A6 (=0, -f « T) becomes 36.

Fig. 14 is a flowchart explaining current controlling processing.

The processing is carried out at every predetermined interruption interval
T

5

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 1,(n) and iq(n)'. In step
SP3, dg-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 & 4n) = iy(m)* — iyn) and € (n) = i (W)* — i(n) are

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



30 19 JULY 2006 In step SP6, operations of vd'(n) =1'"Pd E a(n) + 1S d SE
d(n) and Vq'(n) = 1pg E gq(n) + K g 3F E q(n) are carried out sd9adiLifa2006
perform Pl operations for dg-axis voltage. In step SP7, decoupling
controlling operation of [vd(n) =vd" (n) - Lg iq(n) n (ti mand vqg(n) =
vg: (n) + { /]. a+Ld id(n) } n Wi are carried out so as to calcul ate
dg- axi s voltage commands vd(n) and vqg(n). In step SP8, conversion operation
processing fromd-q to three- phase coordinates is carried out so as to

cal cul at n steptSife, ameratods bbv,’ (BpehKphase () ()G, « \2. (h)(n) aaddv y(iOnF*. | n
step SP9, operation of an equation (20) is carried out so as to calculate
pul se wdth for each phaser "(n + 1), z (n + 1), and r (n + 1), and to
store t hK puEséndff" 2n £a (Wyte camied. outsenas sppedormrPk eperationsoforhe
original processing. i, (n+l){v~ (n)*/vd, (n) }+1/2]T~1i,. (n+l) =[ {vv

(n)vd, (dy-axid 2fbeeti . In §{eplIPVwdeodpuphmg comirglling 2pfedatoat D6 v(@0) Next,
the operation in step SP3 in Fig. 14 is described. Fig. 15 is a flowhart

expl ai ni 8¢ *gnponvgnti opgl - gperdt iy YnStep SR8 (i B g, 14m)hn. gtep SP1,
t he power ‘bﬁ‘é};e 0 () qSlnjol g-axi § cur rcgﬁ? av“egg)ge {valaue %om%gln)c} | ig(n)* i
are input. In step SP2, operation of iq(n)* = 1 iq(n)* I ~ sin20 (n) is

carried qut] afe asrricl 68t Soilaglts dam@uiq\t@ﬁi%smy Wobiake GAMTRAMS! ﬂ((ﬁ{’énd' n step
SP3, operafion of id(n)* = - A i1-d (I/Ld)[{vdé/n/wn{n))2 - {Lq'

cur rent. i%@’%i??é@ﬁ?? rkoRfertion dreAhith TrbckSing, b a1 B et ng.

Ther ef or PDAgHEHE Qﬁn}sof?alffif‘céi OHbaA ASLOCcEHIFR e ke seumapdetPtout . Fig.
16 is a ghewohtaide XAl Rt (9 ana@pbey anhon ¢ slepedBR! Bperation of an

equation (20) is carried out so as to calculate pulse width for each phase 7T

Jn+1), T (n+1),and 7 ,(n+ 1), and to store the pulse width in a PWM
timer. Then, operation returns to the original processing.

.o (n+1) =0{v. {(n) % /vy (n) } #1721 T
1. (n+1) =10{vy (n) */vac (n) } +1./2] - T«
e (n+1) = [ {vwe (n) % /vae (n) } +1.727 - 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 SP1, the power phase 6 ,(n) and g-axis current average
value command I'iq(n)* | are inp;ut. In step SP2, operation of i (n)* =
| im)* | - sin’0 (n) is carried out so as to calculate the g-axis current
command i(n)*. In step SP3, operation of i(m)* = — A JL, +

(VLU v/ w ()} — {L, i (n)}*1" is carried out so as to calculate the



according to the present invention in step SP3 in Fig. 14. In step SPl1, the
power phase S (n), g-axis current avegmage val ue conmand | i q(n)*19JW2006
capacitor current i,(n) are input. In step SP2, operation of iq(n)* _ |
iq(n)* I - sin" 01(n) - i, is carried out so as to calculate the g-axis
current command iq(n)*. In step SP3, operation of id(n)* =- 2. a/Ld +
(1/Ld)[{vdc/ n/wn(n)12 - {Lqg -, iqs(n)}zgla is carried out so as to calculate
t he d- axidsaxi§rewment eominand dg@)*, Thben, operaitdrometuras donthea originabri gi nal
pr ocessi chggﬁggf ore, conpensation of the capacitor current can be carried
out. Fig. 17 |Zla | onchart expl aining an operati on of another exanple
according to tHaeseksencompgasation of theicapagpar chriang cannot be €asidspL, t he
power phagg 01(n), g-axis current phase command $ (n), and g-axis current

aver age val ue ¢Q nd.l ig(n)* | are input. 1In step SP2, operatiop of

ig(n)* =l iq( n%‘gﬁéilﬁ@ﬁ?whﬂ%eﬁﬁiam@gz% iQReTaloR ob &k PHIRRICUI at e
the g-axiaggcordihgnb thepraghtiia(eltion i seppSBP3n Figpeégation of id(n)* = - A
a/Ld + (1/Ld)[{vdc/n/wn(n)}2 - {Lg iq(n)}'-]v2 "is carried out so as to

| culate th = 8% j 3 Fhen: ' toth
ori ginal pr ocedt nep iy Y pENTE Rt K0P MREACA PRSI,  0on b

carried out nore easily. The invention of claim1l has a characteristic

ef fect th@mbanaon # D ROWeE i r t. THe éBpegppon of
claim?2 has an ef fieg't@)mhréh ‘Iﬂg %I;;ér%rll arﬁ%lg@f?hg?l)o?ﬁgg%Q JUrIPYM%O%P%T aiml,

by carrying out the torque controlling for a notor, speed controlling for a

motor or dpeeatibkef The* avehnt (wyr pf - elrdign(@) has jars afdrfiel ol b dsstesi il ar
to that o claim 1% by carrying out the control fing of torque or current

for toraugiediaes tAY SkANCAfreAl Aoiaiasi mShaRCLRE SPAC Gldrghbnt bt

harmoni cs 1 n power turrent can be redu The i nventi on aim5 has a
charact erjl ghic eLf gCh, LI INH(WOIRFD .(m)}2 — (L, * i,(m)}*]** 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.
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 8 (n), g-axis current phase command
£ (n), and g-axis current average value command | i (m)* | are input.

In step SP2, operation of i (n)* = I 1,(n)* | -sin?8 (n) — & (n) is carried
out so as to calculate the g-axis current command i(n). In step SP3,
operation of 1y(n)* = — A /Ly + (VL)[{ve/0/ w, ()} — (L, « i)}

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



in power current can be reduced. The invention of claim®6 has an effect
which is sinilar to that of claimb5,3by carrying out the torquelS8H:¥ 3906 ng
for a notor, speed controlling for a notor or the like. The invention of
claim7 has an effect which is simlar to that of claimb5, by carrying out
the controlling of torque or current for torque. The invention of claim8
has a characteristic effect that harnonics in power current can be reduced
by negat cltgut h, dgpasirtyaingcout etlte. tohgue nvendroldmgoffoe] ai motdrasspeedef f ect

whi ch i scahﬁ)!}%eg Fée}c% E?(?}tg?for tﬁé?ﬂ(@ 8. The invention of claim10 has a

characteris y , the operation | oad can be reduced, .in addition
to the effect Whechvestionnef glaimp3 hamensitiectawinich iysamilaydet thad of claim

11 has acphaf E,cwcbﬁﬁéﬁtiﬁ%ﬁmﬁfécéﬁ@bukggfof gcﬂathgtdmﬂr o 3Brdpge.” educed, in

addition to t effe iC s siml at .of aim 8, "The | nvention
of claim 12 ha:%h§ @Wﬁﬂﬁ@ﬂe‘?t{] claim ‘@H}&Scﬁ Cbﬁ’éﬁ“@ﬁ'éﬂc &ﬁfmit{{%& hatmpesigs can be
cal cul at ¢f peidr AGEIHI A be Feda@diition to the effects which are simlar to
t hose of clpai 1.. The..i nvefﬂ j cl ai E] 13 has.a ar 25: ehi stic.effect

C t il}

tj on of
that the  compdREABVERtSR Pneladmod haset CRAFIRHISHSS 8EMSHiCasi | y.
i n addi t inpower dureergfdanche whluckdi s sinmlar to that of claim7. 19 JULY 2006

33 What is clahped. is. . 1. i.nver co | L ing nethod, i s a t hod whi ch
i ncl udes a singl -nggoﬁegﬁg}aﬁﬁhgi %ﬁg agi %ﬁﬁg}t p);n%l})ls a?ﬁﬁn{ rtgetkﬁakﬁ
i nverter claijn dlethyr ndareging capatha docguof cantrallag tior @3)motwnngmieeld bet ween
out put t et Afise $br y}ﬁoﬁ‘)ir’bqltﬁ' Rfigse rectification circuitry (2) for
all owi ng an o&lp%t_ vol'tage of ?_he Singl e-phase rectification circuitry (2)
to pul sate at e swentioguehelaim /hhaegpecifectowdiplvie rsimilbaguienthat eind
controls h P J } t ages or

cldign & B?%a?f}ﬁﬁg Juf YKE €6 tro(lﬁi%BPEct)ﬁﬁﬁPé( %éltﬁgeﬂyfcﬁt){tbrgﬁ%.

mothod |5 har SRCeHIvEBHORNOF R Rdiased INDATERHRHIS I oHFcA BAbRABRONICS
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 which 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.



controlling the notor (5) for suppressing a current flowng into the
capacitor (3) froma power source via the single phase rectifi ctiJWaY 2006
circuitry (2). 2. An inverter controlling nethod is a nmethod which includes
a single-phase rectification circuitrg (2) and three-phase inverter (4),
determ nes a capacitance of a capacito 3(3) connect ed 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 freguency.iMelhs respect to a power frequency, and controls the

t hree- phase inverter (4) for supplying output voltages or output currents

fromthe thgee- | t Q- ' .
characte rli' zég nll‘;n%pt'?ﬁ g?dt{&I!lg{gn@F tllll(%f(iquc% 9rrﬁar |0§1 %&ém%ﬁ@ BS %1[1 ﬁlgi%&l‘??% r‘%c?iﬁfgatgnt or que
or current ¢isnitnoe)wadfthreephpisrosetaid4h determings af dapeditaged af o cepasitocbPaci t or
(3) froma RAWEHed BEtwesn buput REmIIMIbEe tRhasge pREE ebipRdation cRbwi&Yi(RY Yor(2) - 3.
An inverter fontrolllng ap arajﬁélls ?n apgar%kus,mthh_lnfludes a

si ngl e- phas¥owing an upht veiags ofcthe smgle pyase s tfifption. (el (vemubpte(d) |

det er m nes wvicafeapich@neith efspect teapawed fisquédly, anihvuaatBdhd thirsveghasoint prikdr
termnals o he si.ngl e-ph rectifi ' ' | & £ I I.Ng an
out put vol t G EIGpP R StblF A EEh PRy SR ik e iAWY T
at twi ce frmgwendy thiet methed pceharastegizpdvierthatr Spumetpd eerapriang aobtep tdie

three- phas&nhﬂﬁﬁﬁttﬁé mbfbk (§)Ofor §Mﬁﬁ’és¥ih§g RttbRUToWiRk IR BR Qbaiet P frdar ent s
fromthe three-phase . inverter (4) , the apparatus is

tg a nmotor (
char act er i ZRRYST SOYRaYiathesinglp Rhase E@tlgmﬂicgﬂﬁgya)uppressi on neans for
controlling the notor (5) for suppressing a current flowing into the
capacitor (3) froma power source via the single phase rectification

ci r cui t r - (2n invertempontiolling methed it ¢ s1ethod gvhighy Hickidgs ajsinglaphase sctificaionni ch

i ncl uges ?4§{~dug+yta(zq%aethreeqm§§ef in{a{a&drqn), Cz%ef&uirkgﬁ &a%%ciﬁﬁébsbhﬁ%pz&haﬁ e3)b t

I nverter , mnes a C acCl. nc or .a, C acCl . connecre etween
out put 1 e+ nidmaraeE PERET ofmif BRBEoF i sifele BRRB Tec Hicatish eRompB e G

al | owi ng analmwtipgitin woipuageltade dihthe sinpid-phash astificaoni firandty () toiputsaietaty ( 2)

t I t . ' ' .

controte. ¢ hivigd Hnif SR ARG & Bob GEREREncyParl NG, the BN iblfer |

out put cur rénfa sppRIFNg REtPUHY @ BEpheAItpHY curTgnts g@o&h%t%rqem}@m iarertegY4xtpaa not or

(5), the appsiatiy iR flkébaCkerifRtzAd tiRahat BR ARBRAALMAPHPIP R SbH bf
suppression neanps for controlling a torque or current fortnhor ue, for
SUppr essi neURTR Mg eh{orq G EHEET P e [oF SUBPRESIg 3)cuPBnav el W6ur ce
vi a the si ngipecifphédranea potercatiicovia the siagle phase ¢&}tification circuitry (2).

3. 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 controlling the motor (5) 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



5. An inverter controlling apparatus is an apparatus which includes a
singl e- phase rectification circuitry (2) and three-phase invertefddu}y 2006
determ nes a capacitance of a capacitor (3) connected between out put

term nals of the single-phase rectificaghon circuitry (2) for allow ng an
out put voltage of the single-phase rectification circuitry (2) to pul sate
at twice frequency wth respect to a power frequency, and controls the

t hree- phase inverter (4) for supplying output voltages or output currents
fromthe threagephdasetol al’melbt ey), thd hpparatas Rehabctérided if fat &ﬁp@paﬁms cotnfrising

characterized in t.hat t US r|5|n

(1) (1) (14) (8930 T1E38 P2 8%’%%@%%“5%%%% eSS B gimens)
for carryi ngflowtngciot tel dapagior dB) Sappz @swengpuace vier thntsifglophasg wediteatione
capaci tor (3);fF tpynggﬁ power source via the single-phase rectification
circuitry (2% 6 inverter controlling apparatus as set forth in claimb5,
wherein the controlling neans

(12) (13) (14) (20) (22a) (28) (29)(31)(31a)(31b) (3l c)(31d)(31e)(32)(32") (33)

contr Ol > ghe 5R k) Jo?xrtroslﬂﬁg Efﬁéu]%gu@ 1§U2’iﬁ drhQW 'Whic'ht onddelescapaci t or

(3) fr wer source via r ect flcahﬁ .CII‘CUI )y (2) 7.
An |nverter emgltmhamgre@pﬁ%m Cé‘§“éréif tal‘f‘dl QAP NHEFET n he
controlling

(12) (13) ( 1) 056 1485 FARSH70S Ao G7RIFbYY éi?sf@éli“&ff 5 RSP pUL (33)

cont or gl s a tazrrrquelsoof clw sBTYle fphastaequéchuonwpﬁﬁs}s }gfeu ellorent aif | ow ng
to the ca r r e _si

Irgct?l ficati gﬁclﬂtu?cué t157 %g%‘%@ @%%W%Gc%gdéﬁt%“ C?ll\?%g "grk daﬁjt Fs ﬁait%g

apparat us i sahhwa:pp&nqumcwldhwmqnd@sa aosiandireqptiasy anécontiadathon
capaci tor (3 e a Pt ee e oo but 6 ap BT ol alte MgR e @
rectificati opurmehtsc{roms yhe zlyfeﬁoph%ﬂa bwemyeﬁ‘}) d0tPpmoLs| agéleoﬂpphmtus
?Iegglagt p{‘gsgﬂ g&gidtéﬁﬁg&r‘m‘%ﬁﬁugﬁé ﬁo%}atufso &%ﬁ%ﬁﬁvaéoﬁ%ﬁ%érﬁ%"lﬁﬁ'cy with
P PR (LS 05y 38 25)(5) 3 T 3o A 185(31d)(31e)(32)(32°)(
33) for carrying out controiling for suppressing a current flowing into
the capacitor (3) from a power source via the single- phase rectification
circuitry (2).

6. An inverter controlling apparatus as set forth in claim 3, wherein the
controlling means
(12)(13)(14)(20)(222)(28)(29Y3 1(31a)(31b)(31c)B1d)(31e)(32)(32")

(33) controls the motor (5) for suppressing a current flowing into the
capacitor (3) from a power 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)(222)(28)(2NH(31)(31a)(31b)(31c)(31d)(31e)(32)(32")

(33) contorols a torque or current for torque for suppressing a currert
ﬂowmCr into the capacitor (3) from a power source via the single-phase
rectification circuitry (2)



phase inverter (4) for supplying output voltages or output currents fromthe
t hree-phase inverter (4) to a notor (5), the apparatus is charat? JLY¥ 2006 n
that the apparatus conprising: capacitor current operation nmeans
(31)(3la)(31b)(3lc)(31d) for calculatimg a capacitor current flowing into
the capacitor (3) froma power source via the single phase rectification
circuitry (2); and current for torque correction nmeans (32)(32')(33) for
correcting a current for torque so as to suppress a current flowing into

t he capamtor (3) froma ovver source via a sin recti.fication
Gt cutry B An pgerit oo e e B o B REBPURI TR TR ar FBHE PHES®
current for reétiffcqtich cﬁcun@m (Ehma-t tieree-ploast rimterten §4)apipeerraings aasapsatantonth in

claim8, wherein t £ 0 a out
t he har noni ¢ ap%ﬁ’ﬁtgf 32 eﬁe%tg\%{ cﬁ’ﬁlf g@ [?aﬁ) qu {E% %\E/%I% ?2 cg%{h?l 5 FO
appar at us ascisettryf(y foh] aiIn\mﬂc,aﬂnrnL@put\hrinéfr@l(h!n the Slh@lcmmsecre@@ﬁﬁ@bﬂ@ atrcwfry é”)t WI ce

frequency w beurﬁ%&%%c& \E}@&m QWRY resrlek ﬁLheWer't?e SERL 0¥ S o Atol e HAELDNI C

anal ysi s resul ert controlling a aratu as set forth in claim

8, wherein tiese @a@éﬁg.(ﬂbfor émh@ng oppel wlfages W@t(cwal)ts S9npthedhiegphase

capacitor cuni@npt (sbased HEen (S),0medagpatati8r . cHatactéizedNL iR the OsPpadints Ng
apparatus as set. forth in claim211l, further conprising correction neans
(3le) for co(‘rOFB’E‘lsﬁ“ng t he capacitor current output based upon stored

pattern, based upon a direct curre ction value. 13. An
i nverter GHTELY FIFE APFERHAR UESHS @é %%&tlﬁ)(i’ }S@ 7 Ca\%a]é%g i FHpgotor
control | i RgerémR@MSi(2idd) the REpatdies(IPhagea ﬂ@&fﬁfmmtvha)ﬂlerm@hﬁpl(agéaécuﬁoition
determ ni n mmt?hf}se of the current for torque to be a del ayed phase.

current for torque correction means (32)(32')(33) for correcting a current for torque so as to
suppress a current flowing into the capacitor (3) from a power source via a single phase
rectification circuitry (2), by subtracting the obtained capacitor current from the current for

torque.

9. An inverter controlling apparatus as set forth in claim 8, wherein the
capaciior 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 cuirent 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.



