SPECI FI CATION Modtor Control Method and Apparat us
Thereof Technical Field This invention relates to a
not or control nethod and apparatus thereof for
controlling voltages or currents applied to a notor
froman inverter so as to suppress rotation speed
variation of the notor which drives a periodical |oad.

rt As a conpressor, there exist a
SP@%ﬁbmgl\fonpressor and a 2-cylinders conpressor.
The 1-cylinder conpressor anong them has advant ages

such that a nunber of conponents of the conpressor is

Mosﬁll’)bnﬂ%@ Mé%ﬁb? Qnggﬁgp Aathb qwheg&ﬁg ressor is cheap

e the 1-cylinder ‘conpressor s di sadvant age such
that vibration of the conpressor is greater so that
stabl e operation of the conpressor is difficult

Techadeld&eldhe 1-cyl i nder conpressor has greater |oad

torque variation. Therefore, it is desired that a
Thig-ipyentigarrelatep te ssmotos centirok method andoapparatus gbereof for
smg|.| as_possible, with efficiency as high as
conﬂrggpswaltagﬁa ofiicurredta gippiied to 3 mater fropy agcivesteriseas to
an _arrangenent is enpl oy so as tq.realize 4
supfile A HAAGE Suped RerAhoral hs dnfipr Whibl Biiyes aperiodical load
inverter is nmade with a cost as cheap as possible. By
taking theminto consideration, it is proposed from

Badkp®oRAgAthat torque controlling is carried out so as
to determ ne speed variation value as great as

As ROSEMYPresstir! KhéreaBxRXt £Nl-cpliffer ¢BRIHBS4d?daRADANL-ciyinders
efficiency is suppressed to be equal or less than a

conqpressdrer fflheettcyhhder amapyrédsoatameng okem hat adetheagdsnsuch
practice (refer to JaE)anese Pat ent Lai d- open

thapatiurgher oficonmnidaits of tiwersgprpsser issymall and that a cost of the

compressor 1s cheap while the 1-cylinder compressor has disadvantage such
that vibration of the compressor is greater so that stable operation of the
compressoxi is difficult because the 1-cylinder compressor has greater load
torque variation.

Therefore, it is desired that a 1-cylinder compressor is driven with vibration
as small as possible, with efficiency as high as possible, and with stability.
It is also desired that an arrangement is employed so as to realize
performance of an inverter fully, and that the inverter is made with a cost as
cheap as possible.

By taking them into consideration, it is proposed from the past that torque
controlling is carried out so as to determine speed variation value as great as
possiblel within an extent where decreasing amount in efficiency is
~ suppressed to be equal or less than a predetermined value and vibration does
.'_not matter in practice (refer to Japanese Patent Laid-open Publication

 No.Heil0-174488 gazette).




It is also proposed that torque ripple correction
anount i s decreased follow ng becom ng greater of the
speed, and that torque ripple correction anount is
adj usted corresponding to a peak value of a ripple of
a current which flows an inverter (refer to Japanese
Pat ent Lai d-open Publication No.2001-119981 gazette).
Di scl osure of the Invention When the notor control
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e notor I ch drives period ant age

No.20034939981 bhzdité), conmand vol t age beconmes a conmand
vol t age ich is equal to or greater than a voltage

whi ch can be output froman inverter and the out put
. voltage becones saturated, therefore the current
Dis¢losuarentf thedowestionst abl e, the torque control diverges,

conlslequently t he -currgnt control becaones X
Whep the angtencontrebmethed (hexeinafier referied: toraspqryuecgptrol) is
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time becones greater. que contro

 roteltithl NSeed akhiiasiodUtofl Bhe t RictoPPRhAIN Alvives Shdriedicolbad, a
occurs where the pulse wdth becones further shorter

disaslvahbade paséd intledt $enmaiandssltagobeésrtheoh cenmbad wwithge
current control may becone unstable. Wen load is '
whith ghtequabdodr gidatex thando voltageswhish, cam det tatpudrrom an
. control is unnecessarily carried out _for sgnme cases.
invester. apfcher pratpudr volbage beeemes satexatedn therslorec the icugrent
the effici b i pst ead. : _
coni:ga)'glt becomes unstab e(,: Yine %&qzeuse \égrrltsrgl ! xsrel('egaes, consequently the
- current control becomes non-following condition so that the motor will stop.
When load is light and the rotation speed is a low speed, a voltage required
for driving a motor is low, so that when PWM (pulse width modulation)
driving of an inverter is carried out, a pulse width becomes shorter
consequently the affection due to the dead time becomes greater. When the
torque control is further carried out for this operation, a situation occurs
where the pulse width becomes further shorter so that positional sensor-less
control of a motor and current control may become unstable.
When load is light, sound, vibration do not matter, and the torque control is
unnecessarily carried out for some cases. But, when the torque control is

continuously carried out, the efficiency becomes worse instead.

Whien the torque control is sufficiently carried out, minus current flowing in




When the torque control is sufficiently carried out,
mnus current flowng in 2 a direct current section

of an inverter becones greater. Therefore, when the
current flowwng in the direct current section of the
inverter is detected and when detection extent of the

m nus current is insufficient, the current exceeds the
detection extent in a negative side so that situation
aWlied® dutRent Wetiedht of aiaivePer beebMEes AeatCOMBIRAURIAS, | When the
di sadvant ages arises in that the current control
cureniniibewingnistthe ldirect derdnd seetencofthedhveliteres gletecteslnahd when
the notor sto Exanpl e enbodj nents were made in view

defection caly @Hﬁ%bmm cunEsinys| Eseffisdentndla suprgyt exceeds the
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ufdigblaphanéiqus coh6r &ivérgekliankl tR@model di6ps. t or que control
output so as not to exceed detection I'imt of a

current sensor. Exanpl e enbodi ments nmay provide a
not or control nmethod and apparatus thereof which can
Exapplegmpbadimgnis waatmasie ipvesw pbee 3boveipgehlempn a fir st

SRR Bl B SEAo BE Bll FE R e
- LBt f |
L e R R R G St

volfdge®T apenvaérc | oad, the nethod conprising the steps
of .” detecting an output voltage val ue or conmand

Exeahple eafbodimeents weayt proyideradmotamtcontrbl methadankdtapgeraors
current of the inverter based upon the detection_
thoreotwhieh ¢anaadiesi dordue pontrelautpyfesossings toexessedgiegtion limit

ri/Pgl ue ?f the inverter does not exceed a predeterm ned
LA 8°59T-3 second aspect of the present invention,

E)Ialﬂxﬁ:fl@ etiboRIts ?ﬂjdyapr%tdg a2 i8¢t t8htrol method and apparatus thereof

which can turn off torque control when load is light.

In a first aspect of the present invention, there is provided a motor control method
for.controlling a voltage or current applied to a motor from an inverter so as to
suppress rotation speed variation of the motor which drives periodic load, the
method comprising the steps of: detecting an output voltage value or command
value of the inverter, and controlling a voltage or current of the inverter based
upon the detection value so that the output voltage value or command value of the

inverter does not exceed a predetermined value.




met hod for controlling a voltage or current applied to
a notor froman inverter for varying notor output
torgue so as to suppress rotation speed variation of
the notor which drives periodic |oad, the nethod
conprising the steps of: detecting an output voltage
val ue or command val ue of the inverter, and
controlling a voltage or current of the inverter
In Baseshdapact dTah el praeit 1ﬁaeﬂtﬁinu he?@id Matideda BB Ebntrol
vol tage "value or command value of the inverter does
method éoramattoling edetagenr vadenbippdied to almotgr froacafmveeer for
over suppression of rotation speed variation. In a
Varng mca@rp@&puuprqwoms(ég SHPPTess/kaaticsrspeed wagation of the motor

Wi Hiues ndtiodiy Rt T spm hedCbmbasingths SePohf dkiscplener
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at'i o Sp ee variation of 't

or @ﬁfrbﬁ’tdiﬂ?thé ﬁﬁﬁértefr B&eﬂ‘%ﬂphﬁ dhe 9OBELG Palué etk BRSowdput voltage
decreasi ng an anplitude of an output torque varfation

vahie drivenmmamt yalaadf thentvertdridogs aoteicead e poedetarnrined valtie,
the inverter so that the output voltage val ue or

. takingripenegdense gy epsunpressianafrotationspsed vigtationceed a

predeterm ned value. In a fourth aspect of the present

i nvention, there is provided a nDtor control nmethod

| In qunr& Q{Bercp bt ﬂh@%r@seﬁf ntvglgt?of 1%/1(?6% Asfn?)gc[r ng}ﬁl method

rom an iFnverter so uppres

foﬁ&ﬁ%llﬁf’g' 4 %]t.’%]é Sfcutrdst Wl% tW?i' rﬁBtog Fro¥® an R RE FSr varying

| oad, the conprising the steps of. detecting a

motonr mﬁpﬁt ofqidw dsnesupeesiisitatiprcsperd variatiet eftheaitotor which
means, and controlli ng a vol ta%e or current of the

drives/ peniadic ingde theupethod chmpeisinghe stbps otdesreasingpa avaplityde
not to exceed the c Lent detection extent. In a fifth

of 38 GutAut frdve,vanatiogchliths mate aaf coptelliagiayqitags oR ewrrant of

the TR P FE? Sl VIR b ot Gl A i¥oter does

nof’&fc\éhﬁ‘g rEREGiftd Pithe t Orque so as to suppress
rotati or? speed variation of the notor which 3a drives

periodic | oad, the nmethod conprising the steps of.
detecting a current of the inverter using current
In gl éowsth aspechefathe presentiiniventran, there npprovjdedradmotartcootrbl ng

me?hod for controlling a voltage or current applied to a motor from an inverter so
as to suppress rotation spee_d variation of the motor which drives periodic load, the
method comprising the steps of: detecting a current of the inverter using current
_detection means, and controlling a voltage or current of the inverter based upon

the current detection value so as not to exceed the current detection extent.
In a fifth aspect of the present invention, there is provided a motor control method

for controlling a voltage or current applied to a motor from an inverter for varying

motor output torque so as to suppress rotation speed variation of the motor which
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vol tage or current of the inverter based upon the
current detection value so as not to exceed the
current detection extent, for driving the notor. In a
si xth aspect of the present invention, there is
" provided a notor control nethod for controlling a
vol tage or current applied to a notor froman inverter
for varying notor output torque so as to suppress
drives phiiedic $RRE ﬁlevlﬁéth%ﬁ'c%ﬁgﬂf sifgd e ¥RIS b Wt &dlingd bt of the
periodic |oad, the nethod conprising the steps of:
invieter esmgryrent detpdtidruseansofor drivingtthe indtor, gué cearolingan
of the notor, and controlling a voltage or current of
voltage phewrans of the iavertentbased speethe ausntdeteetinn vduese ppnot
extent. In a seventh aspec f. the present invention,
to EXRaed the T FEFIan SE1aH foptivige o d for
controlling a voltage or current applied to a notor
froman inverter for varying notor output torque so

In \%%iiﬁgﬁa PhefR regegE ﬁ@ﬁ,etgﬁﬁgﬁl%g%ﬁ&% Dot ieonl ﬁ{eethod

; t ifRien
rives periodic | oad, thod conprising t

fors¢omp®llirig a delifgt omarrent agsliddeta metor fidth a it oM@t for varying
suppressing rotation speed variation of the motor in
maior pEppoiotBiec® asi tolsuppress ndatidespegd yanatiar of thametor which
predet e({. | ned val u%. In an eighth aspgc%of t he i
d“SPFeE“é?R ¢ 1A thegRethod SPRDIISINGtH¢ StRE Ok desteasingam: Jraplitude
r.controlli a voltage or current, applied to
of BF pHftSs e PAcRin e Pk R o B Bt B e o

i vari ation of
the RV EME s%oas%\?\)kt] ?(é’ﬁﬁﬁa?ﬁ RS Surk &t %gt cﬂf’% ggﬁﬁt.

t he notor Ives peri odi wherein a

converter is provided which can control a direct

current voltage supplied to the inverter, the nethod
Incoteyentdi aspeat Im% thyt presendfinventionetheranig paovided pumoten tontys

val or comrand value of the inverter, an .
mead for sanbepllingsa yeltegsyer Gurent aprRligd tora mﬁ@r&‘m ppdpverter for

v E B0 B P REET AR YRplSs Eatisr HeshdRrBHORgE e
mbRk vﬁﬁ&??ﬁ‘tuﬁgﬁ:glo%k’c R8CGEEhEhoE dot 'éﬁﬁg.tﬁ@st@gé‘bf‘tdgteacting

aspect o resent 1nvention, there-1s provi de

orfeetimatia® tdddo hnd apPapPEesSinkQbtgieRtshedd Vvarthtidn\ud thegtér in
current applied to a notor froman inverter
correspondence with the load being smaller than a predetermined value.

Inan eighth aspect of the present invention, there is provided a motor control
method for controlling a voltage or current applied to a motor from an inverter for
varying motor output torque so as to suppress rotation speed variation of the motor
which drives periodic load, wherein a converter is provided which can control a
direct current voltage supplied to the inverter, the method comprising the steps of:
detecting an output voltage value or command value of the inverter, and
controlling the voltage or current of the inverter based upon the detection value so

that the output voltage value or command value of the inverter does not exceed the
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SO0 as to suppress rotation speed variation of the

nmot or whi ch drives periodic |oad, the apparatus

conprising: detection nmeans for detecting an out put

vol tage value or command val ue of the inverter, and

inverter control nmeans for controlling a voltage or

current of the inverter based upon the detection val ue

so that the output voltage value or command val ue of
prédferiniY&f $he.does not exceed a predetermned val ue.

In a tenth aspect of the present invention, there is

provi ded a notor control apparatus for controlling a

voltage or current applied to a notor froman inverter-
In aginth asgdoh gf thst present tppientiony there is prexddeda mgipr eggrol

rotation speed varigtion of the netor mhicq drives
appAIRfus dPcqnitpliing g yolpgergurEent applisdbofymotRER A Anverter

so BE R iRl rBUGH Shg PRisbiSh BY e Mgl R ¥ eLheriqdjp 1oad,
thd‘ﬁ:ﬁ‘)ﬁﬁ&tﬁ@é%lﬁ %hgl ddtBGich M&AdsABE _d@t@c% h® Bﬁtgﬁf V&l’ﬂ?gtehvealue or

i nverter base pon the detection ue soO that
comuigpdtvali dfabe ivadriee, 2k iaoertadnital meand forkeniroN@ptaer
does not exceed a predeternned val ue, taking
volsagecardaniest of the igvugrprdesedwpat thedstestionvabissedhat the output
variation. In an_ el eventh aspect of the present )
VOlBRFEVHI G Cpiand ivglusr%l\;ﬁfagweaeme@rmé 6K¢Geg|a predetermined
valgRparat us for controlling a voltage or current applied
to a notor froman inverter for varying notor output
torque so as to suppress rotation speed variation of
the notor which drives periodic |oad, the apparatus
In & €1t hpedDof iR EscnOInveBE61€aRéR s pRIVidePd hotstecoptrobn
out put torque variation of the notor, and inverter
appasaius 6or comérabling @ voltaget eradurrentyajpplied tbagaotr foum ag mveoter
the .inverter so that the output voltage 3c value or
fora@grriag Matar apet toraee shasdorsappIseEOtaden eheed sgrigtion of the
fth aspect

i d .ue. | | f h
ol SRS TGS Rerioie Toach 1l Spatfins bomBnShas dhetidiimenys for

derBORRY %{D glgfpﬁgooﬁafgwa%é S GhrmYRd LAYE o? &h&fggglg@g AR Rlvebdr

rom-=an 1 nverter SO as to su

cortedl @ﬁe‘da@@ f?rp@gﬂrdlﬁﬁg avbRAgOdr dutentef fe e Bikéd 8Fon the
peri odi c | oad,

detection value so that the output voltage value or command value of the inverter

does not exceed a predetermined value, taking precedence over suppression of

rotation speed variation.

In an eleventh aspect of the present invention, there is provided a motor control
apparatus for controlling a voltage or current applied to a motor from an inverter
for varying motor output torque so as to suppress rotation speed variation of the
motor which drives periodic load, the apparatus comprising: means for decreasing
an amplitude of an output torque variation of the motor, and inverter control

means for controlling a voltage or current of the inverter so that the output voltage
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t he apparatus conprising: current detection neans for
detecting a current of the inverter, and inverter
control nmeans for controlling a voltage or current of
the inverter based upon the current detection val ue
so as not to exceed the current detection extent. In
a thirteenth aspect of the present invention, there is
provi ded a notor control apparatus for controlling a

valtR dra@enfin C VIS BF tRARY&RYG dols AolBiREd hREIAINIRMETAIRE.
for varying notor output torque so as to suppress
rotation speed variation of the notor which drives
periodic | oad, the apparatus conprising: current

In adwelfth espectheithe presentdaventian thes iy prowided armetor control

out put. current. of the inverter, for drivin the . '
appYE ,foaﬁ%ﬁtr(ﬂf}%% f‘é’Pﬂé%%?‘% SHITeRt aRRligd) 0 wﬁmgrcfr@mﬁﬁ iverter

s0%okd %ﬁﬁyrgiestré%?iroﬁ%e&f viriion! JPHRE bl%{'tomﬁﬁﬂ dgﬁrt%g g&l?gdic load,

curr on“val ue so as no 0 excee

the 4ifaliths cOlRbASTb 0Pt YefectibR medht foribiddig b Rfent bR

fourteenth aspect of the present invention, there is
inyertey, addnecniertcontrobmieand for gpprokings ¥altage oncuaent ofgha
. voltage or current applied to a notor froman inverter
myegier Pagog upgnrtbe evrreftdstactivo vgliue osaot te exened the eurrent
ot.ation speed variation of the notor which drives
de%@?‘?‘b@%‘t@nﬁ'oad, t he apparatus conprising: means for
decreasing an anplitude of an output torque variation
of the notor, and inverter control neans for

Ing @lﬂ%@ﬂlthiaﬁﬁe@ ofehd H@Serl invehtio8 Nhef is&ﬁ@vih@é’( 8 Rbr Shtdd
not to exceed the current detection extent. 3d In a

apparfitue éort doraspieg a @bltadreompruessantpplivteiotd motortfhen aniisverter
provided a notor control apparatus for controlling a
forperyingenefor euipue Hrqapyt aele uppeesaootation spradamriatioe of the

for varyjng notor, Qqutput torque So as [0 suppress .
margk whicirsFe oariodiciaad S eaPaFES CHBPBF IR PERCTH detreton
e £ teiecidBiam I SRR B YRpBERFerd of s 1R Bfory Loy aiving
the ¥R A1d 1998k ELonfRARRahSTorShtrd HRRY £581kd38 orcBHRAI SMthe

speed variation of the notor in corresporidence wth
invietter baxad upennlie current detection value so as not to exceed the current

detection extent, for driving the motor.

In a fourteenth aspect of the present invention, there is provided a motor control
apparatus for controlling a voltage or current applied to a motor from an inverter
for varying motor output torque so as to suppress rotation speed variation of the
motor which drives periodic load, the apparatus comprising: means for decreasing
an amplitude of an output torque variation of the motor, and inverter control
means for controlling a voltage or current of the inverter so as not to exceed the

current detection extent.
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smal l er than a predeterm ned value. In a sixteenth
aspect of the present invention, there is provided a
not or control apparatus for controlling a voltage or
current applied to a notor froman inverter for
varyi ng notor output torque so as to suppress rotation
speed variation of the notor which drives periodic
| oad, wherein a converter is provided which can
In ediftaenth #spdctrafche presemnhverdldng gers isgpbiedd tiondtoe control
inverter, the apparatus conprising: detection neans
appyetusdorentriling a yolipga on@irteng eppied e omotas fiamh anvayester
of the inverter, and inverter control neans f.or.
ForcY P PG ORI U eSS BUTHPRHES ytatpe SPchyariatpn of the
PO PG e G R B Rsink Dl et ocans
foﬂmeaﬁ@aﬁctsamﬁﬁg eS:RY Bhd & eviat bentrol Béhnd ifSChR$8PpicSsiAg
nmet hod for detecting an output voltage val ue or
rotabomepetd waalation of thenmotor én temrespondedcerwitho ter bdadi begng
voltage or current of the inverter based upon the
smaHerben gpredateranined vHEE t he out put vol tage val ue or
conmand val ue of the inverter does not exceed a
predet erm ned val ue, when a voltage or current applied
. \Y o n 3
In b QixdediPh Qérfpe%{ b fese i df?l%ﬁt'imiﬁh&g i %cge‘a rfagt?ng;b? V(\:/h?tcrﬂl

suppress rotatl on speea varliation O

apptrhtie SoP&mtlliing 4 QallageSrS@rfiing 8HEIRAtol sSmator B dn fi®ferter

detecting an output voltage value or command val ue of
forararyingenater putpntitoique sxoas tochippregs sotuiddt spyped omriation efithe

of the inverter based upon _ 3e the detection value so
materayhichdlriygs peariodis|loadyavhesgina enveremis prowidedwhigh qame

copRYSLH sS850 B B 655 SR PECAs oo
SR OGRS ORRA U DL PERSH 0,0

inveBeR land Yhwiter COAGISIONERTs fob BPRT SIS AG/0ltaEabl aNTeREdhe
variation of the notor which drives periodic |oad.

invaftspbatied aipos ¢hik detectionetdinelsd that drpduyuinglageeakieoal ue

of the output voltage val ue .
command value of the inverter does not exceed a predetermined value.

Also disclosed is a method for detecting an output voltage value or command
value of an mverter, and for controlling a voltage or current of the inverter based
upon the detection value so that the output voltage value or command value of the
inverter does not exceed a predetermined value, when a voltage or current applied
to a motor from the inverter is controlled so as to suppress rotation speed variation
of the motor which drives periodic load.

Also disclosed 1s a method for detecting an output voltage value or command
value of an inverter,

and for controlling a voltage or current of the inverter based upon
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of the inverter or the command val ue as the detection
. value. Al'so disclosed is a nethod for decreasing an
anpl i tude of an output torque variation of a notor,
and for controlling a voltage or current of an
inverter so that the output voltage val ue or command
val ue of the inverter does not exceed a predeterm ned
val ue, when a voltage or current applied to the notor
fromthe inverter is controlled so as to change notor
out put torque for suppressing rotation speed
theadétedtionnvalfie tsbethap tir oudpiue Rotitipe @alupedr esthmahdadhlue of the
Al so disclosed is a nethod for detecting a current of
inyarten vdnes enotusixagedh & upredeierdimedc vilon, sekingoprecedence over
| 1ing a voltage or current of the invert

for contr
S%@&l%%ﬁrqt#@% spgcdnyaripdione tWhen a yaltage b cggewo%ppﬁ@d to a

e’ B2 SYPRE s S alea B ehandg iy ptob? Wit for
Lﬁ)?)'&%sﬁﬁﬂgl I%Qitl%ﬁ Wﬁée& ParkioRl TS Re hidhet Wﬂl"&hgﬁ?ﬁ/\%’\ggeﬂéﬂlb 3hd PN

he "not or ich drives periodic | rein, the

Abordissiésedfis & eethodferehgiloying aqfeaRvabigtqfuhe outpuenbltage value
an input current. Also disclosed is a nethod for

ofdbe snverteyontheworgnandyvalue as thestetentionsiahw. a current

det e section d for controllin avoltaeor
Al%r@l@ﬁﬁse 15 hampthod 105 deszeasing &P GHuR! IFfude it hioutput torque

vafliEbt Smalg dfig 18r fdherling R 15YEEE Or bger Yifalihyerter so that
the/ 8{1@%9 Q/oﬂﬁ%é: Yalenbr @Pﬁléﬁa?ﬁ Pé:iué W RLRVerddrOMddsNRot exceed a

I nverter contr ol S0 as to change notor out put

prédetetinddvalsphesd ROItAES ot icafreBPepslicdvay tad hivoofrom the
the notor which drives periodic |oad. Al so disclosed

investen imenttodlefl so ad o chasgagotor mmj;nmtomﬂe fof Slmpre&ﬁirpg.ltotation
torque . variation of a nptor, and_ for controlling

Sp&rsl vargiasy Of ihe anetoprwhigh; drivast periadic dead. ndisor 61851@@@%8 a

d
matfiit tidefelling G Risnf Red iRiser 158 iRt GdFein pogtion, and
oS toRd vél?a SortRreiRBg e%@&’icr%%&&ﬁp&rﬁﬁx@%ﬁrﬁe% detection

suppressi ng a i on speed variation
VaMﬁls‘bfhsdlﬁdth@?ex@@éd R Girted@detection extent, when a voltage or current
applied to a motor from the inverter is controlled so as to suppress rotation speed
variation of the motor which drives periodic load. Wherein, the current of the
inverter may be an output current or an input current.
Also disclosed is a method for detecting a current of an inverter using a current
detection section, and for controlling a voltage or current of the inverter based

- upon the current detection value so as not to exceed the current detection extent,

for driving a




Al'so disclosed is a nethod for indirectly detecting

the output current of the inverter by detecting the

i nput current of the inverter using the current

detection section, and for controlling the voltage or
current of the inverter so that the peak value of the

i nput current of the inverter in negative side does

not exceed a predeterm ned value. Al so disclosed is a
muohoghdror datapet bonguoene spphiel tmghd aadtor afiroimf the moerter is
suppressing rotation speed variation of a mptor in
cerolisglogh ae he chapgs mater putpyt terdra Jos suppressing sptation speed

r.edet i ned val ue,.when a yol.tage or current applied
Vg%ae[l%&rtﬁ%f'f&go??’hlf?‘ lweﬁ‘PSPPé’F 1f’%‘Econtrol led so as to
o] u N t afd.qn
AHABS00E R o Y BleLfe sABARRRASE B! b orque
varReidn oflas@otbrs shd $@Cednbroflineh RotagObr defremt dfith Riverter so as
estimating | oad by neans of an average current. Also
nadits ekaeddhé suraentulchmtioh extengtvelndn agoléagecartquutent appilmgdo the

~value or_command _ val ue of an inverter, and for
meten e tha gnyerie) isagpntisiled for anto ghangremoietepippt krgue for

- upon .t he detection val.ue that the output volfage
supfiRGhg ot Bt SherarBliog ot fhrmolor ue L HSiRaciidic e
C pfe n :a_Canv
ARSCERIGREICIhEUBRS, Hohy AR g ARLGFR Fhted of e
inWrtettby Setetiiy fhedinb8t édeentioTMBE iBferteR MIFind BB caréat E&eetion
or current applied to a notor fromthe inverter is
sectoort, ranki| fed cemtrabing dhe Maltagge omn¢wrentd wf phuit ivertgueo that the peak
suppressing rotation speed variation of the notor
valysl eh the il purenddrictheotyertenin gegativg sislegdees mot exceed a

t hod %&)r controlling the direct current voltage
prgﬁpﬁgmlg YU he inverter based upon the detection

Alé’c@lc#&l?ﬁ%lisﬁ g ?ﬁ%tﬁé&dfoirsd&egm{ for© &t Qr'i%f%ézﬁ ahH@ fo? not

controll'ng a vol'tage or current” dppliedto d notor

suppr&FRN otV §fdedSParatioh OfSHRRAGSH EQképoafereeFh the load
variation of ‘the notor which drives periodic |oad,

beingsprallsethaa adetdettimined sahiepwhenn vidtage or ogrrent applied to the

motor from an inverter is controlled so as to change motor output torque for
suppressing rotation speed variation of the motor which drives periodic load.

‘Also disclosed 1s a method for detecting or estimating load by means of an
average current.

Also disclosed is a method for detecting an output voltage value or command
value of an inverter, and for controlling a voltage or current of the inverter based
upon the detection value so that the output voltage value or command value of the

inverter does not exceed a predetermined value, when a converter is




an out put vol tage val ue or command val ue of the

inverter, and an inverter control section for
controlling a voltage or current of the inverter based
upon the detection value so that the output voltage
. value or command val ue of the inverter does not

exceed a predeterm ned value. Al so disclosed is a

not or control apparatus for controlling a voltage or
prwideentvhicpph @dntrol a divdod rcubrenmvaltage weiitleris sapplied ¢ the
.change notor output torque for suppressing rotation ]
nypeded apdrwvhen arvadtage log owoteot appliethtaleimetor perm dlg ¢nverter is

| oa conpri ses a detection section for detecting an
C‘?Hg{og{?fi %Pog?é@ é;ﬁ@%% BPT QURHE HOFAUG PL SUBRTCSHRS rotation speed

VAR e ARSI G bef Qb gla. Sect 1 on. for
g a vo

t
ol I'I'n age of “-current "of the inverter
- ARRs@idcsRaNist h enciRI R fdrl DRtrsBlintethRditdba Bt Witddetsupplied to
vol tage value or command val'ue of the inverter does

theahverter dasedupgoratie ideteniios dtalua) ue, taki ng precedence
over suppression of rotation speed variation. Also

Algp thiscdesed iss maten emtind mppatatuspfourcontrsllingas veltpgo s cyrrent
pgﬁai val ue off t he .output voltage val ue of the . .
a £Q &rmgfor LFpIm ag RGNS 3eloaIDPRESS detation spred, ¥atiation of

8, RO P 0, EDRARL RFRLTH e B

anf GUAPREARO1aBY AR orl nERMd PA1hE @f tIROINRSriE0 a8 ANIBvEFRE Qbntrol
out’put torque for suppressing rotation speed variation

sedion tfhe coatrolinghiacholthgeves querenodifc tHeoaikierieo rsed agpoanthe
i nverter control section for decreasing an anplitude
detsrctign velnep thebihgumtmuniolinze vabie arlvemangt valueef the inverter

controlli a vol tage, or, current of the inverter so
dogs,Bet ‘f’i‘?&eﬁggﬂ’ﬁ‘?}i/etwl eh@lyel ue or command val ue of the

' r S redet ermi ngd. val S
AL UBELSE 9P 8 b BB RS Ry Dhg 2 yifiond of Rgren
apliaPtd a0/oRr BYh 8RtinvaRd §£9s 8 @a E%otfof“(ﬂl?t]]ﬁ\ﬁ torque for
inverter is controlled so as to suppress rotation
sumpesthg vaatiah | peed fvatibBomaifotheWhiotdt @hichedripey podbdic load,
| oad, conprises a current detection section for
comprisest & dgtestionseesinn fofr debesting\asy owpyt volthgenvalne er cemmand
control ;section for X )
value of the inverter, and an inverter control section for controlling a voltage or
current of the inverter based upon the detection value so that the output voltage
value or command value of the inverter does not exceed a predetermined value,
taking precedence over suppression of rotation speed variation.
'Also disclosed is a motor control apparatus that employs a peak value of the
output voltage value of the inverter or the command value as the detection value.

Also disclosed is a motor control apparatus for




controlling a voltage or current of the inverter based

upon the current detection value so as not to exceed

the current detection extent. Werein, the current of

the inverter may be an output current or an i nput

current. Also disclosed is a notor control apparatus

for controlling a voltage or current applied to a

notor froman inverter so as to change notor out put

[ r

S &l B RSl el Bl B8 RO R RS 8 P s Tontrolled
scC g k@ Rharthet ®otdratpaciot@ir fRrsuppiedsing totatiot Wpeedtvafhtion of

the inverter, and an inverter control section for
theamotos| whinly daives Ipesigdicoloaducomptisasf ant frevertiow eonteel section for

based upon the current detection value so _as not to
deskeasitig anaeRlitpde tofgat EptpWntorgyg aatiatigy of dﬁ? vinpkgrs pad for

odfifing fivhfedt EPRRGE osing iRt oS Fhiife afBBe ot it or
ohPINAatuBYE v ERe Rk uof bUeRihBY afuer que

8 a
suppressing rotation speed varliation o e notor

AlbiditcleiedVies Beforadngrol apshratu§OfR ¢S] lan: h WoRthi€br current
control section for decreasing an anplitude of an

applicg ¢e a maetoy fieny an istdrien 1o tonthel ladotooas, toasugpfess ratation speed
controlljng a voltage.or current of the inverter so as.
vagigtion of dhe Eator which drivss peringie taado ROBRTISeH 3 cyrepy detection

5 LB B SRS
coffroll é'%ﬁﬁ%eﬁf)r BYrrigt 'erlﬁvc%tjﬂﬂﬁ Bdggél‘tupﬁﬂ thé Elglrreﬁt &ection

I nverter as e current etection sectron, and enpl oys

valuesQrid Aot th @xcednthe @utreRtd@ectict &a6. Whetein| Sidtcu@fent BE the
inverter so that the peak val ue of the input current

inedrtarmeay bnareoutpnt current ganvepidicderedbes not exceed a
predet erm ned value as the inverter control section.

Alsp sbsclpsed |1 gamoiog canirel apparatys r ST eoprelliinga vobage or current
arpRBh81A FRBar FEP) 5% S 5 ARBE Sch ueBle fr
suf)fhressing rotation speed variation of the motor which drives periodic load,
comprises a current detection section for detecting a current of the inverter, and
an inverter control section for controlling a voltage or current of the inverter
based upon the current detection value so as not to exceed the current detection
extent, for driving the motor.

Also disclosed is a motor control apparatus for controlling a voltage or current
applied to a motor from an inverter so as to change motor output torque for
suppressing rotation speed variation of the motor which drives periodic load,
comprises an inverter control section for decreasing an amplitude of an output

torque variation of the motor, and for




suppressing rotation speed variation of the notor
whi ch drives periodic |oad, conprises a |oad
detection section for detecting or estimting | oad,
and an inverter control section for not suppressing
rotati on speed variation of the notor in
correspondence with the | oad being smaller than a
predet erm ned val ue. Al so disclosed is a notor contro
c@ﬂh?é‘l‘liﬁ?%v&l'?a@e SRR F REGhIGHr 0 asdfdtefol &Bed She current
estimating | oad by neans of an average current as the
detzationlettent. i on section. Al so disclosed is a notor
control apparatus having a converter which can contro
Alsodlisalesedcis rar motorvasintra eppdracils that eoplplys edetbomor indirectly
inverter, and for coEtrolIing $¥ vol tage. or. current
r

defeptingdthe iutpnt gyursnt of ghg mverten bardetsctiog the inpntceTrge of the

infBstas, BK' Sieph BE R Tort Shatitih BT RHLE R RiigPrrop Bfftotting o
vAREBOr $6feft ShEShveHr 36 gﬁzitci e Eé’z[kf 929&@ of itﬁbgin?ﬁt Qﬁi’r&g tof the
v va of t er, an

ol't age val ue or comman u e |1 nver

inaertérnivendgarive gide dbessesit éx@eed arpredettiminet ngilve ay the agerter
or current of the inverter based upon the detection

copgoligectiont hat t he out put vol tage val ue or conmand
valcﬁe of the inverter does not exceed a_predeterm ned

Alsg) digclosgd Ap eiomgtar Gantiel apraratugo fefr cuuralling azyliaesagcurrent

arpURY 014 Subr PR n” Bl kel oA, mel R OftPl foraue for
SUBISARE SRUER ool Eion, OF B Bl OERA BPle} iffiodic load

cottgiribet S bRl deteRtibn VeRkctian efoY Addigctidly 6P B¥ERRAting alodd, @hd an
the inverter, and controls the voltage or current of

invérteri aontrot sectivasfod notipappressinginitaticr speedalauiatiso dftthe motor
t he out put vol|tage value or command val ue of the

injcairesRapdengseyith he load betng sealjsr dhpn apredaieaingdalughen
RGPS oY B BBk RGP bty BT i
o ARAELRRHeA 5 Rk AP Y55 BB tion
Alsggﬁ?flgféagiﬁag?oid% leBRbPAppatAls havIRak 8o RStk MhikIP E& Bontrol
a direct current voltage which is supplied to an inverter, and for controlling a
voltage or current applied to a motor from the inverter so as to change motor
“output torque for suppressing rotation speed variation of the motor which drives
:periodic load, comprises a detection section for detecting an output voltage value
or command value of the inverter, and an inverter control section for controlling a
voltage or current of the inverter based upon the detection value so that the output

voltage value or command value of the inverter does not exceed a predetermined

value.




to the saturation of the voltage, and the torque
control can be carried out up to the Ilimt of the
i nverter even when the notor rotates at high speed. In
exanpl e enbodi nents a nmethod detects the out put
vol tage val ue or command value of the inverter, and
controls the voltage or current of the inverter based
upon the detection value so that the output voltage
AYR disclosedciormaotbr \¢aht6l ffpatdies thiapAgtHe cotPeiseddtirect current
exceed the predeterm ned val ue, taking precedence over
veltager amwiodsection furatdantnollsppthe disgct atiment voltage tupplied to the
.vol tage 8r current applied to the notor fromthe
inveytey based ugop Hha deestian wWiues to change notor out put
torque for suppressing rotation speed variation of
the notor which drives periodic |oad. Therefore, the
"B li énﬁbﬁﬂﬁé}ﬁ% théABY Aefedls R Co%tIISlIt Vdifag8 Yafle HMmand
by akening the torque control prior to"the
vahad of alid divepffer,t Med Cohtt6lg ehe adttagd Or tourpue of Ahé idVertebased
be carried out up to the limt of the inverter even
uppinghe dbiecion valuesodbasshebutputholtageaadive or commaadyhlae of the
. enbodi nents a nethod enpl oys the peak val ue of the
Inyergsdoes grat a@@eefi 3he, resheterivangd,vall o Wheh the @ oltagsrn gurrent

ppfieida e o Sel ALt b AmifHe o B RRT St i SHEGe fotftion
sp¥éd l\féltiétftg} 9{ Rﬂéﬁofﬂi‘t@ﬁich‘?ﬂgweﬁ gt@HB?fﬁsloﬁ&eTHéijeﬁﬁ‘ €th8 'motor is

current e Inverter so t e out put voltage
prvdngiel BomcotiaRdcy af itsgalartsh bywenk&iing destoffife @xnaeedrior
the predeterm ned val ue, when the voltage or current
to dlpsdteration of ke woltage, ind thet toequei congnol ean be cewiedrasit updo the
. SO 23 to change notor_ output torque for suppressing
lirpig oh theghvertgreagnaiandhe sroter rofaies adtish speideh dri ves
eriodi c | oad. Therefor t he tor is revented from
In BEiiiemSBfions £ gt detiS sG biloek koBES KA o gobina
e : ’
vl iR, apl SphliFic YL VEIRIAC CAlechPBe b flfer 1B ypon
theOlletbfigor RiRet & tigl afic VAigputt Rsitaget eilué Qfradodsmaind Wallle of the
speed. I n exanple enbodinments a nethod detects the
inverter edues ofiott leaceeds ehe epredsienminedr velue, taking precedence over

suppression of rotation speed variation, when the voltage or current applied to the
motor from the inverter is controlled so as to change motor output torque for
suppressing rotation speed variation of the motor which drives periodic load.
Therefore, the motor is prevented from occurrence of irregular stop by weakening
the torque control prior to the saturation of the voltége, and the torque control can
be carried out up to the limit of the inverter even when the motor rotates at high

speed.




detection neans, and controls the voltage or current
of the inverter based upon the current detection
value so as not to exceed the current detection
extent, when the voltage or current applied to the
- nmotor fromthe inverter is controlled so as to
suppress rotation speed variation of the notor which
drives periodic |oad. Therefore, the notor is
Ipeearepie eth Bodimens auheod engfloyd fegaivalileot th¥ output voltage
weakening the torque control prior to the current
vaue eéthengveer adhe command vabret asdhe dhtection vane.
ans. I n exampl e enbodi nents a

) det%%ﬁi on mg : nfe;t hod
In fXampie cpbedingteameihod decreases the amplityde olther@yput torque
.eCt | neans,_.and trols.the valtage Gurrent
vaghiph ol BRR0S 28600 ahE s3HkeR, of S Ple Ve SHisb T o that
t c ] '

(¢ Bulf SRIAZe Wuc) @ COHRIH VARSI Ty PO xpeed the
predetér@iihe@ palueg tvheq thb @ol@EObr Cu@shtt diplicdnvahé &fotbs from the
_controlled so as to change notor output torque for )
ingergsprie sentnglladotoasi to changsematarayutpiti torqueffot sppressong rotation

whj ch drives periodic |oad. Therefore, the nptor is )
Spﬁﬁflawmtgal of tiey e on i driges Perigg)lard.sthsgefoye, the motor is

prfGREEITR: dotir e RTak SopfPepisb g P fidue EBhirol prior
to #d &ftlafiBn ﬁ@vol*a%e?%}gﬂgﬁ Gﬁt)ﬁ]entf@%h%f‘&ﬁl [ E%HE@ Qut up to the

decreases the anplit out put torqu

linvid bf e iaRe®dr dviee whehalie ninek @oated &l lagh bpeadol t age or
current of the inverter so as not to exceed the

In exampletentetdantite a reothed teteotsehe thremolfithgmvertecusing ntrrent
applied to the notor fromthe inverter is controlled

detgerions megns i gentipls dhe volfqae on @y of Bre invertrrhased npon the
ety stop iRt S Atk BriaSopd B, Gttt delisfin SlabE whepihe
Vol 6F FAEnt Corlich i th moioh i HETHEEHRs CoBfroliBd 3% to

suppkéRntotafion NpesdrvRRkiond6t aht i MdtdFedMsch |d¥vex apaidlic load.
enbodi nents a nethod indirectly detects the output

Thereforentheafiotohés pienveed Eronbycelrt@ctiofdgrregdar stppby weakening
current of the inverter using the current detection

the torque control prior to the current exceeding the detection extent of the current

detection means.

In example embodiments a method detects the current of the inverter using

current detection means, and controls the voltage or current of the inverter based
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means, and controls the voltage or current of the

inverter so that the peak value of the input current

of the inverter in negative side does not exceed a

predeterm ned value. Therefore, the detection

accuracy of the current sensor can be mnimzed, the

detecti on accuracy can be inproved, and the capacity

of the current sensor can be decreased and the cost
u?cﬁn tHREcUt Ik BBlecEN % ue st 46 k83t fe b:)én‘éﬁ{ AQEHh extent,

current detection extent. 11 In exanple

farndrddhgretnd ﬁlo&)rmbﬁdhel ebRegesoncureaitiapplied td dRdmotstdrom the
does not pgr ess rotation speed variation of the

inverter isi qqmtroHc spo%n tjaadwgwrmcbtot hetpubadquebsr sypgresdihg rotation

thnthe det er m ne al u vvhent e volta
rEaL Ia'gm? heymoter Whis ﬂYﬁS Reriodi Wb@ie?@ﬁ, {hg motor is

oSSR e S0 0t e i
tofAk Chrrehi 488eHAk 'tl@léjd&eétﬁﬁpex &hﬁ*&ﬁé aiﬁ% t%itef%%hbhw aﬁE‘d

efficiency when"the load is |g ht can be |rrprove
Irexcample egibodithems tismathodt dvetkaded getAnpsiiués bf wat Q@tphpaﬂque
by neans of the average current. In exanple
vaeaﬂwdoﬁ’émmo@r restdhashtndds thetvoliape ooauent ofdhe agertenkae@s not
val ue of the |nvert§%l’m§nd controls the

to %*Feteﬁgga © SRITERfy JARRIIQH SxXtRRL, Mhgart A8 Gysent appaed to the
St Sl Yl 5P cbRBBALSo B Bt BB GBSy Brave for
suﬁfr@%%f__? " Biall6H sp@f;dl %an‘A‘QSH (ﬁhﬁlecﬂl'?)‘((ﬁI Wl H an%smeﬂﬁ&c Ioad.

whi ch Tan cont the direct current v t age

Thetefpdel € hotor Repievestet dfom akdurraitevitifegylal tdgeyoweakening
current applied to the notor fromthe inverter is

thﬁ:t@muedtdn@@l puor tisthesucieahgeendingrthe deteation extgueof thie current
%o&hes& ng rotation speed variation of the notor
'def\ﬁﬁ ¥ es periodic load. Therefore, the direct

Tn S8EBK i RaRORNT agbhad MiReE Rk eriv bl shrepsr e
md% d ﬁggﬁe?ecft/%l X ag?ﬁﬁ{ft rc%?&ﬂt of él‘né [RAHEALsiRE We SHERNIEEBction
means, and controls the voltage or current of the inverter so that the peak value of
the input current of the inverter in negative side does not exceed a predetermined
value. Therefore, the detection accuracy of the current sensor can be minimized,
the detection accuracy can be improved, and the capacity of the current sensor can
‘be decreased and the cost of the current sensor can be decreased by narrowing the

current detection extent.
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I n exanpl e enbodi nents a nethod controls the direct
current voltage supplied to the inverter based upon
the detection value. Therefore, efficiency of the
converter, inverter and notor can be inproved, and
affection due to the dead 12 tinme can be reduced. In
exanpl e enbodi nents an apparatus detects the out put
vol tage value or command val ue of the inverter using

Id Qﬁaﬂﬁ%@%ﬁﬂb@ﬁirﬂ&ﬁ@% rﬁ&ﬂ%(‘fq{gtéc% %rt&?imaﬁé’g YS8E Hd does not

curre the I nverter based upon the detectron value

suppréshabtation spetdulariadon tofdhe \WadtUL i CofspoRdencaivith Bk load
the inverter does not exceed the predeterm ned val ue,

beihg smaker theint thg eredetermined valppivhen the volegenot osrrént applied

the inverter is controlled sq as to suppress rotation
tosfgisesaot@afm% it inertehss eritellegiiocss togrhanse mupr gripyt torque

oIBR8 s TP AL S b v s
TEQBEE) stdWiliQf arfd® 1Bf%n§§?‘Weﬁttﬁ@Ibaﬁgs figﬁ’t ! ﬁ&ﬁ&wg@tﬁ?m .

the torque control can” be carried olUt up to

Inoéxdniysle | siviRidigienBVE mathed defRtd ot estimaleatlosd dly et of the
speed. I n exanple enbodi nents an apparatus detects the

averageuwureot.t age val ue or command val ue of the inverter
usi ng. the detection neans, and controls the voltage

In sxample: @iRbodimentrea mpsfaed detepisdbel outnvh vokage ueles or semmand
el o o Y% bt e 1590 e upon
the Upetie WaltRdsy dhdtethe Y b&?agenvﬁﬁ‘% %r&o{oglg&ifngg& VERRDS the

aki'ng precedence over suppression o Spee

imwfer dbePhot Mresd tiepredbieAfiet vatld, Weih tB®Rbhedtdras pRfvided
nmotor fromthe inverter is controlled so as to change

whielt oan curtpoltthe dirgotectroment sojtpzeewhichgs soppliddoin thpardkrter, and
varjation of the notor which drives periodic | oad.
whendhe veliege emairrant gpphied o tho apeter iopbihedprerterdp entsplied so

o A S T R FAE B Gk 36 SHBHSRSORLS SheBhbPbe
i Wiith G8Res periodic load. Therefore, the direct current voltage of the
inverter can be determined to be a minimum voltage, and consequently the motor
is prevented from occurrence of irregular stop even when the input voltage is
lowered.

In example embodiments a method controls the direct current voltage supplied to
the inverter based upon the detection value. Therefore, efficiency of the converter,

inverter and motor can be improved, and affection due to the dead
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be carried out up to the limt of the inverter even
when the notor rotates at high speed. 13 In exanpl e
enbodi ments an apparatus enpl oys the peak val ue of the
out put voltage value of the inverter or the conmand
val ue as the detection value. In exanple enbodi nents
an apparatus decreases the anplitude of the output
torque variation of the notor, and controls the

1iMR LA REu&iyr rent of the inverter so that the output
vol tage valUe or conmand val ue of the inverter does

Inh @kapke @¢hbodivBerts esietphataied démdctie thdlsdugtt D6ltage value or
i nverter control neans, when the voltage or current

campphbié dvaee tofietheoinyertér osinghthel detectien meansprand otdngmls the
out put torque for suppressing

slo as to chan % not or i
veligsor &Hrr%w% ¢ drvester Basegrunondhedetsetion velyegpithatghe output
iodi ¢ | oad. Theref t t [ ted f
vk efice Bt cPIRB Skt o S wIhEERT hOocs st GHeRE. the
h . . : ¢
PERRLnch ol o e VRES or RlinBly Afiell A8 tpoffom the

inoértértie conrelidddo Sveuppees tdistismipred vatiaties ofthelth@or which
speed. I n exanple enbodi nents an apparatus detects the

dreves peripdisfloadhe i nverter using current detection

meapns, and controls the voltage or current of the .
Therviors: dhe Boteids PEpsAtadHEomacCRRenGRopidsterBlar viop Ly weakeaing
0 RSB IS S B eBH e PR con
bePRtib @ dut fS?Ett(li‘ Shd BRI of tfhfeqmértb?eé(y@i{ ien’ thle%négt?f‘ th‘ri]tgﬂek &f high

so-as to ppress rotation speed variation
spe&t.or which drives periodic |oad. Therefore, the notor
is prevented from occurrence of irregular stop by
In weakepie ngnbodintcotgae appdaratnl detects the dhiput swdltagat valne or.
of the voltage. In exanpl e enbodi nents an appar at us
copgangvalygef thginarter gsingrihe datgerien means, and controls the voltage

or current of the inverter based upon the detection value so that the output voltage
value or command value of the inverter does not exceed the predetermined value
using the inverter control means, taking precedence over suppression of rotation
speed variation, when the voltage or current applied to the motor from the inverter
is controlled so as to change motor output torque for suppressing rotation speed
variation of the motor which drives periodic load.

Therefore, the motor is prevented from occurrence of irregular stop by weakening
the torque control prior to the saturation of the voltage, and the torque control can

be carried out up to the limit of the inverter even when the motor rotates at high

speed.
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usi ng current detection nmeans, and controls the
voltage or current of the inverter based upon the
current detection value so as not to exceed the
current detection extent using the inverter contro
means, for driving the notor, when the voltage or
current applied to the notor fromthe inverter is
controlled so as to change notor output torque for
Ins upanplesembodiateats an sppardus afiipddysOtheopedkh@alilot ¢l the output
which drives periodic |oad. Therefore, the notor is
valtageeatusdofithe mvstieuor eeomshand vagehathegtetgetiop value.

weakeni ng the torque control prior to the current
TneeRRP rF‘dan?fgm&BEse%l% iapRa@se Aecrgnses Hoe Ampligpde of the output
t 10n ns. ln exanple,epbodi ments an r at
o B PRI gl SRS B TRT P R RRR AN o
th¥efhbalutAt Riitakb&allRt & corRREng VAL S tHeiBvePdr! RE] 1Rt exceed
current” of the inverter so as not to exceed the
the prédendrntdaé® ehluenusing ehé inrsdrivg donerol Means,ewh@o g Obltage or
means, when the voltage or current applied to the
cumsnbappiredriotthe matereiromr the Sneestarris coritoli soaas toocchahgs gwtor
not or output torque for suppressing rotation speed )
ORI tQEGUS OB FURIHESS IR TQSALIQTh SRePAdYariABON R the dheiof gdch drives

. fore, the notor is prevented from occurrence of
Peﬁ??@@ﬁ%&r stop by weakening the torque control prior

THefAbRE it hbRR s ?f‘é%/%ﬁt‘éti Teorh *b%cﬁ*ﬁ‘-é&“etdfq{%ﬁgﬂ‘lg? &bﬁ Qér Wkening
current detection neans. I n exanple enbodi nent$ an
thappquiatoirad Pplod Y& tHmangafion of i veigkyartdethe ebigng cohfol can
out put current of the inverter by detecting the input
begarmethoutodp ththe limirafghe asvertes evenwhentthd eaagor ragates at high
means, and enpl oys neans for controlling a voltage or
SPe&fkrent of the inverter so that the peak val ue of the

In RBble; HbhSRinels bt dphitifis. Fiot BESRmEHE of MCTRERER using
cul‘f'ﬂ'ﬁtcfe?écti%a}ﬁéans, Ihe E@ﬁtﬁgg thd D1t @céﬁrﬁéht %g‘ih‘é AerRE based
the e ed, the

current sensor can mnm etection

up@f e @ayert ARtdetioh MahRvesras abdid BeceedRBE ichite ddtbetion extent
current sensor can be decreased and the cost of the

usiog thieemverter control means, when the voltage or current applied to the motor

from the inverter is controlled so as to suppress rotation speed variation of the
- motor which drives periodic load. Therefore, the motor is prevented from
occurrence of irregular stop by weakening the torque control prior to the

saturation of the voltage.

Tn example embodiments an apparatus detects the current of the inverter
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15 sensor can be decreased by narrowi ng the current
detection extent. In exanple enbodi nents an appar at us
detects or estimates |load using the |oad detection
means, and does not suppress rotation speed variation

of the nmotor in correspondence with the | oad being

smal l er than the predeterm ned value using the

i nverter control means, when the voltage or current
ugipplcugent detédiRDonmbats, hhe Pontrble the VeltA®s of Surt@tofahé atverter
SO0 as to change notor output torque for suppressing
basstlatpoarthe pegdnivaeteetidronalué sbras nodtto exedddcthe dnirreat detection
periodic | oad. Therefqre, stability and efficienc

exiRBihusing theolpyerter conyrpl teansy ot drprg dae moote yieH| @% voltage
nbodi . | f d '

of PgEH TiAd0 ABREORY HhekTBe HVrHE E5anBEucE e e ap panee

b et &%&%ﬁ? Radlfe rb3ti6x B ggva\?ﬁﬁﬂ' SERESMEPr which

appar at us detects ut put vol ue or conman
duedsyserioldid loed.i nverter using the detection neans, and
controls the voltage or current of the inverter based
Thesefore.lbe dwtercs ipoevontddiromooacherenechef iotegplar stopl hyaweakening -
val ue or command val ue of the jinverter does not fxceed

the frape seRir s o thespureent gxegeging Beidgicstipn exteshpf the current

s, _when the converter is provided which can
deg%%{&P&Pea&gdi rect current voltage which is supplied to

In!&&n ¥%&ﬁtﬁfdﬁ1¥1§ig§n %tﬁﬂgﬁpéﬁﬁls YQrEARE tRE o%lﬁﬁ&é @Pile! Stput

to tne notor nverter so as t ange not or

torut Retiatien alithelmatos L @Sisiolothe QoRhEOOr Sead of dlid Aivedr so
of the notor which drives periodic |oad. Therefore,

astivd tdigxeced che cementvddtectipm eftenthusingvhe tinverterncdnérol means,
det ined to be a m.ninmum voltagrg,mand consequent |

whendhenplazs o QHEspE apRled tookhe 1eotek Bigm Bisdavester is cepigplgd so
o3 SR RS TR b B85k R S hriaion of e
mdhf IOGUEBtaiag, cont o ears, o cont ol ng
Theasefé, tizoMotones prevented from occurrence of irregular stop by weakening
the torque control prior to the current exceeding the detection extent of the current
detection means. |

In example embodiments an apparatus employs means for indirectly detecting the
output current of the inverter by detecting the input current of the inverter as the
current detection means, and employs means for controlling a voltage or current of
the inverter so that the peak value of the input current of the inverter in negative
side does not exceed the predetermined value as the inverter control means.
Therefore, the detection accuracy of the current sensor can be minimized, the

detection accuracy can be improved, and the capacity of the current sensor can be

decreased and the cost of the current
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detection value. Therefore, efficiency of the

converter, inverter and notor can be inproved, and

affection due to the dead tinme can be reduced. Brief

Description of the Drawings Figure 1 is a block

di agram showi ng a notor control apparatus of an

enbodi nent according to the present invention; Figures

2(A)-2(D) are diagrans each showi ng a waveform of each
sepe6t da@be ddek@ide@ bY nhfowin Belcusicnbd@Betsdionitag. an

exanpl e of a position detection section; Figure 4 is
Inaexaimpd& edibomgiments rowapppratusoietectscon estohatap peadatising ghe load

anat her enbodi ment according to the present .
defeolientmenis, pdsloes sof suppressIEkatigmagcath aRaiph @f dhedgraier in

contr appanat,us, of .a.further e di ment accordi .
cofi3iepPE SAT ol ite SRir A RE oo BERGL YRR using
the IRURILSRAN H8afl, WA 9&%@:&' rRRPRELHNE tothl HdiBPfrom

odi ment according to the present i nvéention.

thé/bgeerfepris Gantnslied sOuds tdehdrpéembtarnoltpaetdtghé o5 suppressing
referring to the attached draw ngs, we explain

- rotafibp dépeedt wargtionaofrvhe maeton twhikch ndrivesdpematlia poad.atlberefore,
t her eof cording to the present _invention, in
stalpalityjand e%ﬁ@l.enqy wen thy lead ighighfcambeiBreeda ot or
control a ratus of an . enbodi nent according to the ..
In SR a0bf oA e A rapE SREROR OO O OB5HaPEELEMmating
lo%fl%f‘iﬂ%%n@oﬂh%%%ra“g@rcﬁﬁ@ﬁt RANE To M ERidVmeARP! Yi NG an

ernate current “power source to a converter 2,

In SéXRAIPAEe EMmbREmAR! ahN@shAfathe Cdet6its I BBt cBPVEIvalREECRalue or
using a snoot hi ng condenser 3, converts'the

cormaot hahedofdihe exverten usiagtthp detecti@omeans, iant @oatrols the voltage
alternating current power source using an inverter 4

or gigens ¢ the Byerteebassdwwendhe detection value so that the output voltage
value or command value of the inverter does not exceed the predetermined value

using the inverter control means, when the converter is provided which can
control a direct current voltage which is supplied to the inverter, and when the
voltage or current applied to the motor from the inverter so as to change motor
output torque for suppressing rotation speed variation of the motor which drives
periodic load.

Therefore, the direct current voltage of the inverter can be determined to be a

minimum voltage, and consequently the motor is prevented from
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alternating current power source to a notor 5. And,

this notor 5 drives a conpressor 6. A voltage and

current supplied to the notor 5 are detected using a

vol tage detector 1la and current detector 11b, and

the detected voltage and current are supplied to a

position detection section 12. An angul ar speed out put

fromthis position detection section 12 is supplied to
oxudichte o€ nregilar stdB esen adentthe aepgyp woltage anlpwieaed. In example

accel eration. A fundanmental wave conponent _extraction
e@b@dlmtﬂm aparates further ¢REMHSAY dlrewg‘eebwcﬂg@montwl means

t he Ieratlo and su .
quﬁaﬁﬂﬂ e E5EC panPaRteef SoaRiahls B blSadased Hagp the
|
B oty s A
m@}M@f/@cH%nﬂlaﬂ’e@ﬁén aeeTRihe dedititne Gid Rabécn resul t,
current detection value, and the rotor position from
the position detection section 12 are supplied to a

current_ control section 17 so as to carry out the

Bk Paseriptiontof dhe Bsyiags on, and a vol t age command is
. [ to . the i t Th [ta d
RN AT AL NTIRE TR L
. : | 18
erl o HiE N I BT HhAGR T Gection 16 as an’
Fl?‘dl‘dd S ARNDY 8@ Ackams Bagh QI%Wingsasﬁﬁveﬁ‘oﬁﬁ%f R&¢H R4ti6n;

d varlatlon of “about once or twice per 1 rotation.

Fijybted} s aofhloviadiagrem showinglaradiamiple afia lpesitiopldeteetions t he
motor 5. The position detection section 12 cal cul ates

seatum;t at i onal p05| t ion, and rotational angular speed
P e et e o B r b b oL b
e AN e !fs'kl%r?%tr BRebdfue"t he angular speed so
Figifre!s%s G164 @fardnl Showing a motor control apparatus of a further
embodiment according to the present invention; and

Figure 6 is a block diagram showing a motor control apparatus of a further

embodiment according to the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, referring to the attached drawings, we explain embodiments of
a motor control method and apparatus thereof according to the present
invention, in detail.

Fig. 1 is a block diagram showing a motor control apparatus of an

embodiment according to the present invention.
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angul ar accel eration. The fundanental wave conponent
extraction section 14 extracts the fundanental wave
conmponent of the angul ar accel eration. Therefore, an
angul ar accel eration variation having a frequency sane
to that of a notor rotation speed is extracted and
out put as the output of the fundanmental wave
conmponent extraction section 14 when the | oad change
Thef nidter contil eggaratus oboais pedirket euatemdnpo®et hurce by
nmotor. Wile, an angular acceleration variation
apniamg@ altereatestryentpareer souroail tofa conwerter 2 stxothens the
peed j. s extracted and output as the outpyt, of t
obt fi r{jélfﬂca CW%t R%ﬁ?jfo@@wceemlast ﬁo?ﬁ@@f&%mgncqllg%?@ﬁ 3,
6 is twce

conytis, f5h SPROPIRAToRsPet FREFHIpPITER SRR LHAHE Altdmating
5

ol g I, g e

altédfRkiny GALbApbReH E‘,Burcg' & Ao zgﬁf | %ﬁl pualh rE{)drwes a

section 15, a gain Is determ ne
coniptBbsarld.y i nt egratl ng the anplit ude of the fundarrent al
wave conmponent or the like. And, the gain is | owered
A vbltagammyi agrent sppplded $o the suctorthare detezterd tsinig a voltage
proportional value is renoved fromthe integration
deteﬁ&m dlafapd cuszemipiletectar 1By punkthe detehtedsvqlpage ﬁgdcsfurrent
dj.ust nent , ¢o nd. . The peak voltage contro

isf toga Rositdens ﬁ%ﬂtwhﬁewfi d@e ém epgula) @%%1 output

fronp%ﬁi‘s?awlﬂa%eﬁ et IS URIRAH® S BUEFISRHASOF 38 S0 a5
to 8H§ﬂ{tesa[§1ht u‘i‘gﬁpl ééc?ije%a\‘.\i{&gn _t!Ae éﬁgg mbQ V\%lagiﬁaw? o@o%ﬁ’!)ﬁ(ent

evi ous erm ne

extﬂl%h%hrgeEﬁgn Wiy C??ﬁtra{c%é H%hd‘a%n(%ﬁf%}] WX 'EHHilp%%HH bf YRS haghlar

maxi mum nodul ation rate I nve
acce(lsmmﬁ a6l dupplideeRe tfafdRAANtAPWLIE CoRP6RENEE € ¥Alaweplitude
which is slightly smaller than this previously
adjlda&nmntl seedon dbue A fulstracidog lsejtion A6tsedtradchetieaktput of the
'vol tage_control section 18, a device can be enployed
amplitivde adjustment section 15 from an average current command. This

subtraction result, current detection value, and the rotor position from the
position detection section 12 are supplied to a current control section 17 so as
to carry out the current control operation, and a voltage command is supplied
to the inverter 4. This voltage command is supplied to a peak voltage
control section 18, and the output from the peak voltage control section 18 is
supplied to the amplitude adjustment section 15 as an adjustment command.
The compressor 6 has periodic load variation of about once or twice per 1
rotation, |

Motors of various configuration can be employed as the motor 5.

The position detection section 12 calculates a rotational position, and
rotational angular speed of a rotor ﬁsing the voltage, current, magnetic flux,

and equipment constants such as d-axis and q-axis inductances (Ld, Lq) of
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19 detects the output voltage value or voltage conmand
value of the inverter 4, and supplies the adjustnent
command to the anplitude adjustnment section 15 based
upon the detection value so that the output voltage
val ue or voltage command value of the inverter 4 does
not exceed the predeterm ned value. Referring to the
wavef orm of each section illustrated in Figs. 2(02(D

thedmetorn it i on is made further. Fig. 2(A) illustrates an
axial torque of a 1-cylinder conpressor, Fig. 2(B)

The |duﬁ@nemaiaégr 48b differcatiatpe the ahgularpeedwioas to dedculate the

is driven with an average torque, Fig. 2(C
ang E@@? exafih angul ar acceleratlon of the notor, and
a out ut t or ue

| The o fipdisntal §f%tvrfalt°§1%@apﬁp CRachon BE A pawds the
funidindfihl SOV komBshant BRAAE ity R ?f%?f%ﬁng@e?%‘am’ an
ané‘tﬂér %cE@l@f‘aﬂ\ﬁ? rfalﬂﬁ)ngﬁh@ng t#@q%k §5HE§ CHhﬁﬁtoﬁnantor

section 15 1s etermne ite.

rot#Hbspesd disi dstRadtiotl Naid @1y af 3BCtRO batsut bﬁftﬁé mdamental
dashed lines of Figs. 2(A) and 2(D)}, and when the

waexi aimpareqite eafrachenc septiessdd indegr gheeload hdmrigee of the
average torque, the notor is decelerated, on the
comyessr § ihemeehper dxiratation qfethd mogorcofhiesom iangular
mal |.er than,the avera e torque, the mptor _is
| a°°§186%ﬂ1%¢ Fegmtiay §¥HL€eﬁt r%qu tawgmtartha& é@eemt% gotation

spofl 15, S5V HEAALGr PG SR SRS Gioe SRJAMGRGAL wave
coJ\Hﬁﬁ%ﬁgﬁQizaeic%%'ﬂ"s%géé&%ﬁ%”vﬁﬂé? O 1154 %y%eaf%c%' LAY is

twﬂ@ﬁéﬁi%ﬁam&pgﬁm .tal wave corrpongnt of the

speed varl ation can reduced by varyi ng the out put

The aifpktwle Hdgustimdmy sem@@vm saﬁpnﬁe§ Cthd (finfeERACA] tWave
t he tundanental wave conponent of the angul ar

-compoaehe ofithe anghenaddateratiphi Andl euspiithi theerhplifitation result.
cancel ing the fundanental wave conponent of the speed
In theramplitndé adjustrosnt sention f1dy, a gain 1s determined to be infinite
by typically integrating the amplitude of the fundamental wave component |
or the like. And, the gain is lowered by carrying out processing such that a
constant proportional value is removed from the integration value, for
example, in response fo the supplying of the adjustment command.
- The peak voltage control section 18 detects the peak -vbltage of the voltage
coinmand, and outputs the adjustment command instructing the amplitude
adjustment section 15 to suppress the amplitude when the peak voltage
possibly exceed the previously determined value which is determined with
respect to the maximum output voltage or maximum modulation rate of the
inverter (specifically, when the peak voltage exceed a value which is slightly
smaller than this previously defermined value, for example).

Instead the peak voltage control section 18, a device can be employed which
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not or output torque, as illustrated by the dashed Iine
in Fig. 2(D), the fundanental wave conponent of the
angul ar acceleration still remains. Therefore, the
adjustnment is carried out in the anplitude adj ustnent
section 20 so as to output greater anplitude.
Consequently, the apparatus becones stable with the
anpl i tude whi ch nakes the fundanmental wave conponent

detetts thecowtpay valtage sahey at velbaidchfnthndvalnewtahetifGerter 4,
phase of the output torque and the phase of the

andsgpphes the adjwtatend corrmasd itgthe yamsplitddedadyustment section
anot her due to sonme delay, the fundanmental wave
15 b@msbmw the dete@tlangml’a@ sathel treoutpvtivoltage ef@iwmdmltage
to the.resi g]g torq betvveen thg go gssor axj
comngandyalyg of fae Htegtet 4 degsirot ercgad b HETRIRe 811 ue.

RefeBrifinionehe TareBhmeot phe P%ﬁﬁﬁﬁeﬁf%‘%r%”ﬁ ot S g2,
desflphPR, 1 I AR U] ) SRRSREAY 57 e g of o
1 cﬂﬁidétdo%‘pféégmb Fig ABY ﬂ@ust&‘éte@ﬂar?b!ﬁéu%%b@& of a motor when

therefore vibration can effectively be réeduced.. In
theanbiadi igrltiver! whtlganlavetfige torqdiarBig.ad(Q)alassabaone lafngular

is overlapped to the current command. It is possible

acceleratioh off thedmvbot, sindvllie 2@nihrstrdtes sa dnoter tdutput torque
over | apped_to the voltage command for the control

whem the gontrol of g 1demarned dwcaldndhese Kengs thailorizegtal
m%é‘ednréé‘%@'ééfqyéﬁga%ﬁxge Apectianiol anieh of thorraser | \aesepigtion
is n}ab(fe E%néj g%e nt r NE gﬁglnggﬂ;te nt pﬁ%ﬁer lcﬁﬁg%g?ﬁtgﬁ?tg 101 15 is
det%%gf{frg?ﬂ 'l%bnfd]ﬁu't terior thereof. Wen using this

e control delay and the like are hardly

Whlélfé ftrﬁgglﬁgtorbi%ccﬂ‘ﬁ@n QALY thé %vfek’é‘%@ﬁ?x‘&ﬁé' {ré‘ﬁ‘f%oqﬂi'@h@ﬂq{kt.es of
uced. Therefore, nore abl e control can
Flgs ezﬂq) zed 2(D% oamwmntHeOaﬁlan@@t ¢ﬁﬂhérbdmp1ters@d>r fsrgﬂéater
than the average torque, the motor is decelerated, on the contrary when the
axial torque of the compressor is smaller than the average torque, the motor
is accelerated. Consequenﬂy, the angular acceleration will schematically be
in the form which is reversed in up and down of the compression torque, and
the fundamental wave component of the angular acceleration will be in the
- form illustrated in Fig. 2(C). Therefore, the fundamental wave component
of the speed variation can be reduced by varying the output torque of the
motor in reversed p.hase with respect to the fundamental wave component of
the angular acceleration. When the amplitude sufficient for canceling the
fundamental wave component of the speed variation is not obtained for the
motor cutput torque, as illustrated by the dashed line in Fig. 2(D), the
| fundamental wave component of the angular acceleration still remains.

Therefore, the adjustment is carried out in the amplitude adjustment section
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I A9' 11) and the |ike which are known fromthe past.
When a conpressor and the like are to be driven,
sufficient vibration suppression effect is obtained
by only the reduction of the fundanental wave
conponent. In the above description, only fundanental
wave conmponent is the target of the control. But, it
is apparent that the higher-order such as second-order

so 8f tangitpat garestirenmpliond« onPenaitiuenslyexthe appadatus becomes
addition to the 21 fundanental wave conponent, and

stableewithrithecdmplitude which matkesdhe fanderiengal whee comgponent of
variation. _In this case, disadvantages arises in that
theiangudanaecsleraiondiodee @onpl i cated, and that the
of diyergence is raised

EV%:%?%% thé tsecatlt CHAIH f%:qiug T:laci the P RRrecok ey pogular
i s . PR

codlSERSR e, Wity R IFOR ORG Aithe AE' cohpiER dslap the
funfBESRA GAlve WRfHHAR Y HHE Al Aldeleabion RYUGEMH R 0

the Ofesid\@ala fdtlgule UBSLvAGnU $héRBIn @640 Bxild tdi'QPe bend aher e@dtor

by the adjustnment command fromthe peak voltage
outpatitéreue, 38dt ihencokirsastdaaiicdhsutf fordanmealiag thafandamental

conponent of the angular acceleration does not becone
wa® chotponientr otBhareforepdébe fumrd sanéentalcwavbecomppnenis of dthe

within the voltage possible to be output fromthe
angulyraqcgterationTingpatrotled toe Orfingllss can be driven

The hendneats Vamradmiesscl fie e TAMGHT g be Teduced
.volt ' | at i .of . t-he | t
usifff 5P forliol R0l BiFyBbn ARp Rt ARl 26, am
In thelddShdd i T‘ig?(ﬂrﬂﬂleguﬁﬁah{b%tﬁpﬁﬂaﬂrb Q:Bmga%tn@ﬁf idbverlapped
sect 1 on. € pos ti'on detection section onprises a

to thd Sdure&nt ophiRBndeCtIt0Rs Poskiblei ¢hat ARl ¥eAddmental wave
detection voltages for three-phases and converts them

 comipohenv db tdeesly ovetluppedadethe fokagerdnnaandrfhirothe control
section 122 which receives

~having no current control, because the slight shifting and the like can be_
ignored by the feedback control as is described above. It is of course
effective that the fundamental wave component is overlapped to the torque
command for the control having the torque command in the interior thereof.
When using this control, the control delay and the like are hardly affected
because only the fundamental wave component is reduced. Therefore, more
| stéble control can be realized in comparison to the repetition control (# ¥ iR
L##) and the like which are known from the past. When a compressor
and the like are to be driven, sufficient vibration suppression effect is
obtained by only the reduction of the fundamental wave component.

In the above dgscription, only fundamental wave componeﬁt is the target of

the control. But, it is apparent that the higher-order such as second-order

of angular acceleration component is extracted in addition to the
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the detection currents for three-phases and converts
theminto currents for two-phases, a voltage drop
cal cul ation section 123 for calculating a voltage
drop due to winding resistance R, a first subtraction
section 124 for subtracting the cal cul ated voltage
drop fromthe voltages for two-phases, an integration
section 125 for integrating the subtraction result by
funidaenenitab wave Ui peridia) asdCtheoBordtz4l isacddried oat dot hh@ling
section 126 for calculating flux due to g-axis
thei todges zaviation, Angdiopase ubsadetntegeseariseéoin 1Bat the control
subtracting the calculated flux fromthe integration

becpé@@lwmxﬂmmfbra%ishat ke passibilityi ofrlivexgemiceis ragsetp whil

the GeFA ot b @éehs?wéloéﬁe@%%{ﬁaﬁ%@%{a? SaguRsion r?ﬁerre‘i‘m it is
i 129

reaflsf, (B BiebdE oE6t sORmbaanh ok sefftedh yfth “Usidy b¥iihe

obj Q8T flﬁerbo‘iill%fcﬁq}g'sgg %%ﬁtﬂh%r%rgé% Pﬁ%@% BEE rgﬁﬂrbg léf)@f:ﬂi‘agtmn

can

In ﬂhbléfﬁsdcaiﬂe@ﬂ oam%t PrtheQWHih OF tBY ﬁﬁ:[;ﬁituae% g&ét%éiﬁrsectlon 15
enbodi nent according to the present invention hi s

cannind towaredtlyo the pistimentdedrhaiandl from the prakovoltagd catrol
apparatus of Fig. 1 only in that a current detection

sectdert 1®nsd 1hattothel efunnddmentale wavpucomponent obfthehangular
inverter 4 is enployed instead the current detection
accelegatioh dops, nc&nhecqmgtO,a w the xofiatientsneedt variationt ¢amh be

cunbgeFb B v i o e@m&wgl& S berier 4.
AR B, il 7604 B SRt e ARl et ehe
disatRlal rggél{ FRAt ?ﬁ%bbﬁﬁg&%o mh) Sopﬂigje‘ﬁd%%re%tax%u&ﬂ‘ Butput

I nvert 'ows™=I n Ine arro

volteligé &t hidimhiny Sahbéh%hdl{‘ ritd of 4ht piﬂ#%rﬁéfr 58 that | 19WSontrol
but the current may flow in the dashed |ine arrow

divadgesction (mnus current flows) when the power factor
~of the nmotor 5 is |ower, or when the torque variation
Fig.adusimt blokktdiegram illustrating an example of the position detection

section. The position detection section comprises a first conversion section
- 121 which receives the detection voltages for three-phases and converts them
into voltages for two-phases, a second conversion section 122 which receives

the detection currents for three-phases and converts them into currents for

. two-phases, a voltage drop calculation section 123 for calculating a voltage

drop due to winding resistance R, a first subtraction section 124 for
subtracting the calculated voltage drop from the voltages for two-phases, an
integration section 125 for integrating the subtraction result by the first
subtraction section 124, a flux calculation section 126 for calculating flux due
to g-axis inductance Lg, a second subtraction section 127 for subtracting the
_calculated flux from the integration result, a rotor pdsition calculation

section 128 for calculating the rotor position from the subtraction result by
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notor 5 is greater. Therefore, the current detection

section |l c should be detectable not only the plus

current but also the mnus current. \Wen the

detection extent for plus current and the detection

extent for mnus current are determned to be simlar

to one another, the detection extent for m nus

current becones wi der than the necessity so that the
thedsdcond | subtagativmepctibr CIAE sand ras diffEhentilktion sbétien i 129ofor
__consideration, the detection extent can be nmade to be :
diffarentateng te rdtar posisiocdeseas toealoulate dhy avgnldrespeed.

i nproved, by making the detection extent for mnus
A P@%Elpérﬂet?@%%mlq avipgotaer eenfigration ean be smpiexe.

e Tl B A AR b G
' i t [ [ t hat

et WebdiRing o HSbropl (PRI 200 01 be” detected

Thik %tﬁ?@&ﬂt?l})/l Qﬁaﬁ/ﬂagﬁ§ difed 8 tHRWRStor c§f1%§ aPParatllzs Oif g‘ig.
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adj ustment section 15 carries out processi ng ror
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factemofrtle mathe 5 ignlbavemm oalwhety ¢he doppreemariationhamangbofithe

accel eration t% be 0. . .
motor b is greater. Therefore, the current detection section 1lc should be

-

detectable not only the plus current but also the minus current. When the
detection extent for plus current and the detection extent for minus current
are determined to be similar to one another, the detection extent for minus
current becomes wider than the necessity so that the detection accuracy
becomes worse. By taking this into consideration, the detection extent can
be made to be narrower so that the detection accuracy can be improved, by
making the detection extent for minus current narrower than the detection
‘extent for plus current. When the torque variation amount is greater, the
input current deviates the detection extent for minus current so that a
_disadvantage arises in that a situation where the input current cannot be

detected, the control diverges, and the motor 5 stops. Accordingly, a minus
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Therefore, the fundanental wave conponent of the
angul ar accel eration does not becone 0. But, the
rotation speed variation can be suppressed wthin the
extent where the current can be detected, so that the
notor 5 can be driven and the current detection
accuracy can be inproved w thout divergence of the
control due to the current deviating the current
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Therefore, the fundamental wave conmponent of the

doeanmt! bécoam:el edaiti ¢he rotation speed variation can be suppressed
within the extent where the current can be detected, so that the motor 5 can
. be driven and the current detection accuracy can be improved without
divergence of the control due to the current deviating the current detection
extenf so asto result the motor to be stopped which is generated in the past.
Fig. b is a block diagram illustrating a motor control apparatus of a further
embodiment according to the present invention.

This motor control apparatus is different from the motor control apparatus of
Fig. 1 only in that the peak voltage control section 18 is omitted and a load
torque estimation section 20 is provided.

This load torque estimation section 20 receives the average current
command, for example, and estimates the load torque. The load torque

estimation section 20 supplies a command to the amplitude adjustment_‘ :

section 15, the command instructing to make the amplitude to be 0, in
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does not beconme 0. But, no problemarise for vibration
and the efficiency is inproved because the load is
light. Especially, for a case where the speed is |ow,
the affection is nade due to the dead tine, the
‘current control, sensor-|less position detection and
the |i ke beconme unstable when the torque variation is
greater. But, the stability of the current contro
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this command, the anplitude adjustnment section 15
positim deteciooih apdd;heslﬂim@ari be ilnpsevédby detergaining the output of
the amplitude adjustment section 15 to be 0.

Fig. 6 is a block diagram illustrating a motor control apparatus of a further
embodiment according to the present invention.

This motor control apparatus is different from the motor control apparatus of
Fig. 1 in that a converter (voltage boost circuitry) 7 is provided between the
rectification circuifry 2 and the smoothing condenser 8, that a direct current
voltage detection section 11d for detecting the voltage of the direct current
section of the inverter 4 is further provided, and that a direct current voltage
control section 21 is further provided which receives the output of the peak
voltage control section 18 and the output of the direct current voltage

detection section 11d and cutputs a control command for the converter 7.

When this embodiment is employed, as is similar to the embodiment of Fig. 1,
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by renoving a constant proportional value fromthe
integration value or the |1like, the anplitude
adj ust ment section 15 having realized the gain of
infinity (7?) using integration or the like so as to
make t he fundanental wave conponent of the angul ar
acceleration to be 0. Therefore, the fundanental wave
conmponent of the angul ar accel erati on does not becone
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e peak voltage is going to exceed a val ue
thaP ERY nestdl 5 AR am@ﬁ Ahd Bhé QeRRSHt B6tdction®eckady can be
out put vol tage or nmaxi mum
improved without divergence of the control due to the exceeding of the

voltage command over the maximum output voltage or maximum
modulation rate of the inverter which is generated in the past.

‘Even when the direct current voltage controlled by the direct current voltage
control seci;ion 21 is lower than a voltage required for sufficiently
suppressing the rotation speed variation, the motor 5 can be driven without
- problems. When the direct current voltage can sufficiently raised, and
under a condition that the control response of the direct current control is
~ slow so that the direct current voltage is short temporarily, the motor 5 can
be driven without problems. Therefore, the direct current voltage can freely
be determined based upon various factors such as vibration, efficiency which
are the target of the control.

- The following control can be carried out. At the peak voltage control section
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nodul ation rate of the inverter 4, while the command
for lowering the direct current voltage when the peak
voltage is not going to exceed a value previously
determined with respect to the nmaxi num out put vol tage
or maxi mum nodul ation rate of the inverter 4. Upon
recei pt of the command, the direct current voltage is
controlled at the direct current voltage control _
18 Sie! pek ¢dltage B8 the voltege doRfmehASsidetbéte@Nthy ebindgend for
to proximate of the limt, consequently the rotation
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detpuamede Witk mspest teuthe fnayignemgeuirut Jpltager ax pnapimum
f. the dead ine to the nsor -1 ess itjon . .
mofulad 1 46 4he dRvee? DoRbigitie shagaabgder loftsipe the direct
a e sa. W dt f J4.n ter d
curfifi2oftabe wBEh Pad ufph PHhES OMELBIE IR BBl R vatve
IR BRI &G0 e AN 3 0HaF | thePlp SOUSA BABRLO VS
I)ret hatS t hey can be%lhnpl eeﬁgﬁ(tzﬂe 0by esgl?twar e. §7ﬁ\§7jwat Igge or

mafindafitfolifilation fatedfGhe GAPEFET 4TEUNRSA fei thelcbhfifand,
a voltage or .current applied to a notor froman

thei divent tetrrextt weltage fippiesled at shée alire emretsr valtagencaftrol
the notor which drives periodic |oad, the nethod o

sectiomBdisoi aryta lewert thesdinéct awrentt voltagmtoprorimage of dge limit,
val ue or command val ue, of the inverter, and .
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torque so as to suppress rotation speed variation

timb Nfo FREOBeN¥r<lBsSlr podfioRCHeRLtion! @ad. cubfertetbRttol can be
conpri si ng _

decreased because the pulse width of the inverter can be made wider.

- Bach of the embodiments is described as being implemented by hardware.

It is of course possible that they can be implemented by software.
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the steps of: detecting an output voltage val ue or
command val ue of the inverter, and controlling a
vol tage or current of the inverter based upon the
detection value so that the output voltage val ue or
conmand val ue of the inverter does not exceed a
predet erm ned val ue, taking precedence over

v@g‘mrg Si 05 of rotation speed variation. 3. A notor
YHIAMEEASd as set forth in claim1 or claim 2,

wherein the detection value is a peak value of the
out put voltage value of the inverter or the command

1. v Hidtor‘confrolRiefodCRR b RtrolMBE RO IaBE of Qllgltré@abbﬁgd fha

vol tage or current applied to a notor from an
motorfrotrean fnverteiagoyastg soppiess rothtper speed qudatéen abthieanotor
suppress rotation speed variation of the notor which

whieh devesieariasis toarlothe mathed rempugingdhpetens oy  t he steps
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controlling a voltage or current applied to a notor
exteaha predefeymidedrvabie. as t o suppress rotati on speed
variation of the notor which drives periodic |oad,
2. t Remetarvestrebmgtiodifagcemteolling pyoliage deeweent agpked to a
urrent of the inverter usi nwrrent det ecti on neans
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theCddls’¢ft met hod for controlling a voltage or current
applied to a notor froman inverter for varying notor

detecting ah outpue vehagsvdlee stpphasadvahridfahe iriReeer and
vari ation of the notor which drives periodic |oad, the
conirpldinng cormdiags iongurrent of the inverter based upon the detection value so
that the output voltage value or command value of the inverter does not exceed a
predetermined value, taking precedence over suppression of rotation speed
variation.
3. A motor control method as set forth in claim 1 or claim 2, wherein the
detection value is a peak value of the output voltage value of the inverter or
the command value.
4. A motor control method for controlling a voltage or current applied to a
motor from an inverter for varying motor output torque so as to suppress rotation
~ speed variation of the motor which drives periodic load, the method comprising
the steps of:

decreasing an amplitude of an output torque variation of the motor, and

controlling a voltage or current of the inverter so that the output voltage
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the steps of: detecting a current of the inverter
using current detection neans for driving the notor,
and controlling a voltage or current of the inverter
based upon the current detection value so as not to
exceed the current detection extent, for driving the
nmotor. 7. A notor control nmethod for controlling a
vol tage or current applied to a notor from an
inverter for varying notor output torque so as to
suppress rotation speed variation of the notor which
value ve sometanddiatud efatle investemdtéonbieaopsd $predetehnenesit wihse,
of . decreasing an anplitude of an output torque

3. vk meterogengo! meghatbios contgalding sovaltage or agrrentappliad éo ar
current of the inverter so as nhot to,exceed tP
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current detection neans, a whereln the voltage or

aatroling ofoltige ommerdme lofitbe dnritepbhsed Wontthaicuirbst detadtion
value of the input current of the inverter in
vakagysn as/RotdD gaceidldbe nutrertxdnteationtaxtensr edet er ni ned
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therstémtafon speed variation of the notor in
correspondence with the |oad being smaller than a

dstesting @rqurreat of theuiaverter using current detection means for driving the
motor, and

controlling a voltage or current of the inverter based upon the current detection
value so as not to exceed the current detection extent, for driving the motor.
7. A motor control method for controlling a voltage or current applied to a
motor from an inverter for varying motor output torque so as to suppress rotation
speed variation of the motor which drives periodic load, the method comprising
the steps of:

decreasing an amplitude of an output torque variation of the motor, and
controlling a voltage or current of the inverter so as not to exceed the current
detection extent.
8. A motor control method as set forth in one of claims 5-7, wherein the

output current of the inverter is indirectly detected by detecting an input current of

the inverter using the current detection means, and
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10. A notor control nmethod as set forth in claim?9,
wherein the load is detected or estimted by neans of
an average current. 11. A notor control nethod for
controlling a voltage or current applied to a notor
froman inverter for varying notor output torque so as
to suppress rotation speed variation of the notor

whi ch drives periodic | oad, wherein a converter
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current of the inverter based upon the detection val ue
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ue. »13. A notor control apparatus for controlling a
thé%hpgé)g. or current applied to a notor from an

R, ess rotation speed variation of
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10y o085 confsol methast assiet fureh innelainy 8 whewsin thsrvadis detected

val u the inverter does not exceed a predeterm ned
°f$§}11}§t?8§?x.m%%’?&“aestﬁgFéﬁm&Bbar atus for controlling a

| | j f )
1Y ol BN RREL e By ATl o

QRS LA OF PRGSO R 8 Tt
speed variation of the motor which drives periodic load, wherein a converter is
~provided which can control a direct current voltage supplied to the ini/erter, the
method comprising the steps of:

detecting an output voltage value or command value of the inverter, and

controlling the VbItage or current of the inverter based upon the

detection value so that the output voltage value or command value of the

inverter does not exceed the predetermined value.

12. A motor control method as set forth in claim 11, wherein the direct

current voltage supplied to the inverter is controlled based upon the detection
value. |

13. A motor control apparatus for controlling a voltage or current applied to

a motor from an inverter so as {0 suppress rotation speed variation of the motor

which drives periodic load, the apparatus comprising:
detection means for detecting an output voltage value or command
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detection neans for detecting an output voltage val ue
or conmmand val ue of the inverter, and inverter

control nmeans for controlling a voltage or current of
the inverter based wupon the detection value so that

t he out put vol tage val ue or command val ue of the
inverter does not exceed a predeterm ned val ue, taking
precedence over suppression of rotation speed

valae bfitHednveridy, afd not or control apparatus as set forth
inclaim13 or claim 14, wherein the detection value
gerenekio) shasas dor eomdradling atvoltepe ayeunrantuaf the invester based
i nverter or th co nd val ue. 16. A notor contrql
“%%bg'ﬁa%s%ctmr"@j%tssa ngI‘Hti tﬂs ORI | odlgee galueupy @mn@ﬁgmz@-@ of
inverter for .varying notor output
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maiot froin droimerergerviat ivaityignmotorldigpurabRfue soaldo sippedsabtation
- control neans for controlling a voltage or current of
speddevariatien € thesmotdrarhich deveaperiadic Wadathe apphéusoromprising:
c%ommnd val ye 8f the inverter does not exceed a
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in é}ﬂ:trréﬂd ing a voltage or current applied to a notor
roman inverter so as to suppress rotation speed
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t he apparatus conprising: curre tection neans
updetiectetogicn alue enthadthd haputnudfabe valurndt dormesidEvalue of the
_control neans for controlling a voltage or current of
inyayter does ot becsed aperedeermingd evalueletaking oprecedanee sover

as not tg exceed tae .current detection extent. 18. A
SURRJEEHOR BhEQIROLRSSF ¥ATH9r control 1ing a vol tage or

15 YA H0for 2 Rtlrc')leadpptagatl?s as set forth in claim 13 or claim 14, wherein the

detection value is a peak value of the output voltage value of the inverter or the
command value.
16. A motor control apparatus for controlling a voltage or current applied to a
motor from an inverter for varying motor output torque so as to suppress rotation
speed variation of the motor which drives periodic load, the-apparatus comprising:
means for decreasing an amplitade of an output torque variation of the motor,
and
inverter control means for controlling a voltage or current of the inverter so that
the output voltage value or command value of the inverter does not exceed a
predetermined value.
17. A motor control apparatus for controlling a voltage or current applied to a

motor from an inverter so as to suppress rotation speed variation of
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notor froman inverter for varying notor output torque
SO as to suppress rotation speed variation of the

not or which drives periodic |oad, the apparatus
conprising: current detection neans for detecting an

I nput current or output current of the inverter, for
driving the notor, and inverter control neans for
controlling a voltage or current of the inverter based
theRRGtok Rei e eal pedRHRCOhO Y 3ppeafl cdfpiRing: GuR¥seRAection
the current detection extent, for driving the notor.
ri€ansAondetectinpa tumentadplhe atvestef, and dovdrten cbntngl means for
voltage or current applied to a notor from an

g
qontreting a voltageryuAgnefithe out put torque so as to
r ot at.i varigtion of the no whi ch
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ingpRGUEEL PP e el SR pilhe Soied ot hedhe "neans
chfg’ntggﬁﬁgﬁkﬂtgﬁ@n anpl i tude of an out put torque

variation o e notor, and inverter control neans

18f oA eettricdhtroNgpparated freen@bllig 4 esltagelorichfehiiplieno a
S0 as not to exceed the current detection extent. 20.

motomibomranciomenter foapayimng mstaousmit tomue o ian toseppoéss rotation
clains 17-19, wherein the current detection neans

spaedaiapiation pf the metos wlieh duvenpertagie oad, e apperatuscomuaising:
b det ti t he . t At f the i { , d
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e ok vl b RO ERRL 2T 00 L Tar | nonbgative i do

ifeeRr ROAtréXFRek for RORESHRIEM PEHagaburrdd of the fhvieP based

control apparatus for controlling a voltage or current
upaphe edrrent detectivnoralde soraanot tverdeed tiocurvart ydetagtionteatent,

output torque so as to suppress rotation speed
foxdriyingithpmeton he ot or which drives periodic |oad, the

19.3 e RSBt SoBFOEAAERHAT f05 SPaalin oy ¢1Fge OF Enrreahrinpbed to 2
o 38 883 PRESRRL Ak S RSB s ot
speel®atigfiod BRthednotor which drives periodic load, the apparatus comprising:
means for decreasing an amplitude of an output torque variation of the motor,
and
inverter control means for controlling a voltage or current of the inverter so as
not to exceed the current detection extent.
20. A motor control apparatus as set forth in one of claims 17-19, wherein the
current detection means indirectly detects the output current of the inverter by
detecting the input current of the inverter, and wherein the inverter control means

controls a voltage or current of the inverter so that the peak value of the input

current of the inverter in negative side does not exceed a predetermined value.
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predeterm ned val ue. 22. A notor control apparatus as
set forth in claim?21, wherein the |load detection
nmeans detects or estimates |oad by neans of an average
current. 23. A notor control apparatus for controlling
a voltage or current applied to a notor from an
inverter for varying notor output torque so as to
suppress rotation speed variation of the notor which
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whi ch can control a direct current voltage supplied to

mathefronvar inwertert foe vagppanmatersowtpiiorgic g :as de segiressrotation
means, for detecting an output voltage val ue or command
speesl Yasiagipnof ghe matasrwlieh daives perledie kadeBistappRratiseemprising:
cont.rollLing a voltage.or current of the inverter based
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the RRAbRIntHrRSpSRlent@Gith the 10h&bBIng3mallef fHagra conmpri si ng
direct current voltage control neans for controlling

prederiiined valaar r ent vol tage supplied to the inverter
based upon the detection val ue. 33
A motor control apparatus as set forth in claim 21, wherein the load
detection means detects or estimates load by means of an average current.
23. A motor control apparatus for controlling a voltage or current applied to a
motor from an inverter for varying motor output torque so as to suppress rotation
speed variation of the motor which drives periodic load, wherein a converter is
provided which can control a direct current voltage supplied to the inverter, the
apparatus comprising:
detection means for detecting an output voltage value or command value of the
inverter, and
inverter control means for controlling a voltage or current of the inverter based
upon the detection value so that the output voltage value or command value of the
mverter does not exceed a predetermined value.
24. A motor control apparatus as set forth in claim 23, further comprising direct

current voltage control means for controlling the direct current voltage supplied to

the inverter based upon the detection value.
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