1 October 2004 An Apparatus for Detecting a Step-Qut in a S
Motor, a Method for Detecting the Step-Qut in the Synchron%)lllrpé&{egéf}(?lré,§4 a
Drive of a Closed Conpressor, and a Drive of a Fan Mdtor Background of the
| nvention Fi el]_g{lof the Invention This invention relates to an apparatus and
a nethod for SPRRtuS 108 Detecking 4 Siep-Qut kymEymdnosems Motar, synchr onous
notor for drivi ghe synchronous notor w thout using a positioning sensor
for detecting %R/g% P@f@nﬁe@ﬁﬁagn‘»b@ Gtep-Oet oy ithetSyonhedndl3iRpkat ed Art Fig. 9
illustrates a configuration of a general inverter apparatus according to
the rel ated ar# Drive dfiagCloged odipressor,candr ent power supply unit 1, an

I nverter apparatus 2, a plurality of switching devices 3, a U phase upper

swi t chi ng devia®rBe, ofa Faphiger upper switching device 3b, a Wphase upper
swi t ching device 3c, a U phase |ower switching device 3d, a V -phase | ower

sw t chi ng deviBeackpeoud ¥¥ s ch@Mer swi tching device 3f, a plurality of

fl ywheel diodes 4 connected in parallel to the plurality of sw tching
devices 3, an inverter main circuit 5 including the plurality of swtching
devices 3 and the plurality of flywheel diodes 4, and a direct current

brushl ess  mOtEEIPoBhE b bidist rated. A current detector 7a detects a phase
current in one phaose an%k%ﬁt%&a Cct ober 2004 currents supplied to the direct

current. brushl €55 MEAGL&fenfi f S 1% 5 Heattd and a mothod for dtocing o

step-out (out-of-synchronism) in a synchronous motor for driving the

synchronous motor without using a positioning sensor for detecting a position

of a rotor.

Deséription of the Related Art
Fig. 9 illustrates a configuration of a general inverter apparatus
according to the related art. In Fig. 9, a divect current power supply unit 1, an
inverter apparatus 2, a plurality of switching devices 8, a U-ﬁhase upper
switching device 3a, a V-phase upper switching device 8b, a W-phase upper
switching device 8¢, a U-phase lowgr switching device 3d, a V-phase lower
switching devic‘:e. 3e, a W-phase lower .switchjng device 3f, a plurality of
- flywheel diodes 4 connected_ in parallel to the plurality of switching devices 3,
an inverter main circuit 5 including the plurality of switching devices 3 and the
plurality of flywheel diodes 4, and a direct current brushless motor 6 are
illustrated. |

" A current detector 7a detects a phase current in one phase among



detects a phase current in another phase which is different ,f t hase
detected by the current detector 7a, and an inverter controlll(éﬁméer?@g?rol S
ON/ OFF of the switching devices 3 in the inverter main circuit 5 based
on phase current values detected by the current detectors 7a and 7b. A PWM
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controlling ON/ OFF of the switching devices 3 based on aou

command val ues debdcas mephige édl@exﬁﬂ”'ﬁ?’éﬁ@ﬂhe?%taﬁg!“hﬁ@hgsegf%%ggggrhﬁggac rrent

cal cul ator 10 cal cul ates phase current values in S€t he
phase current \datdeesd b thaeuRRASQ t by the current_ detectors 7a
and 7b. A 3-phase to Z?phase convgﬁe?]g)ﬁrei%lgg% Py erieheonirolles & emvteals GNiI/ues
in three phaseg)mbiai thesphase, cuprent cal culator to current val ues
in a d-q coordinate S%%Xhé%dd%mvgﬁ% CCENYREIRE Main sircyd & biasedon bhase
obtains outpu C Ld,,values in the d-q coordinate systemfor
driving the d%‘rﬂe&%ﬁggﬁlregﬁtenp%mﬁsm %C%?Iﬁrd%%@@@q?mﬂnd@b.current val ues in
the d-q coordinate system obtai ned by the 3-phase to 2-phase converter 11.
An out put voltage vector calculator 13 obtains an output voltage vector

based on the out put | t age _command values in the d-q coordi nate system
obt ai ned by the VOI%§SM&’N%WI@@IMQC1@1&I®H) sitoal deder@od 9 el A8 2 PUFRENT
voltage detector 14 detects a direct current voltage of the direct current
pover supply uffignal forsgpntealling P NehOFBesfetiteoswitbhidgt®eices AN HY&! SHro%t%ﬁSt
state of a phase current. Wth reference to Fig. 9, an operation in e

i nverter appar ¥tlikgeapainmhad wiluesobtainsd® i the UHEESS oMb CONLL gur ed_as
stated above is explained. 2 1 Cctober 2004 As iIIus%ratéeﬁderi% %“3.3 Bhasq,

':: Brer Lm/gr It ﬁr t mﬁiﬁcfﬁgﬁﬁ ﬁaéélgﬁggs éﬂﬁ@é BeirRhBviR eS80 tHiRe %%taggs:[ ba&sbaa o%has €
the phase current values in two phases detected by the current detectors 7a
and 7b. A 3-phase to 2-phase converter 11 converts the phase current values

in three phases obtained by the phase current calculator to currént values in a
d-q coordinate system, and a voltage commal;d value calculator 12 obtaing
output voltage command values in the d-¢ coordinate system for driving the |
direct current brushless motof based on the current values in the d-q
co‘urdinate system obtained by the 3~15hase to 2-phase converter 11. An output
veltage vector calculator 13 obtains an output voltage vector based on the
output voltage command values in the d-q coordinate system obtained by the
voltage command value calculator 12, and a direct current voltage detector 14

detects a direct current voltage of the direct current power supply unit 1. An

overcurrent detector 70 detects an overcurrent state of a phase current,

With reference to Fig. 9, an operation in the inverter apparatus and the

direct current brushless motor configured as stated above is explained.



currents supplied to the direct current brushless notor 6. FW?&#@%%bbﬁr

controller 8 cal cul ates output voltage conmand val ues, e.g., voltage val ue,

vol t age phase, etc. output by the inverter main circuit 5 for driving the
L

n
direct current brusghl dbstratdrinérhasedidnht e veRbERARRASS GHET QLS4 N
two phases, e.g., U-phase current lu and V-phase current 1v, and " 6U ptuts

the PWM si gnaldeté@brsCcPNbA@ 17 Qeddhb pgﬁge Qhrrb R i V\f%vs?ogjﬁhrl]ﬁ%‘s%gda‘e%vé}gg? 3p1‘ilanset he

inverter main circuit 5. The PWM si gn I S out pu

controller 8 - 1.LRe, p €y rent cal culator 10 cal cul ates phase
currents lu, %\?r iéa}lgg%p?%ﬁ Ech?lgez dﬁﬁe;égecglrﬁeél e%ruﬁhﬁfsﬁemﬁg%sg curee Hreertar and
| v detected by g ent et eciors and 7b, and_the 3-phase to 2-phase
converter convcgbﬂg)nfg #egr Bﬂﬁg]@(gescﬁ}“ﬁpé'rjft ‘é‘ﬁ%@e ?W‘}méﬂg Values; &6+ awligbasedue,o
currents Id and,;lq in the d-q coprdjnate system The voltage command val ue
cal cul ator 12 Vc?éﬁagﬁlpz?ﬁ% eth AYant 8&@%5&"9@%@?\@ Gaquit§ foxldriaimg ¥ divectt he
d-q coordinate system based on the currents Id and Iq in the d-q

coor di nat e sy@éﬁnt%ﬁésﬂe’éwtor\ﬁ)b@@é@m‘é@t@tecﬂim phhst onrdidtsdalied!paess,

out put voltage vector Vx* based on the output voltage command val ues Vd*
and Vg* in thé-8- §-ersedveans Iyyatdetiphatheumdit $,gmal ogpRes 1eOPMAM signal

cal cul ates the PWM signal for controlling ON I OFF of the sw tching

devi ces 3 basdor amtepltng € / OFFt efthesotitchier Msiscead @i HRCAnvOMet Mgﬁ@&tt
current voltage detector 14 and the output voltage vector Vx*, and outputs
the PWM signals. 3 1 October 2004 The switching devices 3 in the inverter
main circuit 5 are turned ON/ OFF by the PWM si gnal output by the PW
signal generator 9. By an ON/ OFF operation of the sw tching devices 3,
an electric power is supplied from

The PWM signal is output from the inverter controller 8 as follows.
Th_e phase current calculator 10 calculates phase currents Iu, Iv, and Iw in
three phases based on the phase currents ITu and Iv détected by the current
detectors 7a and 7b, and the 3-phase t0l2-phase converter converts the phase
currents Iu, Iv, and Iw in three phases to currents Id and Ig in the d-q
coordinate system. The volt‘ézge cbmmand value calculator 12 calculates
output voltage command values Vd* and Vg* in the d-q coordinate system
based on the currents Id and Ig in the d-q coordinate system. The output
voltage vector calculator 13 calculates output voltage vector Vx* based on the
o_utput voltage command values Vd* and Vg* in the d-q coordinate system.
The PWM signal generator 9 calculates the PWM signal for controlling ON /
OFF of the switching devices 3 based on a direct current voltage Vdc obtained
by the direct current voltage detector 14 and the output voltage vector Vx¥*,

and outputs the PWM signal.



the inverter main circuit 5 to the direct current brushless1 NS g Qnd

_ . . . er 200
the direct current brushless notor 6 is driven. In the inverter apparatus
according to the related art, a step-out is detected in a follow ng

manner. Wien the di Mbetsvitdhigsdebicashhie$Be EIRIeQiEer@n?ﬁF&R%in“are %m%f@{}gﬁe)’ el

of a phase current becones higher than a peak level in a synchro
operation. By @OPRifOHOWIsEGI i Rl St ep-ouft i det ect ed.
For exanple, an ovgfﬁgurrent s%%]t e?'?%rﬁ"t'}% 15gléarsrl%)ar eglgtgggﬁﬁg%a&fré'erﬁy aQaqSﬁe/

wi th an overcyypp I n..the phase current exceeds the overcurrent
level, it is judgerbf?eé‘l‘st%é‘ﬁ"fe’r:%rgm ﬁfé]mtgo@%vﬁce8v§r%&9&‘ﬁ"tc,9%¥ﬁ%r Ishenplied-fromt i s
detected basgc{hon the errar due,t The overcurrent

. the oyercurrent.
detector 70 is contFgtt WQSCIEF%%BM/&E‘@ rech cygrankdirashlags mser 6x anpl theof

an apparatus far detecting the step-out in the synchronous notor according
to the rel at edﬁﬁ‘?cs cpgreyt EE‘F%‘%%‘H‘ mptoy §iadEyen. Unexani ned Publ i shed Pat ent
Application Hei 11 - 18499. In the apparatus for detecting the step-out in
t he synchronous notor disclosed in Japanese Unexam ned Published Patent
Application Hei 11 - 18499, r - 8 axes are set on a rotor in the

control ler for rotafinhednvericesppamtes acedrdivigh yo vhe relatsll art, G flegrRnge 9 e
between r - 8 axes and d-q axes on the rotor is calculated. It discloses

an exanpl e of detentedlimg follotaie nefinelBt Wheh ahe QlitdciRlibfg ¢ YorAZiSs hﬂ;ﬂ&cgd
vol tage and 8 axis induced voltage by using 9 e as a function, whi ch 41

Cct ober 2004 @eepsdutj A pbhle 16ellofX BRascXiralliREHLBIh G, %ﬁﬁéﬁg%;@vekﬁ?her

synchronous notor by conparing two estimated val ues sequen
exanpl e of theyapRhats Spéatiotet Bt hogitshe %Ei%&haﬂ&ﬁwats'@&e WOSRLANRYS
I'n ’

notor according to the related arf iIs disclose apanese
detected. For example, an overcurrent detector 70 compares a phase current
value with an overcurrent level, when the phase current exceeds the .
overcurrent level, it is judged as an error due to an overcurrent, and the step-

out is detected based on the error due to the overcui:rent. The overcurrent

detector 70 is configured as a hardware or a software.

Another example of an apparatus for detecting the step-out in the
synchronous motor according to the related art is disclosed in Japanese
Unexamined Published Patent Application Hei 11 - 18499. In the apparatus
for detecting the step-qut in the synchronous motor disclosed in Japanese
Unexamined Published Patent Application Hei 11 - 18499, 7-6 axes are set
on a rotor in the controller for rotating at an estimated velocity wr, and a
difference @e betweeny -8 axes and d-ﬁ axes on the rotor is calculated, It
discloses an example of providing a state estimator for estimating ¥ axis

induced voltage and & axisinduced voltage by using e as a function, which



Unexam ned Published Patent Application 2001 - 25282. In thqtﬁa:ggé%gi for
detecting the step-out in the synchronous notor disclosed in ag S
Unexam ned Published Patent Application 2001 - 25282, an. exanple of
detecting the step-out by conparing a cycle of a voltage output fromthe

i nverter apparetcuss  thre dracaseiseand datecting ehé sepRpltigdhE QyAISBASHS hBes: by
brushless notor is disclosed. Further, an exanple of detecting the

st ep-out by cmnqamﬁmgtwaodsﬁmiasecpuﬂhgglgemgﬁlguk,s an exciting current
o

component with a step-out detection level is disclosed. Summary of the
I nvention Since the apparatus for detecting the step-out in the synchronous
not or according the related art is configured as stated above, the step-out

was detected based e r st at d J s gifficult to
detect the step out %@Egafgﬁ%féﬁﬁﬁﬁér@pgﬁﬁs%ﬁ Idﬁ%%ngfn&’&r P8t dpethr i on
I's continued ] t I ng out.. the overcgurrent can be caused by the
current incr eaéyg%ﬂg%%@oggoﬁoﬁ %‘8?‘)&'&?& r%?Bft Foadant & dsdesedetuclapeness a
vel ocity, etc...ITherefor ithp s difficult to extract the step-out state
from the over cgp%‘?ﬂmtetd%‘éb.hs ﬁ%@t,*q@hc@%ﬂ@@pie%%%vdhtitls@@phmtusfor
detecting theagvercurr@gt Is a value set based on a demagneti zation

tol erance of g thecgtepopuly pr ther symelironpes wotoectisclosednin ayahbRss
notor or a limi.ting current |level of a device used in 5 1 Cctober 2004 the

i nverter appardeeXimiedr Enblished tPatest digfiflicatibn 200 1set 25283t @t dx@mie Ve
used for detecting the step-out independently. In sone conbination of the

i nverter appardgtesting dhe rtemtonedty comparihg Diepdbl @ss via@E , outh Bt Tk S at

a time of stepping out is lower than the current in a synchronous state.

In such case, lnyenters apppadas blith 4 eydeieatcuihat shppi@tHo a sensorless brushless
motor is disclosed. Further, an example of detecting the step-out by

comparing a d axis current which is an exciting current component with a

step-out defection level is disclosed.

Summary of the Invention

Since the apparatus for detecting the step-out in the synchronous
mptor according the related art is conﬁgured as stated above, the step-out was
detected based on the overcurrent state, and it was difficult to detect the step-
out accurately. Further, even while a syﬁchronous operation is continued
without stepping out, the overcurreqt can be caused by the current increase
due to an increase of a load and an over-reduction of a velocity, etc. Therefore,
it was difficult to extract the step-out state from the overcurrent state.
Further, an overcurrent level used for detecting the overcurrent is & value set
based on a demagnetization tolerance of a magnet used for the rotor of the

direct cuxfrent brushless motor or a imiting current level of a device used in



based on the overcurrent. Wien the step-out state conti nues 8&0%@50?9
above, it causes a problem of vibrations and a noise of the rotor of th
notor. Further, there was even a case in which an apparatus was broken due
to the vibrations of the motor. Further, when the current supplied to the
synchronous ndbeinyestarappadatusheTberafors, & paodifbonlt aseta detoiitanivel @ed
device, etc. used in the inverter apparatus was broken. In the apparatus
for detecti ngftthdetsttipe the step-oulhéndepraiemipus motor  di scl osed in Japanese
Unexam ned Published Patent Application Hei 11-18499, a nechanismfor
estimating an induced voltage of the notor is necessary for detecting the
step-out. Hence, a load of calculating in a mcroconputer, etc. is

i d. Inth - ' QU d I 4
motor i scl osed i naconoy Mol 6l B WAL ReRBRES d dhe e Gieent 1
2001- 25282, WlgsIRbelmBh, i AGHGR! A% ﬁﬁlefogg&%%ﬁ?éo%{‘ﬁgﬁég%ﬁ}qﬂyﬁehﬁg%%tf od

output fromthe 1nverter apparatus w
04, brushl ess. not or. Thet{e ore, when there is

to the sensorlil(g%ss\xéc tobgr 2t0 f
no dif fer ence "DatNaeh F198S FEftEa gt SBCR paseoil Wit 1P ensiklado idalest te steppmtat us
and the cycle o; aﬁhe current sugpl ied to the synchronous notor at a tine
of stepping ofipse .?nf;}%e PYIEESPBY-e to detect the step-out. Further, in a
mechani sm of detecting the step-out by conparing a d axis current which is
an exciting current conmponent with a step-out detection |level, since the
exciting current changes according to a velocity and a condition of a |oad
torque, it is necesYiep the stem-out statpcotinuwetasctated dbeve) it katseseapioblem
operation conditjon, and setting the step-out detection |evel has to be
conpl i cat ed. of vibrations and a noise of the rotor of the motor. Further, there was even a

case in which an apparatus was broken due to the vibrations of the motor.

Further, when the current supplied to the synchronous motor increased, there

was a problem that a semiconductor device, etc. used in the inverter apparatus

was broken.

In the appaiatus for detecting the step-out in the synchronous motor
disclosed in Japanese Unexamined Published Patent Application Hei 11-18 499,
a mechanism for estimating an induced voltage of the motor is necessary for
detecting the step-out. Hence, a load of calculating in a microcomputer, etc. is

increased.

In the apparatus for detecting the step-out in the synchronous motor
disclosed in Japanese Unexamined Published Patent Application 2001-25282,
the step-out is detected by comparing the cycle of the voltage output from the

inverter apparatus With_the cycle of the current supplied to the sensorless



This invention is intended to solve the above stated proble
Particularly, this invention intends to provide the apparatﬁgogﬁgﬂégpﬁ
for detecting the step -out in the synchronous notor accurately in a
simplified operation. Further, this invention also intends to provide a
drive of a cl oseshloaomptesshontishen el 8o ishd BT QILdifho bl lige.
above-stated apparatus for detecting the step -out In the sync F OnoUS

nmotor is packapgad oufadEeH t: f S, lavention. an, apparat us
for detecting gﬁ step-ou?h?%eéﬁgﬁ%hrigno%%&r%{#rh%idﬁ%’n&%@@?f@?‘@ﬁﬁ@r‘%& us
for driving t I 0, .t hout using a positioning sensor for
detecting a p(tgg Fl%iégﬁ?a%? Hg&gfg)trgg&rr %tn%{:vittr?i% %51;888?%9?1‘”?6%’(56&%35 5 t‘ﬂé@'@é’fi ng
a current supplied to.th nchronous nmotor,, a d-q coordi nate converter
for converti ngl]l%gtc? F¥nt ﬁ’s‘f%&lm W%%E‘nkﬁdﬁﬁt‘@ﬁﬁh%ﬁﬁ@d@%@ﬂmmﬁng an
exciting current canponent (g, Xi,S current) .and a torque current conponent
(q axis curreﬁt‘gl,a’ﬂﬁ PN ¥, Fcﬁil‘gm? an exy@percurd cumpayent coth ometiep-out
detector for abt aining alternating current conponents of d- g axes currents
obt ai ned by t Heteglign dexsl.dives heesrifog avrerdriiangest apenting taetveliity ahdra
detecting a step-out by conparing at |east one of alternating current
conponent s of carlitign of axdead darquenibisviechsamrpredet arstémed: dbRptOn! level EWe!
signal. According to another aspect of this invention, an apparatus for
detecting a seafh opérationacomyliiit, ool Setthigothd Bteprovit "UREdtiin 'PeRrBP'I:L%% 4§ KePr
driving the synchronous notor w thout using a positioning sensor for
detecting a pmspli¢atadof a rotor includes a current detector for detecting'
a current supplied to the synchronous notor, a d-q coordinate converter
for converting a current '

od

This invention is intended to solve the above-stated problems.
Particularly, this invention intends to provide the apparatus and method for

detecting the step-out in the synchronous motor accurately in a simplified

operation.
Further, this invention also intends to provide a drive of a closed
compressor and a drive of a fan motor in which the above-stated apparatus for

detecting the step-out in the synchronous motor is packaged.

According to an aspect of this invention, an apparatus for detecting a
step-out in a synchronous motor in an inverter apparatus for driving the
synchronous motor without using a positioning sensor for detecting a position
of a rotor includes a current detector for detecting a current supplied to the
synchronous motor, a d-q coordinate converter for converting a current signal
obta-ined by the current detector into an exciting current component (d axis

.current) and a torque current component (q axis current), an al{ernating



si gnal obtained by the current detector into an exciting curr&gh,&oggenent
(d axis current) and a torque current conponent (q axis current?, an
alternating current conponent detector for obtaining alternating current
conponents of d- q axes currents obtained by the d-q coordinate converter,
an alternating current conponent averaging unit for averaging the

al ternating cuewiant campqpmens niesecodr fohebthtingxdteraiting ahifreBY cORp sh 198G goE
of an effective value and an averaged absol ute value of the alternating
current conpongnb@sofurirbetsdobraimedyCiid Ay %o&taﬁﬁét@eébﬂ%r%?,e aftli! §r£§§-hﬂg
current conponent detector, and a step-out detector for detecting

step-out by codgREdod FoRldtedidy ANGteBlovk NSy c&fnbﬁﬁhgxﬁsl’o 'c'ﬁ%:%”gf_ aﬂ%maagt%gged

t
absol ute value of the alternating current”™ conpon g axe

t bt ai ' t ' it with
o or edet er mi ned Sy enC anEoT A T A W ek Xy RO e R AR o <

I nvention, an 1%99131{1%15 s for detecting a step-out in a synchronous notor in
an inverter apparatts for driving the synchronous notor w thout using a

positioning sensor for detectin 1 Cctober_ 2004 a position of a rotor

i ncl udes a current %’Eﬁgg Woﬂ%ﬁgie@c@?wtao%ﬁhﬁeﬂv@mai@u apperats for
synchronous notor, .a d-q coordjnate converter for converting a current

si gnal obt ai netFHBRHE EtAPrEHt Iy @t BVBToRgsometote ke jan Hayertarr appamabnp dment
(d axis current) and a torque current conponent (g axis current), a
current diff e$ata8 thasEnchiospus moteavishbal isige a pwisitforiensen soe foredetedthey d- g
axes currents obtained by the d-g axes converter and comrand val ues of the
d-q axes cur rnesition of arplemtindifléea ennent lttercafondetottingea tutRrp saged
detector for detecting alternating current conponents in the difference

about the d-q taxbs syndiromouis mdtosiandd) dordihate idveter dbf ERIVRMERE GabAAL OT

and a step-out detector '
signal obtained by the current detector into an exciting current component (d
axis current) and a torque current component (g axis current), an alternating
current component detector for obtaining alternating current components of d-
q axes currents obtained by the d-q coordinate converter, an alternating
current component averaging umnit for aﬁeraging the alternating current
components of the d-q axes currents by obtaining one of an effective value and
an averaged absolute value of the alternating current components of the d-q
axes currents obtained by the alfernating current component detector, and a
step-out detector for detecting a step-out by comparing at least one of the
effective value and the averaged absolute value of the alternating current
components of the d-q axes currents obtained by the alternating current
component a\.reraging unit with a predetermined step-out level signal.

Accordjn_g to another aspect of this invention, an apparatus for

detecting a step-out in a synchronous motor in an inverter apparatus for

driving the synchronous motor without using a positioning sensor for detecting



for detecting a step-out by conparing at |east one of the alitgLhadbngs
current conponents in the difference about the d-q axes currents obtained
by the current difference alternating current conponent detector with a
predeterm ned step-out |level signal. In one enbodi nent, an apparatus for
detecting the step-out in a synchronous notor includes an output voltage

R B
et e or 2 MBS S SR PR .
output, vl {235 SETRSR 5 4 34 o8BsBH Bk ot LB S SFUS SRRl oL

vol tage vector.calculator,with a stelji_)-out detection |evel, gnd wherein the

step-out det &HoCutEidcpnd 2 dergye el somBAneto(q MLt sHEENDo4 CBBRBAr i son
result obtained by the output vo]tage error. detector. ccqordi ng to anot her
aspect of th%é&?q%em Hfétfgr @ﬁk&?ﬁmg dt é%rﬁm%b%tweera@yz 8—& axes cyrrents

synchr onous tqQr in an inverter apparatus for driving the _ synchronous

ot or Wi t houtr‘T)%E?s‘P‘ng%ﬂ Ehfsidrq GHFER FUVREET aﬂércwa{r@&éivéuas ﬁést?lf:i a¥es a
rotor includes current detecting step for detecting a current supplied to
the synchroS8U§ntfetdroeurieng difterenceaelieastingr evmgnts cepipraent detestar der a
current signal obtained in current detecting step into an exciting current
conponent ( d detpefing alieraating ewgent qopapanentuiy the: didterenegeahout dhadirg axes
current), alternating _current conponent detecting step for obtaining

al ternati ng curnesist obtaimed dyethescustend -diffasease catoudaior apidt aisispebutrdeteagor
coordi nate converting step, and step-out detecting step for detecting a
step-out by dongetecting at stepasit hyneomparing at least one of the alternating current

components in the difference about the d-q axes currents obtained by the
current difference alternating current component detector with a
predetermined step-out level signal.

In one embodiment, an apparatus for detecting the step-out in a
synchronous motor includes an output voltage command calculator for
calculating output voltage command values applied to the synchronous motor
based on a current signal obtained by the current detector, an output voltage
vector calculator for calculating an output voltage vector based on the output
voltage command values obtained by the output voltage command calculator,
an output voltage error detector for comparing a scalar of the output voltage
vector obtained by the output voltage vector calculator with a step-out

detection level, and wherein the step-out detector detects a step-out based on a



alternating current conmponents of the d-q axes currents obtai ggdyl; 004
alternating current conponent detecting step with a predeterm nelgl st ep- out
| evel signal. According to another aspect of this invention, a nmethod for
detecting a step-out in a synchronous nmotor in an inverter apparatus for
driving the synchronous notor w thout using a positioning sensor for

detecting a pahifditon st bBlAhed BF LHERSREHLERAL. dBbERLIRG. S P fOf

detecting a current supplied tot sy ronous- not or ‘coordi nat e

converting step for ' rren i.gnal obtained,in_ current
detecting step i ntoAgg&\eg%:%t tdlﬁ'%'%]&}:lgir‘lrasepnetCE 8%%’6%?)%‘??51 & aé?(‘%%maé?]r defestingg a
torque current nent axi s current), alternatin current_cqnmponent
det ecting st epSt%g'rgagﬁ? at r‘?&ﬂ&hra?f’f"ﬁ ARYEORJD R Aakerter 6‘H86¥?5H§ doprdrgane thes
currents obtained in d-q coordinate converting step, alternating current
conponent aversé(&S]Fdeé’P@ HeY VAhoms §eg 2 Resibioningnenseryfor detecting & onpitionnt s
of the d-q axes currents by obtaining one of an effective 10 1 COctober 2004
val ue and an #ferebudnamdss cuwenhietecting step for deteetang aguruent eupplimhipcthent s
of the d-q axes currents obtained in alternating current conponent
detecting st epynckivaoys epotont ddetwrdinate sowyerting step dot ichgvatisizen -chutendy
conparing at |east one of the effective value and the averaged absol ute
val ue of the aigrdpataingd oucweent deteoihonsiehIntyf ar Berifing caXRat Ssthp AT (d
obtained in alternating current conponent averaging step with a

pr edet er mi ned sdepunsht) avéla $hrgnal curASROENEEhO (BNALY VrRIRE Hlt@hatifll:S

I nvention, a nethod for detecting a step-out in a synchronous notor In an

inverter apparaitist§ Qonfoh¥hid dbReting Y NedY OMUSOMEL%Waﬁ&?#&aﬂegi Wrnt
u

positioning sensor for detecting a position of a rotor 1nc current

detecting steRofPbnESl-CRt 4-3% skl HrRRLa §H d-9 oBfiinate converting step,

and step-out detecting step for detecting a step-out by comparing at least one of
alternating current components of the d-q axes currents obtained in
alternating current component detecting step with a predetermined step-out
Ievel signal. |
According to another aspect of this invention, .a method for detecting a
step-out in a synchronous motor in an inverter apparatus for driving the
synchronous motor without using a positioning sensor for detecting a position
of a rotor includes current detecting step for detecting a current supplied to the
synchronous motor, d-g coordinate converting step for converting a current
signal obtained in current detecting step into an exciting current component d
axis current) and a torque current component (q axis current), alternating
current component detecting step for obtaining alternating current
| components of d-q axes currents obtained in d-q coordinate converting step,
alternating current component averaging step for averaging the alternating

current components of the d-q axes currents by obtaining one of an effective

10



synchronous notor, d-q coordinate converting step for conventhgg,& -egkrent
signal obtained in current detecting step into an exciting current
conponent (d axis current) and a torque current conponent (Qq axis
current), current difference calculating step for calculating a difference
between the d-q axes <currents obtained in d-q coordinate converting step

d d f the ds t diff
A ternating SOIVERRS an aYErerd SR atht SCHikaifcihbBEs shirerEtcibdrent: phg
current corrp_oBegts in the di fLerenc_e bout .t he d- axes currents obtai ned
in current di'ffSreAXe GUTLNT 9 ﬁaﬁ&dslpégﬁe%aige@%@ﬁ mpeaest detggting &5p5 or

detecting a step-out by conparing_ at |east one of the alternating current
conponent s i indrdepiopt deteptieg stspulor detecting aaxiep-antibyeenmparing at lnagt pne
current difference alternating current conponent detecting step wth a

pr edet er m nedfshepiiective valut agd gheadveragedoabsobrtb vdlusmfithe altemtabiod corent
detecting the step-out in a synchronous notor output voltage command

cal cul ati ng sfompdnentscaf thaldag axes curtdns bbradiddaigeal epnatiipdcniednitedngiilened t o
t he synchronous notor based on a 11 1 Cctober 2004 current signal obtained

in current deiefdgimgstehrth @ pkditternihéASCPURR [&Ve] siadatul ating step for
cal cul ati ng an out put voltage vector based on the output voltage conmand

val ues obtai ned i n AWoRihe¥QlahB8Rr SYER OGS LENRADRS BRI fortithRlting/! t age

error detecting step for Conparing _ e output voltage ect or
det ect  on' 1 o SP-o, Ik SPESEREY off i IS abuded RSBt thep- oun
based on a cq rison result.obtained in gutput voltage errar detecting
Step. Purt hery REHORPHS MO WiBPREuRTE Aostiioniae seaxar T dRGelbe gpqtion
beconme apparent fromjihe detailed description given hereinafter. However,
it shoul d of a rotor includes current detecting step for detécting a current supplied to the

synchronous motor, d-q coordinate converting step for converting a current

signal obtained in current detecting step into an exciting current component (d

axis current) and a torque current component (g axis current), current

difference calculating step for calculating a difference between the d-q axes

currents obtained in d-q coordinate converting step and command values of the

d-q axes currents, current difference alternating current component detecting

step for obtaining alternating current components in the difference about the d-

q axes currents obtained in current difference calculating step, and step-out

detecting step for detecting a step-out by comparing at least one of the

alternating current components in the difference about the d-q axes currents

obtained in current difference alternating current component detecting step

with a predetermined step-out level signal.

In one embodiment, a method for detecting the step-out in a
synchronous motor output voltage command calculating step for calculating

output voltage command values applied to the synchronous motor based on a

11



be understood that the detailed description and specific exqrggétggermb%l e
I ndi cating preferred enbodi nents of the invention, are given by way o
illustration only, since various changes and nodifications within the
spirit and scope of the invention will beconme apparent to those skilled in
the art fromthis detailed description. O her objects features, and

advant ages ofcuf sy SURNC k8 linDSARRRT GRS NGBl LANAE vectr .

description nin conjunction wt e“acconpan

Descri ption qf . | Fi 1 sh G i quration of an.,a rat us
for delto ecti ng’aéft"i@g gt\éb %gé:glécgl%a&pg ﬁlﬁ)\g’%@ﬂc‘ﬁo:]{ﬁggu%e%&%?%%%fln“tﬁ{%ﬁﬁ‘ﬁé‘ht 1;
synehronous SRUPER RoRMHEYBE Chiabled iRyt N iREER PoMbedie Yt BFng eD, an

E o oo 1B ol Bt e PR e Bk Bl

e oS e ol B SRR S Bl oSl B haK o °
Sober st o0 | oetar el el STl bl adli i SRgebCs b o "
Enbodi nent 2; Fig. 8 shows, a flow chart .in detecting the step-out in

Enbodi nent 2:bagsoragompasisensesulicehipingdrinouipnt yoliage eapp detgetiang ssp.

detecting the step-out L . . .
Further features and applications of the present invention will become

apparent from the detailed description given hereinafter. However, it should
be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from this
detailed description.

Other objects features, and advantages of the invention will be apparent
from the following description when taken in conjunction with the accompany
drawings.

Brief Description of the Drawings

Fig. 1 shows a configuration of an apparatus for detecting a step-out
detector in a synchronous motor in Embodiment 1;

Fig. 2 shows an explanatory chart of various waveforms at a time of a

synchronous operation in Embodiment 1;

12



in the synchronous notor according to the related art. Det aill(?&()?gr%bhpti on
of the Preferred Enbodi nents Enbodinent 1. Figs. 1 - 6 illusirate
Enmbodinment 1. Fig. 1 illustrates a configuration of an inverter apparatus.
Fig. 2 shows an explgnhatory chart of various waveforns at a tine of a ,
synchr onous oper at i oﬁl.g- Bi glows amenplagataymhantodryriocharyefimeadt 9\fne of
wavefornms at a tinme of stepping out. Fig. 4 shows a flow chart in
detecting the Stedpigiout in Bmbsdisdmksi; an expl anatory chart of vari ous
waveforms, at a tinme of stepping out. Fig. 6 shows a flow chart in

detecting the step Figut#.shbwshiftow dhar® iflideReHnS Yhé 8Rbh-RAVEE &Bhg it 1,
an inverter apparatus 2, a plurality of svm'tcgi ng dgvi ces 3n,§Ha eﬁlﬁgse

dovice 30, 8 Wphase uoper e e he den caast ot falBRE Y & e g

devi ce 3b, a Wphase upper swi tching device 3c, ase

device 3d, a Vgzh HOVIRIES '&iﬁ:ré' .device 3e, a W phase | ower sw tching
device 3, a pl uraPiﬁ'%y of flyaﬁ?lee nggbdes 4 connected in parallel to the

plurality of switchiyg i n_inverter in circuit 5 including the
plurality of switchin 'gg%‘gg%@waﬁbﬁr%h‘éﬁﬁﬁeﬁﬁ‘ﬁg?‘ﬂ%ﬁ%%wmomeaﬁés 4,
and a direct currentybryshl ess notor 6 are illustrated. A current detector
7a detects a phase CF&?rZﬁ TR ao“ﬁBE‘SH N QHyAPRATAREH0E detashingdlietster-bret
direct current, b€bl§1%%‘?i§$ not or 6,_aﬁd a_current detector 7b detects a
phase current th Yongus maotghinfmbodunentdient from the phase detected
by the current detecfor 7a. An inverter controller 8 controls ON! OFF of
the switching devi cd3838ishowRa flpyabart imdetectng dhe stdp-owiaiseBnindphase?;
current val ues d((ft ected by the current detectors 7a and 7b.
an
Fig. 9 shows a configuration of the apparatus for detecting the step-out |

in the synchronous motor according to the related art.

Detailed Description of the Preferred Embodiments
Embodiment 1. 7

Figs.1-6 i}lustraté Embodiment 1. Fig. 1 illustrates a configuration
of an inverter apparatus. Fig. 2 shows an explanatory chart of various
waveforms at a time of a synchronous operation. Fig. 3 shows an explanatory
chart of various waveforms at a time of stepping out. Fig. 4 shows a flow
chart m detecting the step-out. Fig. 5 shows an explanatory chart of various
waveforms at a time of stepping out. Fig. 6 shows a flow chart in detecting

the step-out.

In Fig. 1, a direct current power supply unit 1, an inverter apparatus 2,

a plurality of switcliing devices 8, a U-phase upper switching devices 3a, a V-

13



A PWM si gnal generator 9 generates a PWM signal for controILﬂﬁgo 2065 F of
the switching devices 3 based on output voltage command val ues obtai ned
in the inverter controller 8, and a phase current cal culator 10 calcul ates
phase current values in three phases based on the phase current values in
two phases detpuisedippyr tshetcbing denticel 8bee tWihaga uppdr Ewitching: @bdsesc,toU-

2- phase converter 11 is a d-q coordinate converter for converting the phase

current val uegliasetlbwee spighig dbtied B&daby-phhce RRageswitdhifptdetRbd at or. 10
to current values in a d-q coordinate system A voltage conmand val ue

cal cul ator 12 ﬂﬁ%éﬂé‘ﬁe@b‘%ﬁh’ﬁinﬁ%e&@&esf?Q"ﬂlﬁf‘eﬁiﬁy‘@'ﬂ&%éegdfoﬁ s Q'c%nﬁg&(eﬁiiﬂat e

systemfor driving the direct current brushleSs notor based ont current

talues 11 i FGIeoss NGBS ANALDS AL, oD 0GRS L2 BhgRes 4 1

COct ober 2004 converter n outp age

obt ai ns an out; . vect o, based on the qutput.vaol.tage c

val ues in the lgaélm%%géfg%;%ﬁagggf t%ﬁ?‘%%’f%%%%% ?‘ﬁg WSIHIH@%%%@%I ue

calculator 12., A, direct current volta detector 14_detects, a direct

current vol t agtodss ‘Jf'ﬁ’é‘%tﬂ &%E‘Et curypit drpshigsemotordhate Wnstrated. An al t er nati ng

current conponent detector 15 detects alternating current conponents of

the currents in the d-g coordi nate system obtained by the 3-phase to

2- phase converter 11, and a step-out detector 16 detects the step-out by

conparing the step- dutwaericdetesior| ey aletegts [ phasearumenhitin mpecphasnamong

conponents of the currents in the d-q coordinate system obtained by the

al ternating cunreants coppbndto the eiteot chbrenditushkbermowme 6,0afiloa clurcan

operation in the inverter apparatus configured as stated above is

expl ai ned. detector 7b detects a phase current in another phase which is different from
the phase detected by the current detector 7a. An inverter controller 8
controls ON / OFF of the switching devices 3 in the inverter main circuit 5

based on phase current values detected by the current detectors 7a and 7b.

APWM signal generator 9 generates a PWM sighal for controlling ON /
OFF of the switching devices 3 based on output voltage command values
obtained in the inve_zrter controller 8, and a phase current calculator 10
calculates phase ment values in three phases based on the phase current
values in two phases detected by the current detectors 7a and 7b. A 3-phase
to 2-phase converter 11 is a d-q coordinate converter for converting the phase
current values in three phases obtained by the phase current calculator 10 to
current values in a d-q coordinate system; A voltage command ..\}alue
calculator 12 obtains output voltage cbmﬁwd~ values in the d-q coordinate
system for driving the direct current brushless métor based on the current

T values in the d-g coordinate system obtained by the 8-phase to 2-phase

14



As illustrated in Fig. 1, in the inverter apparatus 2, the GUSLS: 2004
detectors 7a and 7b detect the phase currents in tw phases anbng the phase
currents supplied to the direct current brushless notor 6. The inverter
controller 8 calcul ates output voltage command val ues, e.g., voltage val ue,
vol tage phase, coaverteoutlpandbyn touéputnvetdger vesssncaltwlatirt 185 dbeaindr dy ioagpdhe
direct current brushless notor 6, and outputs the PWM signal for

control | i ng_ ONrdltageFFectbr tHiee vri GleNGuPaY ¢eagd botbliBdl DYRIe S TRE Nd-
circuit 5. The PMMsignal is output fromthe inverter controller 8 as

fol lows. The phastinatd seRbucaliaiiaal ny HOvERkEHIEAL RSN e GHILERLS 1h! A LY.

and 1w in 15 1 Cctober 2004 three phases on t ase curren

| v detected byg; 7 7 nd_t he 3:phasg to, 2-phase
converter 11 C%J%%rct% gfétrﬁg;o ltgggtgg“cegcggrrrsléin stg&g,a ?9\15?0%5%13?&/"0#%% Hf the ?J’ﬁ%g s
to currents Id lg in the;d-qg. .coordinate system The voltage conmmand
val ue cal cul at%‘rﬁg%étpgnﬂe&ﬁugpg'su&%dr put voltage command val ues Vvd* and Vg*
in the d-q coordinate system based on the currents Id and Iq in the d-q
coordi nate system The output voltage vector calculator 13 cal cul ates

out put vol tage vector Vx* based on the output voltage command val ues Vd*
and Vg* in the d-q ¢8bradienppenganreent comeoraw defgeter Yendetetteralt@mating

cal cul ates the PMWM signal for controlling ON/ OFF of the swtching

devi ces 3 basewrsenicompuenicof thencuventsapaghedt g ebomiinetd sysyen hbtahed by
current voltage detector 14 and the output voltage vector Vx*, and outputs
t he PWM si gnal theThwhgsé te Ri-vlpsderonvertes linahiien stepardtedetedtar N6CAdteststtha ar e
turned ON /. OFF by the PWM signal output by the PWM signal generator 9. By
an O:\l /d fOFF offep-aut by cafipthiagti stdp-ag dicsctioadeval vith AEElEatRWRErdn%
supplie rom

components of the currents in the d-q coordinate system obtained by the

alternating current component detector 15.

With reference to Fig. 1, an operation in the inverter apparatus
configured as stated above is explained.
As illustrated in Fig. 1, in the inverter apparatus 2, the current
. detectors 7Ta and 7b detect the phase currents in two phases among the phase
currents supplied to the direct current brushless motor 6. The inverter
controller 8 calcuiates output voltage command values, e.g., voltage value,
voltage phase, etc. output by the inverter main circuit 5 for driving the direct
current brushless motor 6, and outputs the PWM signal for controlling ON /

OFF of the switching devices 3 in the inverter main circuit §.

‘The PWM signal is output from the inverter controller 8 as follows.

The phase current calculator 10 calculates phase currents In, Iy, and Iw in
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the inverter main circuit 5 to the direct current brushless nd
the direct current brushless notor 6 is driven. Qut of the 1g§§t§{é%?goﬁd and
lg in the d-q coordinate system obtained by the 3-phase to 2-phase
converter 11, the alternating current conmponent detector 15 detects

al ternating cuftvenphessspharedia the pllasncutrentsAQ afd Ieuleterted biydthansherémt i n
the d-q coordinate system The step-out detector 16 conpares the

al ternating cudetertbrsc Baporiefbs ahd_tA€ HpHadetoAC-sHast hneuFte NtIScordvertst e d-
coordi nate systemwith a step-out detection level Error Level. 16 1 Cctober

2004 Wen |d_Athare dusreifs B CREER THE S titRe PhlasLl LGl Oits! VA d ifthe d-q
.Level, it is judged as the step-out, and an abnormal stop signal 1s

out put. Wen t | ' : h - det
SutpuL, i, eeahna e PTG OB MRS oL BIBNSR 1, CBLAEH AL

switchin devi| ' ' j LhGHIL . 5., and the (.nverter main
circuit g st op‘é‘ﬁﬁgﬁgﬁ*@?ig&%‘h‘g“\ﬁg ggure W%O\%ﬂgc?l% ihdbha; 'gcCtOOE(i}PF‘@n?yStem
brushl ess nmotor G; At .the sa i me,. the operation.of the inverter
control ler 8 ?bsasgflooﬁ‘pglb'? N {Qf@ @Pngn@emt Bhﬁgﬁd% cooy e $ystetirt Har) optrut
detecting the step-out., acgording to this enbodi nent is explained in

det ai | Is gFi g. ‘?ﬁ?q%led'éﬁoﬁtc “‘gﬁ#’r gﬁ&ﬁ%‘r‘l“gté? OVWtﬁt%&@P@)é%@i*mdiomthe

direct current brushless notor 6 is performng a normal synchronous
operation. |n Pitgut yoltage aemmand Y%il)l%% Y angdh Vol den poradinatersyetem.| n
obtai ned by the current detector 7a, a waveform(b) is a waveformof a d
axis current |HheoBdegnaygzaneratdr Sheadenlntes2thegh¥3e steral dot evntralling\@for m
(c) is a waveformof a q axis current | g obtained by the 3-phase to

2- phase conver®@EF of the awitchingadeyiaes B Kabpdion adivestafuarentofolaize ld dhtantadng
current conponent la_AC of the q axis current 1q.

by the direct current voltage detector 14 and the output voltage vector Vx*,

and outputs the PWM signal.

| The switching devices 3 in the inverter main circuit 5 are turned ON /.
OFF by the PWM signal output by the PWM- _signal generator 9. By an ON /
OFF operation of the switching devices 3, an electric power is supplied from
the inverter main circuit 5 to the direct current brushless motor 6, and the

direct current brushless motor 6 is driven.

Gut of the currents Id and Iq in the d-q coordinate system obtained by
the 3-phase to 2-phase converter 11, the alternating current component
detector 15 detects élternating current components Id_AC and Ig AC of
currents Id and Iq in the d-q coordinate system. The step-out detector 16
compares the alternating current components Id_AC and Iq_AC of the currents

in.the d-q coordinate system with a step-out detection level Error Level.

16



Fig. 3 illustrates an exanple of various waveforns when the ldd')&ggérzoﬁ%lrrent
brushl ess notor is stepping out. In Fig. 3, a waveform (a) i's a waveform
of a phase 'current In obtained by the current detector 7a, a (b) waveform

is a. wavefor f ad-axis current-ld obtained by the 3-phase to 2- phase
converter, a m@l’o $A( prile_ACeaveddsriheattelogt detestioneatBigr akival Beds by
the 3-phase to 2-phase converter 11, and a waveform (d) is a waveform of an

17 1 Cctober 2bulgedlasdhnatdprgnicund entabnormansand slghals o@buthe d axis
current Ig. As illustrated in cgs. 2 and 3, when the direct current

brushless notor is in a synchronous operation, the currents Id and Iq in
the d-q coordinate systemare nostly direct currents. However, when the

direct current brusi{hessheohAbid | : - er.natj ng current
conponents are created in I|d glﬁl’ggll é&ﬁ%}?éﬁ%lgﬁx% ol the F#?g' eqtay d6} in

Fig. 3, the al ' r nts .l d nd .| a f Id and Iq
are conpar ed vfﬁpm s ep-%ﬁ'?ﬁatglg? érnc%t%‘gtﬁﬁ%’%?ﬂéﬁtﬁmEswﬁc?ﬂ&hasmtchm,
alternating cu&(%‘ﬁgés §? nents exceed. the, step-out detection level, it is
judged as the Step-out. “ThE ETEE BN fircuitfe and the nvesisg Hmaim drawieh stomn.

It wll be explained fgollows why the alternating current conponents are
created in Id Sa‘}%ﬂmga%eﬂ?“ﬁwr?&w@ to ﬁ@ direchgmywent hrushiless metorehentt the

Magnet Synchronous, Moto % in which an inductance of d axis and an

i nduct ance of MA%PI&ithe aperafigmod aerinyenier contgolier 8 issteymemhr onous

operation, a constant phase difference is being kept between a phase of

the rotor and an output voltage phase of the inverter, i.e., in the d-q

coordi nate systemwhich is based on the output voltage phase of the

i nverter, the inductViiberefirencents Figs 2 and 3, a method for detecting the step-out
according to this embodiment is explained in details. Fig. 2 illustrates an
example of various waveforms when the direct current brushless motor 6 is
performing a normal synchronous operation. In Fig. 2, a waveform (a) is a
waveform of a phase current Iu obtained by the current detector 7a, a .
waveform (b) is a waveform of a d axis current Id obtained by the 3-phase to 2-
phase converter, a waveform (¢) is a waveform of a g axis current Iq obtained

'by the 3-phase to 2-phase converter 11, and a waveform (d) is a waveform of an

alternating current component Ig_AC of the g axis current Ig.

Fig. 3 illustrates an exaxﬁple of various waveforms when the direct

current brushless motor is stepping out. In Fig. 3, a waveform (a) is a
waveform of a phase current Iu obtained by the current detector 7a, a

- _waveform (b) is a waveform of a d axis current Id pbtéi;led by the 3-phase to 2-
phase converter, a waveform () is a wgveform of a q. axis current Iq obtained

by the 3-phase to 2-phase converter 11, and a waveform (@) is a waveform of an
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the rotor and the inductance of q axis of the rotor are const of
the inductance of d axis of the rotor and the inductance 013 (g&é??(r?%g? th
rotor has constantly a sane value). Therefore, the d axis current Id and
the q axis current Iq are nostly direct currents. In the step-out state,
-a phase dif f etlésroatipgtonerentchmpphastelqoACtdiehe qtaats cuapshttlae out put vol t age
phase of the inverter fluctuates, i.e., supposing the output voltage phase
of the inverter as a standard, the inductance of the d axis 19 1 Cctober
2004 and the inductance of the q axis fluctuate. Therefore, the d axis
current and the q auiHusttateiin 09anDend 8, CREDHONR AN RNEREaaIARd 106
alternating current conponents are created in each rotation p?'na :
stated, by detgGli | .ng r C Q ts of the d-qg.axes
curront s, " a 1ot aty satpadhd SpBARIAD ko fighyr FTRRAC Bt fhe W qaorduale
i nduct ance of (. ' t he axis of the rotor can,6be detected by
conparing wit hst}{gﬁeég ol pﬁ?@é\}gﬁ tdgﬁeggpﬁgg%n%f tlﬁ‘éwe‘fer‘ivé’?}feélr thec dgiegh rgryent: he
step-out in ttr}‘)er smchrorgous not qr canraltfe detected. Wth reference to Fig.
4, a mechani smi oFFET MPHHS SEERRIPE o AlispRating cugentcomnvnents are weatedtin
torque component of the current supplied to the notor is explained as an
exanpl e of a ?ﬁe"’p}l‘{){ﬂ _&ét’gﬂﬁgﬁtqdﬂnﬁgﬁdﬁﬁvﬁﬁﬁm @ uFFig. 34thestlbrynadinglcovrearttar t
in detecting the step-out. In Fig. 4, processing STP1 of starting to
det ect the stePmamenty kbedsiand lgsné@ @F Igendchi axp tdnep pledswithuthreestep-out
processi ng STP3 of cal culating the phase current, processing STP4 of
converting t hrdedegiivaskesel Brionolgyieh sasl if gho abismiating &P todontsieatd Bgrebie
alternating current component, processing STPG of conparing with the step-
out detection thevsiep-opt aledediongl&FER7italk midaediaagthey siRy¥dutpr TBES§epGud 8 of
termnating in abnormal condition, and processing STP9 of term nating in
detected through this operation.

It will be explained as follows why the alternating current components
are created in Id and Iy. When, a motor, e.g., IPMSM (Interior Permanent
Magnet Synchronous Motor), in which an inductaﬁce of d axis and an
inductance of g axis differ from each other, is in the synchronous operation, a
constant phase difference is being kept between a phase of the rotor and an
output voltage phase of the inverter, i.e., in the d-q coordinate system which is
based on the output voltage phase of the inverter, the inductance of d axis of
the rotor and the inductance of q axis of the rotor are constant (each of the
inductance of d axis of the rotor and the inductance of ¢ axis of the retor has
constantly a same value). Therefore, the d axis current Id and the q axis
current Iq are mostly direct currents.

In the step-out state,-a phase difference between the phase of the rotor
and the output voltage phase of the inverter fluctuates, i.e., supposing the

output voltage phase of the inverter as a standard, the inductance of the d axis
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normal condition are illustrated. A flow in detecting the steps;Qu: -l
described as follows. In processing STPl, processings of det ect] ngbté?'ue
step-out are started. In processing STP2 of detecting the phase current,

the currents | Jvi i two.phases.s | i ed the djrect current

br ushl ess not oérhg ar]él\aggﬁélg’?gﬁaﬁ?qtaﬁés ﬂE&P@Fﬂ g@@é@g%sﬁh?é axipgument and

processi ng STPt of cal cul %[Lti Bg%t he phase current, the currents lu, 19 1
Oct ober 2004 I'VCShE*PRUFTEOL (FREREG Hu 8 Etatien Phpsr dindabechl terntibia g ouiteitt S

lu and Iv in two hases obtained in pr ocessing STP2. In processing STP4 of
converting thrcéﬁlpog‘ﬁ’égs%mt Gealod pheandsrotatien phrsentAs btated,vbyaddtecink iLEhr e
phases obtained in processing STP3 are converted into the currents |Id and

lq in the d-q ¥esnatingtaurrentseoarponentpod ks i-qauxsd %ﬁr@‘ntgegeﬂ:&dtﬁgﬁ&pq
alternating current conponent, the alternating current conponent | q_%]a: of

the g axi s curoperrtidmstabd of thedoton) irpthededaitatcsdiRei Sade Mg the
hi gh-pass filter. In processing STP6 of conparing with tﬁgggﬁgg%%@tﬂg

detection | evabtort e bel d&teaRlli Ko cemphaER ﬁRﬁp%eBPgJ\}fell— Fa?%ar Btlg%fgp? )ﬁmg

current 'is conpared with the step-out detection

| g_AC Error LeN@drted t AbSord 8He 3Bl 48 ; - nd the processin oes
to processing STP7. |f IqrAC fror L v@f‘,ﬁ&tﬁgfg&]thﬁa‘g%‘hﬁ Igggqrﬁéngﬂ?rfiaﬁ?‘%ﬁgus
operation, and the processing goes to processing STP9. In processing STP7

of stopping by the PAWW] when it is judged as the step-out in processing

STP6, the PWM si gna | ndi_cat i I the switchipg devices 3 to stop are
output by the PWu swg%ﬂaP&‘a)ge%é:?&? ﬁgg?’ 3%9"%%“66&1&%‘4@0@@0& apeciument Ter
controller is ..ILn processing STP8 of termnating in abnormnal
condition, t hga%l&%g%&st?r?ﬁ dgﬁtp‘dfe?oé&l‘gﬁ@nP‘i’%"%t"éﬁh%ﬁHHﬂ%‘ﬂ sunplivdriatthe niator
abnormal- condi ti on due(\1 to the step-qut. In processing STP9 of
18 explamed as an example of a step-out detector in Embodiment 1. Fig. 4
shows a flow chart in detecting the step-out. In Fig. 4, processing STP1 of
starting to detect the step-out, processing STP2 of detecting the phase current,
processing STP3 of calculating the phase current, processing STP4 of
converting three phases to two phases, processing STP5 of detecting the
-alternating current component, processing STP6 of comparing with the step-
out detection level, processing STP7 of stopping by PWM, processing STP8 of

terminating in abnormal condition, and processing STP9 of terminating in

. normadl condition are illustrated.

Aflow in detecting the step-out is described as follows. In processing
STP1, processings of detecting the step-out are started. In processing STP2 of
detecting the pha_se current, the currents Iu and Iv in two phases supplied to
the direct current brushless motor 6 are detected by fhe current detectors 7a

and 7b. In processing STPS of calculating the phase current, the currents Iu,

19



termnating in normal condition, the processings of detectingihg.ShHep- out
are termnated in nornmal condition. As stated, the step-out In the direct
current brushless notor is detected by detecting a difference between the
d-g axes curre t; the tine.of the normal operation and the d-q axes
currents at th(li,:‘B ?lnﬁelwo’fn g}rgﬁﬁpﬁﬁesoﬁ'te."biﬁnggéﬁﬁ%@? theyomrenisy lof ark]v ithevo
step-out can be detected nore accurately according to this invention than
a method of dePBaE§s tﬁﬁbﬁ@ﬂe&ﬁ%@ﬁm@% 2onin peocessing P4 cosvatimg three
according to the related art. Further, since the g axis current Iq

equi val ent to Phasesoptvo pbasase the owpentniu, df anldelve i tiere FHaeps bBELAQ jhe
notor is proportional to the output torque, if detecting of the step-out

is made based procasting@& TR atelrengerdsd 166 ¥hé idrentsdd A T finitRe ﬁﬁ%&ﬁ&éﬁ?ﬁ gan
happen. Therefore, by detecting the alternating current conponent o Fq,

the step-out caystbm. déhqubesssily STRS GoHa@likg tBY %&e&ﬁaﬁ%ﬁﬁ%%@xﬁé&gﬁﬁgu t

condition varies Further, since a variable used for ca ating

vol tage  commaeite wmbuesirigobhent B4R &Rt 197AE A LAY o TudiScli3ess 1@ pREhan sm

e.g., induced voltage estimator, S not necessary

processi ng forprd@ggﬁﬁ%iglg)4tigqle§éc<ggdthgﬁggpgg%@ir_p ﬁlsiéli ed. Wth reference to

Fig. 5, another exanple of the step-0 f- synchr onous not or
in Enbodiment 1 of this invention is explained. A configuration of the
i nverter apparatus is same as Fig. 1. Fig. 5 illustrates various waveforns

at the time of the direct curr br.ushl ess notor 6 being stepping out.
In Fig. 5, a wavef o:':ilr% Qrgfeqsg%gﬁ‘gg@ﬁgpwpa}’mg YAt the steproatttdetectionevslnge by

the current degﬁctor. 7a, a waveform g:t}) is a waveformof a d axis
ernating ¢wrrent component [q_AC of the q axis current is compared with

the step-out detection level Error Level. If Iqg AC = Error_Level, it is
judged as the step-out, and the processing goes to processing STP7. IfIq AC
< Brror_Level, it is judged as the synchronous operation, and the processing
goes to processing STP9. In processing STP7 of stopping by the PWM, when
it is judged as the step-out in processing STP§, the PWM signals indicating all
the switching devices 3 to stoﬁ are output by the PWM signal generator 9, and.
the operation of the inverter controller is stopped. In processing STPS of
terminating in abnormal condition, the processing of detecting the step-out is
terminated in abnormal condition due to the step-out. In processing STP9 of -
terminating m normal condition, the processings of detecting the step-out are

terminated in normal condition.
As stated, the step-out in the direct current brushless motor is detected

by detecting a difference between the d-q axes cuﬁents at the time of the

normal operation and the d-q axes currents at the time of stepping out.
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current |d obtained by the 3 -phase to 2-phase converter, al"@%&@ rz%gc) S
a waveformof a q axis current | g obtained by the 3-phase to Z-phase
converter, a waveform(d) is a waveform of an alternating current
component 1qQ. .. AC.of the 21 1 Cctober 2004 g axis current Iqg, a waveform
(e) is a wavefOFFBFealestar tttecam bgedstepigd more ageuratels adcordingt ionghis
current conponent of the g axis current which is obtained by rectifying
the al ternati igverfioreHra anpetatt of deteding théstap-aui Basedroretihe caatuarent

waveform (f) is a waveformof Iqg,._ ACF it obtained by filtering the
absol ute val udatefaccorsling tethreatelatgd aut.r ent conponent of the g axis current
by a lowpass filter. As illustrated in Figs. 2 and 5, when the direct

current brushless notor is in a synchronous operation, the currents Id and
g in the d-q coordinate systemare nostly direct currents. However, when

the direct current Fokrthehl §8se MRE Q;]r akid c%&fe?ﬂilg@?(gltigﬁlelﬁ% E?ﬁ:ﬂé‘td 3@‘#@?%‘1?‘%

conponents are created in Id and 1q. As illu he wa

Fig. 5, val uesoffpoh&nfAG i ]h@ﬂé Fhl ' are obtai ned b
filtering the gbggl ultle va elu%%rrgl?éj? gl %Oedrhr‘?a?%gqggf?peoﬁﬁmégfngooﬂ%eng%@&ft I d
and 1g by th ilter,are conpared.,with the step-out detectiaon

| evel Error Lg\(}{é@,&’ #?lfet%%éetinfg{cﬁttggg%p\/%%gg?a%&@g%%m& ﬁie‘ée:l Qgﬂ’(ﬁﬂ XS CHER S

l evel, it is judged as e step-out. The ep-,out . can be defected through
this operatiorf gﬁoﬁ %@‘5@%‘?&% C?’éliﬁpé’.en& %E‘peé‘ﬁeekéf tactipe the altepatoeg
detector, a mechani sm of usifﬂlglthe g axis current Ig equivalent to an

out put torque® ’Eﬁ’f‘g&ﬂwn@ﬁt? » Eh PlER1ovd 5B bectetected morpvcorratelyesysngifned.
Fig. 6 shows a, flow chart in detecting the step-out. In Fig. 6, processing

STP 1 of starbPSYRY topsieeonditien ¥a@es out, processing STP2 of detecting
t he phase current, processing

Further, since a variable used for caiculéting the output voltage
command values in the inverter controller 8 is used, a mechanism, e.g.,
induced voltage estimator, ete. is not necessary. Therefore, the processing for

detecting the step-out can be simplified.

With reference to Fig. 5, another example of the step-out detector of the
synchronous motor in Embodiment 1 of this invention is 'explajned. A
configuration of the inverter apparatus is same as Fig. 1. Fig. 5 i]lustfates
various waveforms at the time of the direct current brushless motor 6 being
stepping out. In Fig. 5, a waveform (a) is a waveform of a phase current Tu
obtained by the current detector 7a, a waveform (b) is a waveform of a d a:us
current Id obtained by the 8-phase to 2-phase converter, a waveform (¢) is a -
waveform of a q axis currént Ig obtained by the 3;phése to 2-phase converter, a

waveform (d) is a waveform of an alternating current component Ig_AC of the
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STP3 of calculating the phase current, processing STP4 of 1%9&?5?&#206‘9
e a

three phases

to two phases, processing STP5 of detecting th

current 22 1 Cctober 2004 conponent, processing STP10 of rectifying
(cal culating the absolute value), processing STP11 of filtering by the

| ow pass filt ey axigrovenslag STRRANe) is arpartdie atrhatsslaﬁn%@ﬂuf
| evel , processing STP7 of stopping by PWM processing S rm Nat | ng

in abnor nal Cdjhdlﬁt@ﬁahﬁ@@u@f@ﬁ%ﬁp@ﬁeugﬂa Re

condition are
follows. In p
started. In p

luandIVIn}Dy teﬁec I‘EI’I}%JR)P f‘

are detected
calculating t
are cal cul ate

processi ng STE.

phases, the c
STP3 are conv
system |In pr
the alternati
obtained in p

illustrated. A flowin det ectl%a’hﬁ f@%%&ggngé ?‘i:[lg'é?d as

[1QE8ESh Bthe @fgmat@@?uwe%‘e%mpgm AR Thd A%ds et and g o ©

tecti ng

ot B LTI pgsinen By 9&%32@%@%3 )

rocessi ng

puis
=,

[p'=(®}

v and Iwin three phases

gle% ?%Céj%reg t he urrents I#
ased ontHE Igr‘"’é‘ﬁ'Ee:!;l COMPERERY &f the ot awss prerentbpltlawmedsi n
dﬁffél n processing STP4 of converting three phases into two

nts lu, Iv and Iwin three phases obtained in processing

erted into the currents Id and I1q in the d-qg coordinate

ocessing STP5 of detecting the alternating current component,

ng current conponent 1q...AC of the q axis «current Iq
roces sﬁﬁguwpateldsndhg@@tadi Bywhesi g difet bhslanPBHsshidds lﬁltl&'f)r
t

processing STP10 of rectifying (calculating the absolute val ue),

alternating c

ds derst spwihonent operatiGnothd berrenaxid agd Myemt t1Pha ?@o‘l )396 s |

processing STP5 is rectified, and an absolute value | 1q_AC I

obtai ned. In
| ow

pysters sireg nfdEy1 dofect | utrRWt9, HowdefCuhanS thi! §5E& clgﬁenp €
brushless motor is stepping out, alternating current components are created in
Id and Ig. As illustrated in the waveform (® in Fig. 5, values of Id_AC_Fil
and Iq _AC_Fil which are obtained by filtering the absolute values of the
alternating current components of Id and Iq by the low-pass filter are
compared with the step-out detection level Error Level. If the filtered values
exceed the step-out detection level, it is judged as the step-out. The step-out

can be detected through this operation.

With reference to Fig. 6, as an example of the step-out detector, a
mechanism of using the g axis current Ig equivalent to an output torque-
component of the current supplied to the motor is explained. Fig. 6 shows a
flow chart in detecting the step-out. In Fig. 6, processing STP1 of starting to
detect the step-out, processing STP2 of detecting the phase current, processing
STP3 of calculating the phase current, processing STP4 of converting three

phases to two phases, processing STP5 of detecting the alternating currvent
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pass filter, and a filtered value 1g_AC Fi.1 of the absol ut | ue t he
23 1 Cctober 2004 alternating current conponent of Iq is obﬁaq%%}%frzﬁé‘l
processi ng STP12 of conparing with the step-out detection level, |1g_ACF
| and the step-out detection |level Error_Level are conpared. If 1qg_AC

Fil E L | if i ' h - h i

Lo processi ng Swonehh pigedd SR "o el bdeuictin 1ne pbigete wehiehe
synchronous operati on, dth rocessi ng goes to processing STP9. In
processi ng STF"FOB?SSE’chE’giQHd Bf}‘ﬂl%émgpm thﬁhng-pasa' §iltendyeeteasng hSTB12 pfout

in processing STP6, the PW signals indicating all the swtching devices 3
to stop are ouOPRATHE Wil Hvivstepemil detewiver bivel, pdoceasidgt STEPDpé sedpipiy b t he
i nverter controller is stopped. In processing STP8 of termnating in

abnor mal  condiRWoh, priohessprgp EEFSi ofgenhin adidigeiot gl csidifoaUind pré@Esmpat ed
I n abnormal condition due to the step-out. In processing STP9 of

terninating i rBTEs obtersinaiitg @0nothel PhARSSIRIBuSTatedet ecting the step-out
are termnated in nornmal condition. As stated, the step-out in the direct
current brushless notor is detected based on the difference between the
d-g axes currents at the tinme of the normal operation and the d-q axes

et ected more acour ot aly AoeerAe s P aFt e s RGNS T BRGe T o
det e 10 e Sy ASEBD o U U Sk A, AR B0 bl
out pat -t or ques TR ef BelFEne U R ero Be et Bl pReLAY 18 radkbaserp! y
pased on & 1 ghieh oMo hiflth SuBthh hhan b 2P b d2Eted by Tt Srremt !
detectors 7a and 7b. In processing STP3 of calculating the phase current, the
currents Iu, Iv and Iw in three phases are calculated based on the currents Tu
and Iv in two phéses obtained in processing STP2. In processing STP4 of
converting three phases into two phases, the currents Iu, Iv and Iw in three
phases obtained in processing STP3 are converted into the currents Id and Iq
in the d-q coo;dinate system. In processing STP5 of detecting the alternating
current component, the alternating current component Ig _AC of the q axis

current Iq obtained in processing STP4 is detected by using the high-pass

filter.

In processing STP10 of rectifying (calculating the absolute value), the
altemating current component Iq AC of the q axis current obtained in
processing STP§ is rectified, and an absolute value [Iq_AC| of Iq AC is
obtained. In processing STP11 of filtering, |Iq AC| is filtered by the low-

pass filter, and a filtered value Iq AC_Fil of the absolute value of the
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24 1 Cctober 2004 accordance with a condition of a velocity Qh.g,5£906kt1 on
of a load torque. Hence, the configuration beconmes conpl ex. wever, by
detecting the alternating current conponent of Iq as in Enbodi ment 1 of
this invention, the step-out can be detected accurately even if the

condi ti on of tqug ouégut torque varies. ?i m | %rl'y, even if the d axis ‘
current val ue FEIRAVFEr FreRt sepPorentngf g e phéainedsi hr @rperssieaRilE 18 uef en
val ue changes according to the operation condition of the synchronous
notor, e.g., \VEMRATILRE Frith | $&dstepranie detentios tlepelotl AfeFacandnthleewtsp-sutst
be set in accordance with a condition of velocity or a condition of the

| oad torque i fdedestisax leyel BfrorHeevel epe cutpamdnadeisAfhFYl Badhdonleva, eiee!
of the d axis current as in the related art. Hence, the configuration

beconmes conpl gxdgébweyeie sbop-oef, eaid het fcadsher Babs N9 FRcEE&M g GPrPONENRE
of Id as in Enbodinment 1 of this invention, the step-out can be detected

accurately eve AC_Fhe< @aesaliced], SORGuldzef a9ftht henshiRebLS L QL gVl es-
Further, since the variable used ford"caFcuIaati ntﬁ?hel out pE Hx\s/a(ﬁ@égﬁeld thle

command val uesyroBodsiiy bARECHot SFocE QS TPRN ﬁ?oé@%ﬁ @g&%?%@@gﬁ%ﬁggtg&, ng

i nduced vol tage estinmator, etc. Is hot necessary. erefore,
1GAC | of T he ) g TAAP I iRl P St FBkiov B pra8fipe Mhre e M el 1
bt ain a i1t dpagafaz il bip AR ERe asyiths hab el B4 peipah BhutheBH N grenal
detecting the gseglgpétgg t9, ;.Irllg t%%cglge%% 'orilnofd %ﬁee%\irer}: ert Egntigﬁgr- (iJSUtstocand.t) © 11215 !
Oct ober 2004 ppe
| processing STP8 of terminating in abmormal condition, the processing of
detecting the step-out is terminated in abnormal condition due to the step-out.
In processing STP? of terminating in normal condition, the processings of
detecting the step-out are terminated in normal condition.

As stated, the step-out in the direct current brushless motor is detected
based on the difference between the d-q axes currents at the time of the normal
operation and the d-q axes currents at the time of stepping out. Therefore,
the step-out can be detected more accurately accordiﬁg to this invention than a

- method for detecting the step-out based on the overcurrent state according to

the related axt.

Furthei', the q axis current Iq equivalent to the output torque
‘component of the current supplied to the motor is proportional to the output
torque. Therefore, if the detection of the step-out is made simply based on a

level of the q axis current, the step-out detection level must be set in
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i mproved as follows. The alternating current component |q_AGQfyd-BBos axis
current may increase due to a rapid change in the load torque or in a
voltage of the direct current power supply unit 1, wthout the step-out
bei ng occurred. By using 1q AC Fig.l for detecting the step-out, it is

possi bl e to praey@dhned watk N eeMEtiodebeatvRiRS of NE St BRRYSE |
above-stated state. An exanple of setting tﬁfg gt ep-cout 8e?§afc?ir18%&ﬁg¥/%"}e'for

conparing at tegce! ivi® eéﬂﬁqu{fﬁﬁmg[‘?e&%s%&ﬁg&w Lﬁo%@érai eddeltgc\fﬁ?% gﬁé i ng

t he synchronous operation, e ernating curre conmponent _ t he
[ l.Q..i d.due tq.t fluct [ in the.l
ordue, et c. " iahifine trieh FOEPOS Tyt Tg o8 ib dinh ot BeRE L e hisguveiiosn the

| ower than a | evel of | C._created at -the tinme of stepping out.
Therefore, it?® ?'ﬁ‘b‘é%ﬁfbﬂgﬁ%ecg a‘f%‘éa?ﬁ%ﬁ‘-’% @'@t“@&ﬁt&ﬁl Uﬁo@%lutﬁtlt torqueue
which is higher than the level of [1gAC created in the normal operation
and | ower thaY3%& |evel of 1g AC created at the tine of stepping out.
Since there is a clear difference between the level of 1q_AC created in the
normal operation and the level of 1q,. AC created at the tinme of stepping
out, the error detection |level can be set easily. An exanple of a set

val ue of the step- ofiimdatigcevennifl theell dxis ewpleat vathie isNusdd fordidéweting Whé ent
brushless notor requiring a current of approximately 0.5A in a rating

operation, a lstapebuifsimee theedagds \cartiditOfalib@hadgdsehdtdiding 16 WhieCHeration
conponent 1qg,-AC_Fil of the q axis current |Iq created at the tinme of the

nor mal oper at iconditionad tHe @ be6E 0@ n@vaoleéfgg%ldeﬁyVaaida%aaftoﬁure9£ﬂé"§t3p-%%r ‘i”t
e

during the rating operation. However, the I'evel of the average va

Qct ober 2004 Qetdchidn et Bilsk e St 1rf Abcdr @R a! @udtidd bf vBloct)%r%h X1 S
current created at
condition of the load torque if detection of the step-out is made simply based on
a level of the d axis current as in the related art. Hence, the configuration
becomes complex. However, by detecting the alternating current component

of Id as m Embodiment 1 of this invention, the step-out can be detected

accurately even if the operation condition of the synchronous motor varies. -

Further, since the variable used for calculating the output voltage
command values in the inverter controller 8 is used, a mechanism, e.g.,
iﬂduced voltage estimator, etc. is not necessary. Therefore, the processing for

detecting the step-out can be simplified.

Then, an absolute value]Xq AC| of the alternating current component
Ig_AC of the q axis current is obtained, and the absolute value is filtered by the
low-pass filter to obtain a filtered value Iq AC Fil. By using the filtered

valued for detecting the step-out, the accuracy in detecting the step-out can be
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the tine of stepping out is 250 %or nore of the effective WQ5&&x950P$e
rating current during the rating operation. Therefore, it is possible to
set the step- out detection level at 200% of the effective value of the
rating current in considering an influence fromthe fluctuation in the

| oad torque and the direct current voltage. Another exanple of setting the
st ep- out det edmirenvédaefoliowsexpl ai ned. As an exanple of a |load of the
synchronous notor, in a conpressor, especially a conpressor of single

rotary type of whi ciTheodtbrhhtiagUireshtnasgtponddt 18A@ ofahatd QRis dlifent may.
alternating current conponent Ig"AC created in the q axis current I1q'is

slight!y |ar dahchesause (o fui@ERbged IDMEIGRUBRMDY 18 volthlObHAld A0

the | oad. However, I g* AC at 'the tine of stepping out is no
Ther ef or e, forcuﬂ'kfiﬂ r T ' e t.the stepro .
detection |evel sli gfﬁt i y ﬁ&é%é}mt a’nagmr}‘zgt@agtep@\?Zﬁ’.eﬂ{l%g?cﬁ%r%et ﬁ%’d“‘f‘&g
detecting the steprgut ci.n edi nent .1 of this inpwention, in sone
conbi nati on ofI%rﬁg—lﬁﬁlvgdrrt %ggg‘g%%%gg% LAY (1 49 QP‘FSE‘%]IE o RYSVERt 2B §rLpeons
notor, the curjyent. su led to the direct current notor during a | ow
vel ocity rot at[{egﬁc%&ﬁheIsg‘?ﬁ.'o‘ﬁtf?&rt.}é‘?@ﬁjg‘,’e“?‘tat%‘%%@ﬁ%s difficult to detect
the step-out during the low velocity rotation. In such a case, the step-
out state can be detected by increasing the velocity until a velocity in a
regular operation just after starting the notor. The step-out' continues
till the step out i éndetasenledf seising thve, step-pithdetottien byyebfor comparingvat the
seconds, and the current suppli ed to the notor is |ower than the current
suppl i ed to tHenemfodetdeting ghe Atdp-Gut obexplRitetl. t Myenadurigg dher sytnichronous
Therefore, there is alnost no ‘bad influence on the inverter apparatus and-
t he synchr onouwpenatiar, the alternating current component Iq AC of the q axis current value
Iq is created due to the fluctuation in the load torque, etc. However, a level of
Iq_AC created in a normal operation is lower than a level of Ig_AC created at
the time of stepping out. Therefore, it is possible to set the step-out detection
level at a value which is higher than the level of Iq_AC created in the normal
operation and lower than the level of Ig_AC created at the time of stepping out.
Since there is a clear difference between the level of Ig_AC created in the
normal operation and the level of Iq_AC created at the time of stepping out, the

error detection level can be set easily.

An example of a set value of the step-out detection level is explained.

At the direct current brushless ﬁotor requiring a current of
approximately 0.5A in a rating operation, a level of an average value of the -
alternating current componént Iq_AC_Fil of the q axis current Iq created at.
the time of the normal operation is 50 % or less of an effective value of a rating

current during the rating operation. However, the level of the average value
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When a velocity of the brushless notor is increased or decr
alternating current conponent is created in the currents |d1§‘2§8§j‘%2@§‘?t he
d-g coordinate systemin sone cases. This can cause an error in detecting
the step-out. |In such cases, the step-out can be detected during a period
wi t hout i ncr d$haglternating easéntgontpvaenel QA Wil dfshe athxS Q&4 QL PARE 3
processing for detecting the step-out during a period of increasing or
decr easi ng t hehedimeiof ptepping bat {d P50 ehar Lforb bf $RE @EbLML wlﬁgsotf%ﬂ_ %gﬁnkn h
éd’rn the

Figs. 4 and G when the alternating current conponents are detecC

t [ t e d | ' [ th i
T T i iy ol T PEOE3S) 0 SIE 41 A5 RS

detecting the step-out can be inproved b et'ecting

frequency conpemedd: | s .&ilter. FFT.(Fast Fourier
Transformation), et ‘é&y‘}i\lﬁﬁe}'%grfﬁ %@@%@ﬁ ?oéaerchvgu‘f%}’e foffetgﬁewgcéﬁﬁ?%%h@ i's
a frequency tw [ f£equen f a vol.tage output fromthe

i nverter appa\rﬁgit‘zﬁlg.gﬁ’lfl iagqlngﬁgtg%ea%glg, t?ﬁerrﬁ/lfcﬁléa%%’r“a{heg%adé?rqét‘efaélﬁlrthgcﬂiéecﬁot or
for exanpl e, tcﬁ?*e%g% nts in the d-q coordinate systemat the tinme of

st eppi ng out i‘nclude a%%rrponent of a frequency twice as high as the
rotation frequency of the voltage output by the inverter apparatus. The
particul ar frequency conponent is determ ned, for exanple, based on a
nunber of poles of the notor. As a nethod for detecting the step-out
according to Enbodi fiéather exampieefaettingrthostepsiun getertion level $s explaiagl, val ue
was explained, It is also 28 1 October 2004 possible to detect the step-out

based on the d axi s48@r examplel efea leadiiof the spuchroheisvaiod b & caihiesSl! F €Nt
and the d axis current command value, and a difference between the q axis

current and t lkepefialli s wmpresdtorofrsingld. xotd thpedodi whith! T8t ERETIRId, YA Ue
and the gq axis current command value are
during a rotation, the alternating current component Ig AC created in the g
axis current Iq is slightly larger because of a torque ripple caused by the
fluctuation in the load. However, Iq_ AC at the time of stepping out is not so

small. Therefore, for such compressor, it is possible to set the step-out

detection level slightly higher than a regular level.

In the method for detecting the step-out in Embodiment 1 of this
invention, in some combination of the inverter apparatus and the (iirect
current brushless motor, the current supplied to the direct current motor
during a low velocity rotation may be low. Therefore, it becomes difficult to
detect the step-out during the low velocity rotation. In such a éase, the step-
out state can be detected by increasing the velocity until a velocity in a regular
operation just after starting the motor. The step-o-ut' continues till the step-
out is detected. However, a time of step-out is a few seconds, and the current

supplied to the motor is lower than the current supplied to the motor during
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command val ues for controlling the synchronous notor approqu&&a&¥2954
driving control of the synchronous notor. The d axis current command val ue
and the q axis current conmand val ue are determ ned based on an operation

condition of the synchronous notor. Wen the step-out is detected based on

the differencenbabish@nobliardn igravid BEAM AGInd i SHIIEHE GOTHRN

val ue or the difference between the g axis current an q ent

comand val ue;flsist) ta&g&se&%ﬁ}eess O?ﬁﬁr‘%)\é\@%\gghge currents in the d-q

coordi nate system an e curre €% in the d-qg coordi nate
system are obtained; the currents in the d-q coordinate system are
obt ai ned by the 3-phase to 2-phase converter 11 for converting a current
val ue in three phas obt ai ned by the phase current calculator 10 to
current values in tﬁéledll-ﬁv@ sHyidhdbe byyshlass mkerris inerensedhar degreasad; ¢he
conmponents of the obtained differences in the d-q axes currents are

det ect ed. TherR}tezRaRSUTISHE compoprnidetcaented imlthe cnaenigld and datin the d-g
conponents of the differences in the d-q axes currents is conpared with a
pr edet er mi ned ceeugipnatat sylstare linsiogreakaseandThisecat eprseuin legradeinegétecting Vs t he
g axis current value is used for detecting the step-out, the q axis

current is eqeiepadwent Iheuah tasday cheopauerhn Me ddiceted dhfing Sp@Md GHtnbae t he
synchronous notor. Therefore, when the alternating current conponent 29 1

Qct ober 2004 duerahsdgior ddr@edbinXithe Glldet inkfeall me&mgggmmpgif&the

out put torque of the notor is big, and the notor 1s in a nor na

operation. Ev@stdcefing the %ﬁ@-out?ﬁ?’iﬁ%b%@ﬁoa QFL&!\:&%‘EJP%H &&rgﬁ%ﬁg e %Eig@ nent

is created in the q axis curr y the fluctu nin oad ue.
However, the alternating current conponent in the norrmal operation is
| ower than the alternating current

In the flow charts in detecting the step-out in Figs. 4 and 6, when the
alternating current components are detected in the currents in the d-q
coordinate system in processing STP5, the accuracy in detecting the step-out
can be improved by detecting only a particular frequency component by using a
band-pass filter, FFT (Fast Fourier Transformation), etc. An example of the
particular frequency compenent is a frequency twice as high as a frequency of a
voltage output from the inverter apparatus. This is because, in the operation
of a four pole motor for example, the currents in the d-q coordinate system at
the time of stepping out include a component of a frequency twice as high as
the rotation frequency of the voltage output by the inverter apparatus. The
particular frequency component is determined, for example, based on a

number of poles of the motor.

As a method for detecting the step-out according to Embodiment 1, a

mechanism for using the q axis current value was explained. It is also
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conponent created at the tinme of stepping out. As stated, 5'1'}8&063‘@&'665'93 I n
the g, axis current can be related to an operation of the not ofr, I'S easy

to distinguish the nornmal operation and the step-out. Therefore accordl ng
to the nechanismfor using the q axis current for detecti ng t he step-out,

th t ep- out | n,th [
cur rent ei"s"ﬂseﬂ@“"%‘f"‘*dé‘?%%t??ﬁ%h% REb Spu B Sn 3R (LOT Vamen bns g isareron

conmponent is chg axis curre t the tinme of stepping out as
inthe q axis cu%egk tﬂ? he 28t E)ur(gﬁ?t eaf "g@ ‘gé‘t’%%?\é%}'eéé copmarh yelugfandhe

g'axi s current,,. V\hen B{h the d axis current and the g axis current are
used, since t hetiffgte g6 GETV D BerertiequpsBtandthaqpiy anreyt windand, The d
step-out can be detected nore accurately. It is also possible to convert
the d axis currdit cYarené comamane vajuendrsl the renmtdsy ahrent ommbnd eashe AR
certain detecting value by using.a coordinate conversion and an arlthnetic

expr essi on, andommad vadaese fox entrellop dhie gyahbmoak s hodat eebeshIREE
accurately. In the d axis current and the g axis. current, it is genera to

define a magnetriving obmwoliifrihetsynthiohoidigokat OThefd &RE oIPleRk i s
and a phase 30 | Cctober 2004 advanced by 90 degrees |r? a rotcgﬁr]ﬁfﬂlea‘(;lf"l!a)‘g

direction fromandethed qukis o&&rdﬂ%%o&n@%ﬂrfvalu’é%‘%%emﬁﬁ?@ Ibtagﬁ ﬁ%{ gé@%@ﬁc’?he

notor is driven wthout posi t1 onl ng- sensor

d-q axes accur atediion IEheEMbroldl@ Bofod, @ Case in  which an axis
equivalent to the d axis is defined as a c5 axis and an axis equivalent to

the g axis is defined as a y axis in a coordi nate systemfor controlling.
It is needless to say that a sanme effect can be realized in a sane

configuration with (el the's1@¥ %0t §9ALEL0A Fast i He difference between the d
axis current and the d axis current command value or the difference between
the q axis current and the q axis current command value, firstly differences
between the currents in the d-g coordinate system and the. current command
values in the d-q coordinate system are obtained; the currents in tile d—q
coordinate system are obtejned by the 3-phase to 2-phase converter 11 fer

. converting a current value in three phases obtained by the phase current
calculator 1_0 to current values in the d-q coordinate system. Then,
alternating current components of the obtained differences in the d-q axes
currents are detected. Th_en, at least one of the detected alternating current

components of the differences in the d-q axes currents is compared with a

predetermined step-out level signal, and the step-out is detected,

When the g axis current value is used for detecting the step-out, the g
axis current is equivalent to a torque component of the current supplied to the

synchronous motor. Therefore, when the alternating current component
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In the above-stated enbodi nent, an absol ute val ue of the altq?ﬂg&£ggo
current conponents of the d-q axes currents is obtained, an& a ute
value is filtered to obtain an average value of the alternating current
conponents of the d-q axes currents. However, an effective value of the

| ternati ; t.ne. q- . t be, t t £
The aver age varie: of Hpd i Silyeid Bl B RS uGlhE Me S hieh P ihal”

currents. Enbqdinent .2 Figs. 7 and 8 illustrate Enbodi ment 2. Fig. 7

i |l ustrates aqgéc):tgﬁf% Bfﬁ’a%qagﬁmo’fm?%emilﬁv@}ta POLMA ARG On. [ Yvensin gopermal | ow
chart in det ecti)?%j tgﬁ sﬁiep-out. In Fig. 7, the direct current power
supply unit 1°PETEIq,JEE ELternaiing curiget sompegend igcaeated infthevd awisicugrent
devices 3, the U phase upper swi tching device 3a, the V-phase upper

swi t chi ng devilye ths fucheatipm insthey bysdr torguet c Flowpvenvilee adernathes buphase

| ower swi tching device 3d, the V-phase |ower sw tching device 3e, the

W phase | ower cewippobihgn divei nernddl, opdratiph visaloiwtey thfan the siieehatih@desreht
connected in parallel to the plurality of switching devices 3, the

i nverter main coinponent &rebtal adtingtiecofdibihi tontOf AS\WtARh 5ighc QViESEe Inand
31 | October 2004 the plurality of flywheel diodes 4, and the direct

current brushlthesy awisQfurfertf @l bé Yelatdl Q6. an! BSerGHbh S thdShS6Olt ilaeaggtt%“ S
a phase current in one phase anbng currents supplied to the direct tTurrent

brushl ess not Qﬁstﬁaﬁ:ﬁ_ﬁﬂ thEG1oeiial @BbratiRl tﬁﬁ% Cﬁaﬁ ;stsi:’%ﬂgﬁﬁ Ctﬁ%e@?&fﬁ%@tﬁ.{lg gtﬂt in

anot her phase which is different from etec

e 7t THE D SO s T e e 0

devices 3 in the 1nverter main CIrcui on p

detected by t Refhtf Ebetli RELEE:. (on BILer Busity.

When the d axis current is used for detecting the step-out, since an
alternating current component is created in the d axis current at the time of
stepping out as in the g axis current, the step-out can be detected as in a case

of the q axis current,.

When both the d axis current and the q axis current are used, since the
step-out is detected based on a plurality of data, the step-out can be detected
more accurately. Itis also possible to convert the d axis current value and the
q axis current value info at least one certain detecting value by using a
coordinate conversion and an arithmetic expression, and in such case, the

step-out can be also detected more accurately.

In the d axis current and the g axis. current, it is general to define a

magnetic-polar direction of the rotor of the motor as the d axis and a phase
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The PWM signal generator 9 generates the PWM signal for contr ' /
OFF of the switching devices 3 based on output voltage commin(?fld\)/%ﬁglgggg\l
obtained in the inverter controller 8, and the phase current cal cul ator 10
cal cul ates phase current values in three phases based on the phase current
values in two phases detected by the current detectors 7a and 7b. The 3-
phase to 2- phadearedler 08 degueesgnatetatingalipchion feamn thatd anlsuassthend tarisce
phases obtai ned by the phase current calculator to current values in a d-q
coor di nat e sy3$fcamgveandhéhéhe syrichgen csnmetod iv dtiven eathowit gositichinpbéraonst:
out put vol tage command values in the d-q coordinate systemfor driving the

di rect currents Riffighltets doptprthdAsgdixen deberatelyr eNleréfiroethd® ishe cdsdlin
coordi nate system obtai ned by the 3-phase to 2-phase converter 11. The

out put vol t aggyMelEteY akidl &itliddieht s tRPIIRLRS 18 HPmbRUWs XObt age METLAr ahased

on the output voltage conmand val ues in the.d-q coordinate system obt ai ned

by the vol ta%ﬁuﬁ%@élﬂngﬁ Yiad ﬁeaﬁé'igtﬂeﬁhg{i as2n ?”E’xi%hlﬁ 81 b Efdin £l 5 VALt age

detector 14 detects a rect- current voltage of the direct current power

supply 32 1 . 2004, uni AN Vol t [rOf- ect.ar 17
conpates a scaparofitiy t i hadteasd oY\ BHf o Vb - ELEP e SEUERTD o frmen,y

t he out put vol tgge vect or. ﬁghcuéator 13 1.t h, the, st ep-out detection |evel
V Error Level COnGERralion WHNIME Qaf o B¥G COMEIRRESPE M he st ep-out based on a
conparison result fromthe output voltage error detector 17. Wth

reference to Fig. 7, an operation in the inverter apparatus configured as

stated above is explained, As illustrated in Fi % 7, in the inverter
apparatus 2, the cuptdhe above-stated embodiment, an absolute value of the alternating

current components of the d-g axes currents is obtained, and the absolute
value is filtered to obtain an average value of the alternating current
components of the d-q axes currents. However, an effective value of the
alternating current components of the d-q axes currents can be treated as the

average vaiue of the alternaﬁng current components of the d-q axes currents.

Embodiment 2.

Figs. 7 and 8 illustrate Embodiment 2. Flg 7 illustrates a
configuration of the inverter apparatus. Flg 8 shows a flow chart in detecting
the step-out. In Fig. 7, the direct current power supply unit 1, the inverter
‘apparatus 2, the plurality of switching devices 3, the U-phase upper switching
device 3a, the V-phase upper switching device 8b, the W-phase uppér
switching device 3¢, the U—phasé lower switching device 3d, the V-phase lower
switching device 3e, the W-phase lower switching device 3f, the plurality of
flywheel diodes 4 connected in parallel to the plurality of switching devices 3,

the inverter main circuit 5 inctuding the plurality of switching devices 3 and
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detectors 7a and 7b detect the phase currents in two phasesfqﬂgagxbﬁﬁ4phase
currents supplied to the direct current brushless notor he Irnvérter
controller 8.calcul ates output voltage command val ues, e.g., voltage val ue,
vol t age phase, etc. output by the inverter main circuit 5 for driving the
direct current brushless notor 6, and outputs the PWM signal for

control |'i ng Cihe pluGlityodf fiykehsehitiodds Aga B CoiTecd chﬁretnfﬂ%rﬁﬁﬂ%fé RlotdT® Bre
circuit 5. The PMMsignal is output fromthe inverter controller 8 as

follows. Thejilphk@sgegurrent cal cul ator 10 cal cul ates phase currents lu, lv,
and lwin three phases based on the phase currents lu and |Iv detected by
the current detector 7a and 7b, and the 3-phase to 2 -phase converter 11
converts the phase currents lu, lv, and Iwto currents Id and Ig in the

d-qg coordi nate systgm The o] t C nd val ue cal culator 12 cal cul ates
out put vol t age conn%\edcurﬁﬁ?hégte@g%fng% 3 Hﬁ??f’ec‘élr-r&ntb‘bl"&? PArage AFIngm
based on the currepts Ipi&gnd 3 1 October 2004 Ig in the d-q coordinate
system The otit'ptt'S/dik et ritegl ewirant pryshlessamotion fe andutheutuveit age
vect or Vx* based on &}'hg out put_vol tage command values Vd* and Vg* in the
d- g coor di nat 8eteglor &by detpets mwhasegeirenfeivermatber phasa whitlaiediffenentPfitbin
signal for controlling ON/ OFF of the switching devices 3 based on a

di rect curren‘éhf\/ﬁhﬁ%@%emed)lb&atheedumnt [detedtorea. cThe eéntventet tcagarolleetsect or
14 and the output voltage vector Vx*, and outputs the PWM signal. The

swi t chi ng devewdsols OGN /t OEF ofvihiet ewitehing deivicesist inStlay Sviewten adafdNcikcniOBF by
the PWM signal output by the PWM signal generator 9. By an ON/ OFF

operation of biedou pledvengrebeitivabesIet@iedEbe hid GOV BitedtSrSPRhAEH. from
the inverter main circuit 5 to the direct current brushless notor 6, and

the direct current brushless nmotor 6 is driven.

The PWM signal generator 9 generates the PWM signal for controlling
.ON { OFF of the switching devices 8 based on output voltage command values
obtained in the inverter controller 8, and the phase current calculator 10
calculates phase current values in three phases based on the phaée current
values in two phases detected by the current detectors 7a and 7h. The 8-
phase to 2-phase converter 11 converts the phase current values in three
phases obtained by the phase current calculator to current values in a d-q
coordinate system, and the voltage command value calculator 12 obtains
output voltage command values in the d-q coordinate system for driving the
direct current brushless motor based on the current values in the d-g
coordinate system obtained by the 3-phase to 2-phase converter 11. The
output voltage vector calculator 13 obtains an output voltage vector based on
the output voltaége command values in the d-q coordinate system obtained by
the voltage command value calculator 12, ‘and the direct current voltage

detector 14 detects a direct current voltage of the direct current power supply
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Based on the output voltage vector Vx obtained by the output It a
vector calculator 13, a scalar | Vx* | of the output voltaéed@%]%:etr%rﬁo%/x i's
obtai ned by the output voltage error detector 17, then the scalar | Vx* |

of the output voltage vector Vx* is conpared with the step-out detection

| evel V Error haitel.. Wen the scalar | Vx* |I. of the output voltage vector
Vx* is below the step-out detection level VI-Error--Level, it is judged as
the step-out. Wien the scalar | Vx* | of the output voltage vector Vx* is
exceedi ng the step-out detection level V Error Level, it is judged that

the normal synchrono I IS rformne As a result of detectin
t he out put vgl t age eﬁgg?ﬁﬁélg%eﬁmfgegéi%vﬁ fEmPatesne seelagek Belli @fnthgvel
V Error_ Level uth siteg-out dsé(lgcoi)gr_ 18 judges as the 34 1 Cctober 2004
step-out, and SEPRG2ItARe Zpctor gpediby ke qugreheolingm vestamenlowetoeria or

9. Wien the PWM si.gnal generator 9_receives the abnormal stop signal, the
PW/ signal ge k SEPRRtpiRtactions layiehV_Haror Lievilngndfd stdp-odthdeteviiok cig ng
devices 3 in the inverter main circuit 5 At the sane tinme, operation of
the inverter Sdagisdhe &tepgoutdased pp edioniparison sesmely frotrhh estePudU It LR brBGY
detected. Wth reference to Fig, 8, an exanple of a flowin detecting the
step-out in Edetectordfit 2 is explained. Fig. 8 shows a flow chart of
detecting the step-out. In Fig. 8, processing STP1 of starting to detect
the step-out, processing STP 13 of detecting the output voltage vector,
processi ng STP14 of detecting a scalar of the output voltage vector,

processing STP 15 ofWighnpsdeicnge 04 Fik.t Ne o8t §srAbibn ORL 8L €
processi ng STP7 of stopping by the% prgq?:éessi%g s%%% ]%T%%tg%(n{l;pr?é’tr?wg‘] in

abnor mal  condidonfiguréigs Ha@CEaRdvAds eXpl2iffd, termnating in normal condition
are illustrated.

As illustrated in Fig., 7, in the inverter apparatus 2, the current
detectors 7a and 7b detect the phase currents in two phases among the phase
currents supplied to the direct current brushless motor 6. The inverter
controller 8 calculates output voltage command values, e.g., voltage value,
“voltage phase, etc. output by the inverter main circuit 5 for driving the direct

current brushlpss motor 6, and outputs the PWM signal for controlling ON /

OFF of the switching devices 3 in the inverter main circuit 5.

The PWM éignal is output from the inverter controller 8 as follows.
The phase current calculator 10 calculates phase currents Iu, Iv, and Iw in
three phases based on the phase currents Tu and Fv detected by the current
detector 7a and 7b, and the 8-phase to 2-phase converter 11 converts the phase
currents Iu, Iv, and Iw to currents Id and Iq in the d-q coordinate system. The
voltage command value calculator 12 calculates output voltage command

values Vd* and Vq* in the d-g coordinate system based on the currents Id and
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In processing STP 1, the processings for detecting the step- %&toﬁ‘ér‘%om

started. In processing STP 13 of detecting the output vector, an out

vol tage vector Vx* obtained by the output voltage vector cal cul at or 13 S

det ect ed. In Fr ocessing STP14 of detecting a scalar of the output vector,
I

a scal ar infthet e ocetrfitaty clybge VEEs @M’ vél%@é?tv@étoi NealhiQ5%5S] 89
STP13 is obt al ned. In processing STP 15 of conparing with the step-out

| evel , the scad:aaéulhtesVeiﬁtphltﬁfolﬁal”g“@ ve@tbtrp@i* Y:S%éc?gﬁ tﬁ%c&ﬂb t%o&?g@%ﬁﬂngﬂ&h

t he step out level V Error Level Error eve

judged as the $41aBs Wt .an@yt He g‘%ﬁﬁﬂdﬁ&%@%ﬁﬁte&o rﬁ{eggﬁ@ﬁi Igzﬁg,@rtgvg, on

Vx* | k V Error Level, it ISJU nor ral

i s perforned, c S to Cct ab 2004 STP9,
el o1, 888k 0RePHRPRRl AT35 wes\ TR GBS ot i iptung Aarises

I ndi cating aII WItC I n dev out put by the PWM si gnal
gener at or 9 |n iﬁ? i g%ian %%’IS’?‘H é‘ﬁd’o}tﬁg‘f 8?@“%%@?&996‘#% current woldager
controller %)tp ﬂ r&otﬁr ocessi ng STP8 of term nating in abnornal

condi ti on, t he '&8 Bt SR Idheondr &k epdtagatvepter Ve namdpeip it e REVMedignal.
condition due to the step-out. In processing STP9 of term nating in nornmal
condition, the processings of detecting the step-out are termnated in

normal condition. When the direct current brushless notor is driven, if the.

output voltage is Adte snittlghg devices amwhem@rmmnmmﬁmww&éahrﬁ&m\hﬁ
synchr onous o(geratlon can not be maintained, and the step-out occurs.
it

Ther ef or e, EF hyo‘dm BWéJItsngrdaétoat;ﬁutthtlﬁiBWMing g@RBFItOF HNIBY R ON /
voltage level. It is possible to detect the step-out by the operation

il lustrated i rOERupratod of the Sgtchiig) dévitesVs *adl elRbtdd'BoRes Wéuﬂﬂiédaﬂgm

vect or changes according to an
the inverter main circuit 5 to the direct current brushless motor 6, and the

direct current brushless motor 6 is driven.

Based on the output voltage vector Vx obtair-led by the output voltage
vector calculator 13, a scalar | Vx*| of the output voltage vector Vx is obtained
by the output voltage error detector 17, then the scalar {Vx*| of the output
voltage vector Vx* is compared with the step-out detection level V_Error_Level.
When the scalar [Vx*| of the output voltage vector Vx* is below the step-out
detection level V_Error_Level, it is judged as the step-out. When the scalar
| Vx*| of the output voltage vector Vx* is exceeding the step-out detection level
V_Error_Level, it is judged that the normal .sync].u'onous operation is

performed,

As a result of detecting the output voltage error, if | Vx*| is below the

step-out detection level V_Error_Level, the step-out detector 18 judges as the
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ought to be set according to the operation condition. As stat et

step-out in the direct current brushless notor is detected by detecting

the difference in the scalar f Vx* | of the output voltage vector between

the normal symredp-om)us daRes@ls BNaREnid etcpt 8PaAUb - thI eV sf & al%ér}f‘eraﬁr@'om
e

can be detected according to this nmethod noré accurately than met hod

f det ect i : '
he el ated art on@P st Sh R PrelRes o Mot 6 FRFELHIENAR, 1

t he out put vol I b e 1 nvert ntroll.er | s used, a
nmechani sm e. gsig,qﬂ'l?ﬁgﬁ%&s%P%‘@é@ggé%%%g({rg’wmé’lgc&r% iWiiehing devires pfce
t he processing,far _detecting the siep;, qut can he sinplified. |n Enbodi nent
1 and Enbodi rrg]ﬂ? 1?V8‘f%e’f R W%Wi%n,mt %%e FRMEC i e (APeERtion (of sthiecdyertedt or
IS given as an ex | e, of the synchronous notor. However, it is needless
to say that achWPaﬁg‘Fgésf?t@E?e‘éarl § way.ithe gtayotgendedetaeedr such as a
per manent magnet synchronous notor, synchronous reluctance notor, and

swi tched reluctance notor. A conpressor drive of a refrigerator and an air
condi tioner can be given as exanples of an apparatus in which the

appar at us for det ecWitlyré¢fbeerse épFogit8, anrexahmls yha Hoeniaudetoeing tlacsepdiutg t 0
this invention is packaged. By packaging the apparatus for detecting the
step-out in tlie Embpdiesanr2 ds iexplainéd. iFgpesdiodisea flows chie 6hgetREDRE SHB

ari sing when the step-out continues, e.g., a noise of the conpressor, a
damage in a ceedp-ogt. pi Be Fge 8l Qrobdrbilal STP10bf SbaAtingOMP'RISA' the step-out,
dermagnetizati on of the nagnet used for the rotor of the notor, and

- processing STP13 of detecting the output voltage vector, processing STP14 of

operation condition. Therefore, the step-out detection Ievel1 (yéoﬁtrrzgm}evel

detecting a scalar of the output voltage vector, processing STP15 of comparing
with the step-out detection level, processing STP7 of stopping by the PWM,
processing STP8 of terminating in abnormal condition, and precessing STP9 of

terminating in normal condition are illustrated.

In processing STP1, the processings for detecting the step-out are
started. In prqcessing STP13 of detecting the output vector, an output voltage
vector Vx* obtained by the output voltage vector calculator 13 is detected. In
processing STP14 of detecting a scalar of the output vector, a scalar | Vx*| of
the output vqltage vector Vx* detected in processing STP13 is obtained. In
processing STP15 of coﬁpaﬁng with the step-cut level, the scalar | Vx*| of the
output voltage vector is compared with the step-out level V_Error Level. If
| Vx*| <V_Error_Level, it is.judged as the step-out, and the processing goes to
processing STP7. If |Vx*| 2 V_Error_Level, it is judged that the normal

synchronous operation is performed, and the processing goes to processing
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a damage in a sem conductor elenment of the inverter apparatqqgggﬁxbgogn
increase in the current. Accordingly, a reliable refrigerator and a
reliable air conditioner can be realized. A fan notor drive of the
refrigerator and the air conditioner can be given as exanples of an
apparatus in WiliRh the apparatus for detecting the 37 1 Qctober 2004
step-out in the synchronous notor according to this invention is packaged.
By packaging the apparatus for detecting the step-out in 'the fan notor
drive, it is possible to solve the problem e.g., a noise of the fan

motor, vibrations ofidiitfiafudesRladithe dRARARShIkHORLATEY e EBYPR shEAd T Or

the rotor of the notor, and a damage in a sem con tor élenen
inverter appanafijgtidbeit th G RRSed urrent, arisi t he
st ep-out conti nues. g\ccor |ﬁ‘érft§m§ re(fe:sggowe]gtro féflegg}tgl"%:byatﬁ% WIsf%le
air condition i paratus.for,detectj.n tep-out in a
synchr onous rrgegglafﬂg% ?o ;:g i%r‘i. é@%“ﬁﬁﬂﬁn %ﬁtﬁiﬁwef ReREL ah‘)‘g LR% rtz.‘rﬁ"t INY&¥ €t or
for detecting a ﬁugrent suEgii eq to the,sgfggrpﬁono S notor, a_ d-
coordi nate cofPRFPErT fr SWBRGY ¢ itAgPLocessin $i ghdsrypesingedn hgbrogmal
current detector into an exciting current conponent (d axis current) and a
torque currenCoREAoHn R detgction of thastaneyt is derminptestinatinegmelicorghition due
conponent detector for obtaining alternating current conponents of d-q
axes currents ‘dibaistRadonly dhorgcessigoP PP of deromabingdn, nemhl @nditin; dhé
detector for detecting a step-out by conparing at |east one of alternating
current conpodépressipgs pfidetéctingils stepraus ars temtihatedinache el whididonst ep- out
| evel signal. Therefore, the step-out can be detected accurately in a
sinmplified configuration. Further, it is possible to prevent
demagneti zation of the magnet in the rotor or a danmage in the swtching
devices in the inveWian the direct current brushless motor is driven, if the output voltage
is not enough to maintain the synchronous operation, the synchronous
operation can not be maintained, and the step-out occurs. Therefore, it is
possible to detect the step-out by monitoring the out voltage level. It is
possible to detect the step-out by the operation illustrated in Embodiment 2.
The scalar |Vx*| of the output voltage vector changes according to an
operation condition. Therefore, the step-out detection level V_Error Level

ought to be set according to the operation condition.

As stated, the step-out in the direct current brushless motor is detected
by detecting the difference in the scalar [Vx*| of the outpui voltage vector
between the normal syﬁchronous operation and the step-out. Therefore, the
step-out can be detected according to this method more accurately than the
‘method for detecting the step-out based on the overcurrent state according to

the related art.
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main circuit due to an increase in the current, arising V\/neri (SQSbe'?%g&iO“t
state <continues. Further, it is also possible to prevent a noise an

vi brations of the synchronous notor arising when the step-out state
continues. The apparatus for detecting a step-out in a synchronous notor 38
1 Oct ober 2004 according to this invention includes a current detector for
detecting a current supplied to the synchronous notor, a d-qg coordinate
converter for convesficBGhe varidleMsed it 8kl FRLRI"ES Wﬁq&@%oﬂé&%%&mﬂ&ﬁ&d or
into an exciting current conponent (d axis curﬁent) and a torque current
conponent (q 1 LT i cur C opent , det.ect.or for
obt ai ni ng al tgﬂ%tsﬁ}n{gthgg}rl %%rﬁ%ncoélgkﬁ}ralge%enlss‘{]%fl ' %%e%gég%s%gﬁerE.emdsucggtvgﬁtﬁga by
the d-q coordin tetcon%/erter an altepnati Qﬂ current (%or’rRonent ver agi ng
unit for aver SYTFREITHhE At BPHRSGEHAYe (HERGR HHOREYSESIES Ton deteeting she stap-
currents by obt ai ni pone of an effective value and an averaged absol ute
val ue of the QPPé%ggFHBp ¢d-ent conponents of the d-q axes currents
obtained by the alternating current conponent detector, and a step-out
detector for detecting a step-out by conparing at |east one of the
effective value and the averaged absolute value of the alternating current
conponents of the dinEmbedioemtehtandoBndiodadeinty 2t bt thilst Brventiong thel rdisstt
conponent averaging unit with . a predeterm ned step-out |evel signal.

Ther ef ore, t heusteap-lorushlean meorlét @itead aacalesiraple ofhtlee symghrofiowsd motor.
configuration. Further, since the averaged values are used for detecting,
an error in déi@edvendit it ReedleePtosdy thig 4 Sindildr dffdctiahn B8 redlized By dsiy gue
of the synchronous notor or a fluctuation in a voltage can be prevent ed.
Further, it |sadepsSiille 4P P pMeMnerithen 0B@idh#ahd RN Mbtol, N & yRBERGLuLD
the rotor of the synchronous notor and the damage in the sw tching devices

in the invert gelyfBdite thotol! dndiGitdibd reluctance motor.

A compressor drive of a refrigerator and an air conditioner can be given
as exgmples of an apparatus in which the apparatus for detecting the step-out
in the synchronous motor according to this invention is packaged. By
packaging the apparatus for detecting the step-out in the compressor drive, it
is possible to solve the problems arising when the step-out continues, e.g., a
noise of the compressor, a damage in a cooling pipe due to vibrations of the
compressor, demagnetization of the magnet used for the rotor of the motor, and
a damage in a semiconductor ele::ﬁent of the inverter apparatus due to an
increase in the current. Accordingly, a reliable refrigerator and a reliable air

conditioner can be realized.

A fan motor drive of the refrigerator and the air conditioner can be

given as examples of an apparatus in which the apparatus for detecting the
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increase in the current, arising when the step-out state contd 9
Further, it 1is also possible to prevent a noise and vi bratio%éswtg% to%
synchronous notor arising when the step-out state continues. The apparatus
for detecting a step-out in a synchronous notor 39 | Cctober 2004 f

cccording Lo g hH7A SRChRELAISR SR 1T BT el SELEET S

current supplied tot ronous not or,

converting a nt. signal obtaned by the current detector into an
exciting curr eﬁéﬁﬁ{a%&%%ﬁ%rﬁpafﬁtuﬁgj% SEWF'%{EW e 858 -oxttiin the dar protendrivenbdnent
(q axis current ail curreqt@xdi {erence calculator for calculating a

di fference betRfsathle frsdivethearobleny e -&ne sows 0l etanppotonevibivati ersed the fan
converter and command val ues of the d-q axes currents, a current

di fference al t@pPHat Aegagngtizationcefnifermagnetetest fir therrotaetfettic mgtor, and a
alternating current conponents in the difference about the d-q axes
currents obt ai ®ardagy inhe seuricemtucttirf tlanemt eoft dha thedr®ds, apPshadusStRR @ Un
detector for detecting a step-out by conparing at |east one of the

al ternating cumcessse indipanerdst afsihbevkid tles sRELANAMEINLRE JAG MBSy a
currents obtained by the current difference alternating current co%?rénent

det ect or Wit h wliableagiigsratsioshdh @8lishlb al: kit AR bEf}géﬁée%{ & the
step-out can be detected accurately in a sinplified configuration.
Further, it is possible to prevent the denmagnetization of the magnet in

the rotor or the damage in the switching devices in the inverter main.
cont i nues. Further, 05 apzpds B el Attt IR [ ReRoERatYs phstirons
of the synchr apous, IPtenid ihFldishn 18N ddlS si805P i teatod ¥5r d&%@%@ & current
supplied to the synchronous motor, a d-q coordinate converter for converting a
current signal obtained by the current detector into an exciting current
component (d axis current) and a torque current component (q axis current), an
alternating current component detector for obtaining alternating current
components of d-q axes currents obtained by the d-q coordinate converter, and
' a step-out detector for detecting a step-out by comparing at least one of
alternating current components of the d-q axes currents with a predetermined
step-out level signal. Therefore, the step-out can be detected accﬁrately ina
simplified configuration. Further, it is possible to prevent demagnetization of
the magnet in the rotor or a damage in the switching devices in the invertel.'
main circuit due to an increase in the current, arising when the step-out state
continues. Further, it is also possible to preveat a noise and vibrations of the

synchronous motor arising when the step-out state continues.

The‘ apparatus for detecting a step-out in a synchronous motor
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The apparatus for detecting the step-out in the synchronouslrﬂpét(g)tger 004
according to this invention can inprove an accuracy in detecting t%e
step-out as only a particular frequency conponent is detected when
alternating current conponents are detected fromthe d-q axes currents. 40

1 Cctober 2004cdd@imPRAAS tsveh@ondatREbs B%ub RSt He8Rt or PRtddifnSY RGRQROUS

notor according to this invention can | nprove an accuracy In detecting the

step-out as LiienRal td i oSS IEof WRYNSHLaih Sredob L BIUPREY L LR AT

high as a frequency of a-voltage outp m I'nverter  appar

apparatus for detecti.ng .thg, step-out, in the synchronous notor,  according to
this inventi oﬁu@:’fﬁgiﬁg&?}vggﬁ'ﬁn%‘ﬁ&fr itl?ﬁ/ GUr et é@?&ﬁﬁ ltniﬁ% W SFCHINE cHIregy a
particul ar frequency canponent i% dgt ected when alternating current
conmponent s ar OMPPREREE FHHEHI AR GRAROBHECUI B CoOpPINgNt (308 CBtReRBnes.
The apparatus for detecting the step-out in the synchronous notor

accordi ng to talfesnaEng ireentc apmpenrendt defgetost - ehfeining haliermatinen fouwende
from the fluctuation in the load torque and the direct current voltage as
the step-out cdmpenentsofldyeixes onpantdoiatied: hetley drageddinate eomfertdrean
alternating current conponent of the q axis current is approximtely 200%

of a rating culteenating cuiteat ymplonemiousemiging unithier apptagingthe citadabdagi ng
the step-out in the synchronous notor according to this invention can

detect the steurht doshpol6nRad the dq\Bled@utdentd by obtaety bhe af W8l &fdctive0f a
normal operation imediately after starting when it is difficult to detect

the step-out Gidiud8ndah A¥erleQGbbNutOVAMub 0P thel AeerPRARREFur Ferlt RoniHoh Efts! 019
the step-out in the synchronous notor according to this invention can

detect the steqReQuj ak¥s ABLEAETRNRA IS 6 ¥ Mating current component detector,
and a step-out detector for detecting a step-out by comp aring at least one of the
effective value and the averaged absolute value of the alternating current
components of the d-q axes currents obtained by the alternating current
component averaging .unit with a predetermined step-out level signal.
Therefore, the step-out can be detected accurately in a simplified configuration.
Further, since the averaged values are used for detecting, an error in detecting
the step-out due to a fluctuation in a lord torque of the synchronous motor or a
fluctuation in a voltage can be prevented. Further, it is possible to prevent
the demagnetization of the magnet in the rotor of the synchronous motor and
the damage in the switching devices in the inverter main circuit due an
increase in the current, arising when the step-out state continues. Further, it
is also possible to prevent a noise and vibrations of the synchronous motor

arising when the step-out state continues.

The apparatus for detecting a step-out in a synchronous motor
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operation w thout increasing or reducing a velocity of the SyhelLPOYS
notor 41 1 COctober 2004 when there is a possibility of an error in
detecting the step-out by increasing or reducing the velocity of the
synchronous notor. The apparatus for detecting a step-out in a synchronous
motor according to this invention includes a current detector for
detecting a cuAESHNE &, ppsilawention msluglea shewmenisdatector foradetectipmit cuotdiage
command cal cul ator for cal cul ati ng output voltage conmand val ues applied
to the synchr onondedbe tie stradwohans moura dnyf cowrdinate ahivaitee dorboriveaicgar ent
detector, an output voltage vector calculator for cal cul ati ng an out put

vol t age vect orcuresgdsignal hbtaitedly thol fagentc asteeng MabUSs @@Itﬁié‘%%@%ﬁtt he
out put voltage command cal cul ator, an output voltage error detector for

conparing a scahioneht (hexi9ehmehtVald §g§*‘rqu\égcﬁ§fé&xt Q%%bﬂéﬁe’ﬁ {E{yaﬁi? 81.18%%1@;%10“ )

vol tage vector calculator with a step-out etection lev and a

detector for QkRGHdFeRnsh eRrclioD i oSyl i optai ned by
t he output voltage error detector. %ﬁgcgle%g%%}g gﬁﬁ%&rse@%g%% ee@a%eb‘g'qc@te@ct ed
accurately in a.sinolifi Lauration. Further it i's,possible to
prevent the denggéﬁle iOlz)g iﬁg%%gf eﬂ&eqﬁ%xﬁgectonmf’t%gn‘#(’}%ﬁm?ﬂdg es Of tha dbtous
notor and the Ip the swtching deyices.in the inverter main circuit
due to an incrag%gggﬁﬁn&ng %F?Dérfﬁ,&leﬁe&’icgi TGRS I eRt equpRpens detestor for
conti nues. Fur%ﬁher it. is also possible to prevent_a noise and vibrations
of the synchrihEiReHGPabRE SupenlycamPeRentstinshe ditfereare abor theubg axas

nmet hod for detecting g step-out in a synchronous notor according to this

i nvent i on i nclYaentE abtagnad by the evyrgnt differense edeudatornandia sten-ewt dsteppki ed
to the synchrgonoys motor, d-qg coordinate converting step for converting a
current si gnalfobBetering g stepuiuit diyt carenaging ay letse pne nf dharmliexsatingguerentent
components in the difference about the d-q axes currents obtained by the
current difference alternating current component detector with a
predetermined step-out level signal. Therefore, the step-out can be-detected
accurately in a simplified configuration. Further, it is possible to prevent the
demagnetization of the magnet in the rotor or the damage in the switch.{ng
devices in the inverter main circuit due an increase in the current, arising
when the step-out state continues. Further, it is also possible to prevent a

noise and vibrations of the synchronous motor arising when the step-out state

continues.

The apparatus for detecting the step-out in the synchronous motor
according to this invention can improve an accuracy in detecting the step-out
as only a particular frequency component is detected when alternating current

components are detected from the d-q axes currents.
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42 1 Cctober 2004 conponent (d axis current) and a torque quécﬁ%er ggponent
(g axis current), alternating current conponent detecting step fof
obtaining alternating current conponents of d-q axes currents obtained in
d-qg coordi nate converting step, and step-out detecting step for detecting
a step-out by conparing at |east one of alternating current conponents of
the d-gq axes currentlheolypiratt for detetidfipahe N@ercbit eMtthe RRREMoudeh8EH NI
step with a predeterm ned step-out |evel signal. Therefore, the step-out

can be det ect efhcarlins 8 €hi¥ ihPertici PR idhi o5l ol L dud S
possi ble to prevent %he demagnet i zg%ﬂi gﬁbﬁﬁet%emcﬁgﬁth ?én&%‘ﬁgé %%%%trepaér}l t he
damage, in th i ke i I i rtereo main circuit due an

i ncrease in tﬁaess‘g%ér ;Hea%?gllg?;%ﬁ?%n\?\ﬁegﬁﬂ&ﬁggfs{ éép?aogteﬁg%lg Yet“%cgn?? ﬂﬂglé as a
Further, it i i r event noi se and vibrations of the
synchr onous rmsfFo éeglrc'?gf%ggkﬁ%%g‘fﬁé‘%gﬁogbtl?eoﬁ]tve’étle’éﬁ‘gp?:rc?rti??‘nues. The net hod
for detecting a step-out in a synchronous notor according to this
invention includes current detecting step for detecting a current supplied
to the synchronous q’ﬁt@m’ -g cqordinate converting step for converting a
current signal obta'R€deRRRTatks fat defeeting ithe stereput in dharsyaxbianong moterr ent
conponent (d axis current) and a torque current conponent (g axis

current), al t ecAenrding te this davensimmesnehnpdve oot aoyratyep dejectong habteg-out
alternating current conmponents of d-q axes currents obtained in d-q
coordinate covady engritelar feequencatommgpnent ieddétecndpdeil t@vatiagicagrsite P
for averaging the alternating current conponents of the d-q axes currents
by obt ai ni ng cempehentrarefdetetéd romafhealifforbnas abyel theallq aReobwirentsal ue of
the alternating current conmponents of the d-q axes currents obtained in
alternating current conponent detecting step and step-out detecting step
for detecting a step-out by

The apparatus for detecting the step-out in the synchronous motor

according to this invgntion can detect the step-out without an influence from
thé fluctuation in the load torque and the direct current voltage as the step-out
detection level compared with the averaged value of the alternating current
component of the q axis current is approximately 200% of a rating current of

the synchronous motor.

The apparatus for detecting the step-out in the synchronous motor
according to this invention can detect the step-out by incréasing a velocity till
reaching a velocity of a normal operation immediately after starting when it is

difficult to detect the step-out‘ during a low velocity rotation.

The appératus for detecting the step-out in the synchronous motor .
according to this invention can detect the step-out by performing a detection

opgraﬁon without increasing or reducing a velocity of the synchronous motor
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43 1 Cctober 2004 conparing at |east one of the effective vqlg@to %b}ge
averaged absolute value of the alternating current conponents of the d-q
axes currents obtained in alternating current conponent averaging step
with a predeterm ned step-out |evel signal. Therefore, the step-out can be
det ected accur bk i@ oS bl l.gurat l.on,., Further,. since the
aver aged val ue?hgbghs%elg a}f‘d oogpigg{tg?? ﬁﬂ%?mér%glﬂgr%r%@%it%egéetpé Y GCFRSIMERE out
due to a fluct ' ' d.torque.or a voltage can be prevented.
Further, it isP%%ds?y 1}%‘t%(l)(lcgtrrye[{;éﬁ?gm&‘r%?}b?dﬁ@iofazation of the magnet in
the rotor or the damage in the switching devices in the inverter main
circuit due to an increase in the current, arising when the step-out state
continues. Further, jt is also possible to prevent a noise and vibrations
of the synchronous Thit @pparatanipratetecting et sfspomt Bt at esynohtdnouesmolde
met hod for detecting a step-out in a synchronous notor according to this

i nvention i ncl aeferdiagrte dhis ingentdon imgudasep churentidetector for deteutingnl current
supplied to the synchronous notor, d-q coordinate converting step for
converting a csuprdied ®itheayndbioabaethdtor, aura@pat deltass donemah8RalcBlRoRfor
exciting current conmponent (d axis current) and a torque current conponent

(q axis curreedlpylatingrovdpuitidlieeddan Sl ¢ulvdl i Ylisd 8P thé Qj}mﬁﬁ'gﬁbﬂsaﬁlio&& a
|

difference between the d-q axes currents obtained in d-q coordinate

converting stepasdthn §QUFRAY sV @BtRhed B Jﬁé Qukh? detdeldtN bR oufilf Filiace
difference alternating current conponent detecting step for obtai hi

Currents obt ai er) s RRA TSR oo el E ol PR b e B e

currents obtained in current nce c ng

detecting st epvJIPJ%ed&hﬁﬁBﬁ@grai@essotb?ﬁ%l%H}ny&Qeéroéﬁgnﬁ g@g%gea%qéﬁgi oo e(t)t]:)r,t he

alternating current conponents int
currents obtaigg gu%ht%ﬁ{a%gtergérf ée%a&% for comparing a scalar of the output voltage

vector obtained by the oufput voltage vector calculator with a step-out
detection level, and a step-out detector for detecting a step-out based on a

| coﬁparison result obtained by the output voltage error detector. Therefore,
the step-out can be detécted accurately in a simplified configuration. Further,
it is possible to prevent the demagnetization of the magnet in the rotor of the
synchronous motor and the damage in the switching devices in the inverter
main circuit due to an increase in the current, arising when the step-oﬁt state
continues. Further, it is also possible to prevent a noise and vibrations of the

syachronous motor arlsmg when the step-out state continues.

A method for detecting a step-out in a synchronous motor according to
this invention includes current detecting step for detecting a current supplied
to the synchronous motor, d-q coordinate converting step for converting a

current signal obtained in current detecting step into an exciting current
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44 1 Cctober 2004 alternating current conponent detecting step.¥bd:Boda
predeterm ned step-out |evel signal. Therefore, the step-out can be
detected accurately in a sinplified configuration. Further, it is possible
to prevent the demagnetization of the magnet in the. rotor or the danage

in the swtchiggn, @Ryl ' ' r i jrcuit due to_an increase
in the current, a??%i Eggsd\}%é;%&l{gﬁ%ﬂ) % gp% g%rtqqgtcaf Igenéocr?mpr?&gg? t((ﬁ&ﬂsh(é‘}r}'eﬁ 'is
al so possible r e noi se ngd vibrations of the synchronous notor
ari si ﬁg when t%lgelg'tag%l- ou ﬁa&&?’@“@ﬂﬁt%ﬁ%’&g #ﬁ%?%&%ﬁ@&%e*ﬁa@t@aa HYTene
step-out in the s nchronPHs motor according.to this invention can inprove
an accuracy i nCORYBEREHGL Ok axesepeRts obdameringd gaeqordinage conerrtimgostep,
conponent is detected when alternating current conponents are detected
fromthe d-q a3®dsiegrquddetectingstepdon deterang aeterconty tdapsting abldast mé 6
synchronous notor according to this invention can inprove an accuracy in

det ecting the slfeqpadine casrenheceapoiands aof ftheqdencyxaormeraits bbtamed in
frequency twice as high as a frequency of a voltage output fromthe

i nverter apparafesatiigecursdtognippnetetentiing stéie vitlea- PeleiddntiB8d step-out
synchronous notor according to this invention can inprove an accuracy In

detecting the kvelsigwdl. Therstbns, thelRbpbatbA! b HORLRACH GRITBRAS il
detected when alternating current conponents are det egte roﬁ?l}t@hﬁed

di fference of ddaBigtrkick eFGYREEN & pdiHIDe r dilAioh
step-out in the s;ggchr onous not or 45p 1 1O(:t o%gr%g%gfhgc%%gﬁg gmflh?efsthe
invention, themgkeer ﬁluiéhecﬁﬁopgnéltﬁ@ﬁﬁm%%é%ttﬁg s%\t,c%%ﬁ'é d8%ices in the inverter

main circuit due an increase in the current, arising when the step-out state

continues. Further, if is also possible to prevent a noise and vibrations of the

synchronous motor arising when the step-out state continues.

The method for detecting a step-out in a synchfonous motor according
to this invention includes current detecting steﬁ for detecting a current
supplied to the synchronous motor, d-q coordinate converﬁng step for
converting a current signél obtainedin current detecting step into an exciting
current component {(d axis current) and a torque current componeﬁt (q axis
current), alternating current component detecting step for obtaining
alternating current components of d-q axes currents obtained in d-q coordinate
converting step, alternating current component averaging step for averaging
the alternating current components of the d-q axes currents by obtaining one of
an effective value and an averaged absolute value of the alternating current
components of the d-q axes currents obtained in alternating current component

detecting step and step-out detecting step for detecting a step-out by
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i nfluence fromthe fluctuation in the |oad torque and the difggh,d ggbéggnt
voltage as the step-out detection |evel conpared with the averaged val
of the alternating current conponent of the q axis current is

approxi mately 200%of a rating current of the synchronous notor. In the

met hod for det@eiparing Micleatiafroufihé eff&daﬁrewnfefmmiésam{:g&d al?sﬁﬁ% éf"

this invention, the step-out can be always detected w thout an ence

from the f1uct@ial bRBrdtirgeuhfd dafAHEAn: the LT &ek &gggﬁ{‘sna%%j%c?d&t

the step-out is detected by increasi ng ocity"t

of a normal ' er _startin it is difficult to
det ect the s%ggérgtﬁ%ﬂ u@%qéﬁ#@oxe@ qr??nlgos[tgq g’&ﬁ{]amt"@ﬂ@rm geepout
det ecti ng- g nchronous cording to this_

i nventi on, thgei%l %%Bgt iﬁe‘a’ ?rgcﬁﬁ’o‘gf’)@/ OBE?QF’O'P‘?#%“& Retwatelyan agimplifiedn
wi t hout i ncr eas; I’edlﬁ) rlé?a vel 00|ty of the_synchronous notor when
there is a pos¥ F‘i Tof KHTRSY, gince theaveregpd yaluss arearseddor dytdctingeani ng
or reducing the vel 00|ty of the synchronous notor. The nethod for
detecting a st@&peroiH thtal%t}mwemﬁwéum@ﬂummmm@lord)tdrlqus ok ASM§alzen

I ncl udes current detectlng step for detecting a current supplied to the

synchronous no®@drbe mreventedy oF uether, dhispmasibleao pubwint e 860Ren @t dihat | ng
out put vol tage command val ues applied to the synchronous. notor based on a

current signalmagnetiinethd rotorior ¢he ddeiRetinntheSiwichi@ptditices gl ﬁk%gﬁw\éﬁ@ror
cal culating step for calculating an output voltage vector based 4

Cct ober 2004 anainherautit @i td/@ﬁﬁﬁ@eamecéumw%ﬁﬂwﬁb?dthe%eﬁlo%%;tate
vol tage command cal culating step, output voltage error detect ep for

conparing a sephfihued. Fdieh&'ifiealseP dsdB HSRePEnCLhA0 el d bt RLlr YLt age

vector calculating step
synchronous motor arising when the step-out state continues.

The method for detecting a step-out in a synchronous motor according
to this invention i;lcludes current -detecting step for detecting a current
supplied to the synchl.;onous motor, d-q coordinate converting step for
converting a current signal obtained in current detecting step into an exciting
current component (d axis current) and a torque current component (g axis
current), current difference caleulating step for calculating a difference
between the d-q axes currents obtained in d-q coordinate copvérting step and
command values of the d-q axes currents, current difference ‘alternating
current component detecting step for obtaining alternating current
components in the difference about the d—q axes currents obtained in current
difference calculating step, and step-out detecting step for detecting a step-out
by comparing at least one of the alternating current components in the

difference about the d-q axes currents obtained in current difference
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wWith a step-out detection |evel, and step-out detecting step Cﬁﬁbe‘?%@?“ ng
a step-out based on a conparison result obtained in output voltagé error
detecting step. Therefore, the step-out can be detected accurately in a
sinmplified configuration. Further, it is possible to prevent the

demagneti zatio he magnet in the rofor. and the .damage in the swtching
devi ces in thegllt%é"trh’ltﬁgrcuﬁa? WHPPEL fete E?%égeé’ it ﬁé’rgg‘%ﬁe&‘ﬁp}ed&ﬁﬁegr%@
when t he ste\;%-oulf’jl s%}%ie coptinues. Further, it is also possible to prevent
a noise and ViIBPatiBe of tpeeletmcHicodtirsoHoedr b idsteriedinrasuratelys inpaout
state continues. A drive of a dosed conpressor according to this invention,
by packaging $H¥lfiedar eendigurationdet edturtleprt hét sisspposaiblen tohepsgvenbr dheus
nmotor of Clains 1- 10 can solve the problem e.g., a noise of the
conpressor, a demeagretizatiancddhiengagmitpe theerdtar wi thadanagedh tHeeswitching
conpressor, demagnetization of the magnet used for the rotor of the notor,
and a damege i devacesan herdveatier maie oRokit duetthon bkt ¢4 tAPRALBNYSa:dME et O
an increase in the current, arising when the step-out continues.

Accordingly, awhehithblstey-6ht 5388 AbHn@Rd Tub@lek3Rlis A Ak bl n be
realized. A drive of a f%n not or accor di ngutoet his1 ia%%/ilr)\?%gé\i,b “]Bﬁs%a%‘k‘g%i ng

the appar at uspfies afl@tanhtioes b eSLARRAMbul ﬁok&eaﬁéﬁﬂg]t%l?%gﬂfea%%%{%gate

Claims 1- 10 can solve the. problém e.g., a noise

vibrations of the..eonpressor, demagnetization of the magnet used for the
rotor of the nmotor, and 47 1 Cctober 2004 a danmge in a sem conduct or

el enrent of the inverter apparatus due to an increase in the current

ari sing when the step-out continues. Accordingly, a reliable refrigerator

and a reliable air ndi tioner, can be realized. Having thus _described

several particul ar omeﬁg?ffgo’bf‘feﬁﬁg'qgn tStegout 1n the synchronous motor
according to this invention can improve an accuracy in detecting the step-out
as only a particular frequency component is detected when alternating current

components are detected from the d-q axes currents. |

The method for detecting the step-out in the synchronous motor
according to this invention can improve an accuracy in detecting the step-out
as the particular frequency component is a frequency twice as high as a

frequency of a voltage output from the inverter apparatus.

The method for detecting the step-out in the synchronous motor
according to this invention can improve an accuracy in detecting the step-out
as only a particular frequency component is detected when alternating current

components are detected from the difference of the d-q axes currents.

In the method for detecting the step-out in the synchronous motor
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various alterations, nodifications, and i nprovenents wll. rlef%(qjﬂgéfz%‘gur to
those skilled in the art. Such alterations, nodifications, and I nprovenents
are intended to be part of this disclosure, and are intended to be within
the spirit and scope of the invention. Accordingly, the foregoing
description is by ..way of. exanple only and is limted only as defjned in
the fol |l owi ng %Fé’idﬁ’ég éﬂcf'LlSt ngﬂﬂpv&%ﬂtteg‘quﬁé?a&‘ﬁﬁ a—ﬁ%"}is ¢etestsdr without an
CLAIMS: 1. An apparatus for_ detecting a step-out in a synchronous notor in
an inverter appipgpesirpwythgdlnstwetionian thedesd gﬂéﬂ% apdthe digechourenisyoitpge
positioning sensor for detecting a position of a rotor conprising: a
current det ectasr therstepout tdeteptianclavebrompapgl ivath tthet imerayed habioo wé thet or ;
a d-q coordinate converter for converting a current signal obtained by the

current det ectalternatinganrmnticbmponaitiof ¢hd q aeiiparedt 1§ dppeokmatHly 800% ofaNd a
torque current conponent (q axis current); an alternating current conponent’

detector for obtidgtivigerdt dfehs sindheonsildhefdt. conponents of d-q axes currents
obtained by the d-q coordinate converter; and a step-out detector for

detecting a step-out by conparing at |east one of alternating current
components of the d-q axes currents with a predeterm ned step-out |evel

T o o 4 gl N MBEGE 42 U B
posi ti pni N9 Sea%%&rdil];é) "to qg}selcl}vieﬂ 01611, OeSisit,[eip%rllltOJan &9 v%yscg%gtie%li wnﬂilout an
influence from the fluctuation in the load torque and the direct current voltage
as the Astep-out is detected by increasing a velocity till reaching a velocity of a
normal operation immediately after starting when it is difficult to detect the

step-out during a low velocity rotation.

In the method for detecting-the step-out in the synchronous motor
according to this invention, the step-out ié detected by performing a detection
operation without increasing or reducing a velocity of the synchronous motor
when there is a possibility of an error in detecting tile step-out by increasing or

reducing the velocity of the synchronous motor.

The method for detecting a step-out in a synchronous motor according
to this invention includes current detecting step for detecting a current
supplied to the synchronous motor, output voltage command calculatiﬂ;g: :step
for calculating output voltage command valueé applied to the synchronous.

" motor based on a current signal obtained in current detecting step, output

voltage vector calculating step for calculating an output voltage vector based

46



a current detector for detecting a current supplied to the syhghtQnReys
notor; a d-qg coordi nate converter for converting a current signal obtained
by the current detector into an exciting current conponent (d axis current)
and a torque current conponent (q axis current); 49 1 Cctober 2004 an

al ternating Cuyi gl o&QRROREAEe ehRTARL Véeres %Bﬁ]%hﬁgi_ Y Oat#r@ir ﬂﬁdg&%onﬁﬂﬁﬁﬁgﬁ _

conponents of d-q axes currents obtained by t g co conver

an alternatin t. averagdi L.t faor averaging the

2l tornating oy anpiile sGRTBAHERN yolags Wk Wilting R RSP Sfhe Arerlsmafe o
an effective val ue and an averaged, ahsolute value .of the alternatjing
current corrpc};ﬁgn Wy VPﬁgg%F&&gﬁé@?%ﬁ? &R R WelkRgs BRPteTh éﬂr;][aé‘ﬁﬁa‘{tleﬂg
current conponent detector; and a step-qut detector for detecting a

step-out by coffi¥ar# eyl datectigndevels apfcsten-put dpiasting) step £oy debeetimgenaged
absol ute value of the alternating current conponents of the d-qg axes
currents obt aisterrony hasedapn ed reaninsgisonuresaht obtsipeshdnt owtpat avilbageuritorwi t h
a predeterm ned step-out |evel signal. 3. An apparatus for detecting a
step-out in a defedinpmées nBherefire, the stapent emnappadatetedf adcuditeld ig hhe
synchronous notor wi thout using a positioning sensor for detecting a

position of a simphifiedongnfigupgtionn curfasherdetecior phasibldet RCt pRGredt CYhEENt

supplied to the synchronous notor; a d-q coordinate converter for

converting a cddpig@itetBatioalof ARt A0kt in the rotor and the damage in the switching
devices in the inverter main due to an increase in the current, arising when the

step-out state continues. Further, it is also possible to prevent a noise and

vibrations of the synchronous motor arising when the step-out state continues.

A drive of a closed compressor according to this invention, by packaging
the apparatus for detecting the step-out in the synchronous motor of Claims 1 -
10 can solve the problem, e.g., a noise of the compressor, a damage in a cooling
pipe due to vibrations of the compressor, demagﬁetization of the magnet used
for the rotor of the motor, and a damage in a semicoqductor element of the
inverter apparatus due tt; an increase in the current, arising when the step-out
continues. Accordingly, a reliable refrigerator and a reliable air conditioner

can be realized.

A drive of a fan motor according to this invention, by packaging the
apparatus for detecting the step-out in the synchronous motor of Claims 1 - 10
can solve the problem, e.g., a noise of the fan motor, vibrations of the

‘compressor, demagnetization of the magnet used for the rotor of the motor, and
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by the current detector into an exciting current conponent (q?ﬁé&ﬁzﬁﬁire”t)
and a torque current conponent (q axis current); a current &i erence
calculator for calculating a difference between the d-g axes currents
obtained by the d-q axes converter and command val ues of the d-qg axes
currents; 50 1 Cctober 2004 a current difference alternating current

conmponent detector for. detecting alternating current conponents in the

di fference abo%td%edlpqaai?ggcorﬁﬂﬂp}?@n? mSB!P é’?ﬁga A aﬂﬁ?"rﬂzﬁf dier e MBnce
calculator; and a step-out detector for detecting a step-out by cQnparing
at |east one BFreage lawﬁeﬁfalarzqnﬁgarbws arhencippsaRii cpRtiwes. gjfrcerdngly, about
the d-q axes currents obtained by the current difference alternating
current conporrshablesbageratongndha zelipbdelabraonilitiones capbongalizedel signal . 4.
The apparatus for detecting the step-out in the synchronous notor of
Clains 1 or 2, wher &avimpilyusadgsaribed sevaralfireetioeiac pmbodioerestof tlse indendon ed
when alternating current conponents are detected fromthe d-q axes
currents. 5. Thaiappalteddifonkomdifietionsg andeinspopenhts will eadilp cdocandus
notor of Claim4, wherein the particular frequency conponent is a

frequency tw c@ods sRillRd @Stk A¥tedBAFE YltefatPorsO i @ERcR1tnRY bnd iBPrbfinents
inverter apparatus. 6. The apparatus for detecting the step-out in the

synchr onous %Ie%té}{dc?@' 3 58 ﬁFrttV\(S}eﬂhi% Riseidsdre? A dreCinbdefd RIS Widhin the

conponent is detected when alternating current conponents are detected

fromthe diffel8naRa2RGHY of (AS iHlvEhPiES AMEIERS, the foregoing description is by

way of example only and is limited only as defined in the following claims and

the equivalents thereto.
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7. The apparatus for detecting the step-out in the synchr onqqﬁcmggpb@m of
Claim2, wherein the step-out detection |evel conpared with the averaged
values of the alternating current conponent of the g axis current is
approximately 200% of a rating current of the synchronous notor. 8. The
apparatus for detecting the step-out in the synchronous notor of one of
Clains 1 - 3, wherein the step-out is detected by increasing a velocity
till reachi n@LAIMSocity of a normal operation immediately after 51 1

Oct ober 2004 starting when it is difficult to detect the step-out during a

low vel ocity rotaji oy aépar'&ﬂ% ﬁ?ﬁﬁ&@étﬂ%?,i QfepdSiitcinl 4 SPndREnSiSRoBs id N t he

synchronous notor of one of Clains 1 - erein the step-out is detected

wi t hout inc j (o] [ .vel ogi t S . when
there is a ‘{ggg@l’%ﬂ %@aggﬁgnﬂ’gr@ﬁﬁﬁnﬁ{ﬁe?%cfhfé’g Sh}e&ﬂ)(si&g‘a%%tbr{%ﬁ? & easi ng
or reducing the. velocit f the synchropous_ notor. 10..The apparatus for
det ecti ng thléoss!F%‘bl-n&ﬁenF‘?\;f &@&%&HPSM@%‘B 8f 2 1gor QOMNHSIAg 3,
conprising: an output voltage conmand cal cul ator for_ cal cul ati ng out put

vol tage comand vaPuaentgaiester fargateding aenrenbipphisdde thaswmehsaneuscur r ent
signal obtained by the current detector; an output voltage vector

cal cul at or fmotaral cul ati ng an out put voltage vector based on the output
vol t age conmmand val ues obtai ned by the out put voltage command cal cul at or;

an output voltage @Rit@rcodﬁiiﬁﬁttcoéorfv@i‘teﬁQ‘Bﬁ@bhﬂﬁi‘tiﬁg%@hﬁémoéifghﬂleoma!iriﬁ&
vol t age vector obtained by the output voltage vector calculator with a
step- by the current detector into an exciting current component (d axis current)
and a torque current component (q axis current);
an alternating current component detector for obtaining alternating
current components of d-q axes currents obtained by the d-q coordinate
converter; and
a step-out detector for detecting a step-out by comparing at least one
of alternating current components of the d-q axes currents with a
predetermined step-out level signal.
2. An apparatus for detecting a step-out in a synchronous motor in
an inverter apparatus for driving the synchronous motor without using a
positioning sensor for detecting a position of a rotor comprising:
a current detector for detecting a current supplied to the synchronous
motor;
a d-q coordinate converter for converting a current signal obtained

by the current detector into an exciting current component {d axis current)

and a torque current component (q axis current);
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out detection |evel; and wherein the step-out detector detegtS§.s,5HBHs Out
based on a conparison result obtained by the output voltage error
detector. 11. A nethod for detecting a step-out in a synchronous notor in
an inverter apparatus for driving the synchronous notor w thout using a
positioning sensor for detecting a position of a rotor conprising: current
detecting step for detecting a current supplied to the synchronous notor;
52 1 Cctober 2004 sh gltenmtiohignarectarongpdneny detepof for cbtausng ialgreatmg r ent
signal obtained in current detecting step into an exciting current

conponent ( degprésst c§1‘ﬁbbﬁéﬁt}4 @nd- @ axef QiPrepid ro%tﬁmé@"ﬂ?ﬁﬂ%“d-ﬁ%@fﬂﬁlate
current); alternating current conponent detecting stép for obtaining

alternating g . conponents of d-g axes currents obtained in d-q
coor di nat e conver hg step, and step-out detecting step for detecting a

t t b t f alt ti { t f
the d-g axésCﬁﬂ??ééé‘%ltsmaaﬁ%iauw@%c?w?m{“Sera'céiﬁgéq‘ﬁl I AU G Bt i ng

step with a predeterm ned step-out |evel, signa A net hod for
det ecting a siepating cupent §9W@ﬁ¥1%ﬁlf§d>§ thetdod axgs &Hrrenm pblainingona 05 f or
driving the synchronous notor w thout using a sitioning sensor for

detecting a posifiectve vhlue and an averagei sibsglute wa ncof thet dtarnaigng cuprehbr

detecting a current supplied to the synchronous notor; d-q coordinate

converting st®ppbeEnts Wl e dRg aXeS Wuirehilts Dbiiatd by the alternating current
component detector; and

a step-out detector for detecting a step;out by comparing at least one
of the effective value and the averaged absolute value of the alternating
current components of the d-q axes currents obtained by the alternating
current component averaging unit with a predetermined step-out level
signal.

3. An apparatus for detecting a step-out in a synchronous motor in
an inverter apparatus for driving the synchronous motor without using a
positioning sensor for detecting a position of a rotor comprising:

a current detector for detecting a current supplied to the synchronous
motor;

a d-q coordinate converter for converting a current signal obtained
by the current detector into an exciting current component {(d axis current)
and a torque current component (g axis current);

a current difference calculator for calculating a difference between

the d-q axes currents obtained by the d-q axes converter and command

values of the d-q axes currents;
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obtained in current detecting step into an exciting current ;q9qponeRk, (d
axis current) and a torque current conponent (q axis currentc(?; al'ternating
current conponent detecting step for obtaining alternating current
conponents of d-q axes currents obtained in d-gq coordinate converting
step; alternating current conponent averaging step for averaging the
alternating current conponents of the d-q axes currents by obtaining one of
an effective val uea atuiran diféeragesl albesnhting catemt odbmpbaemt idetevadr for
current 53 1 Cctober 2004 conponents of the d-g axes currents obtained in

al ternating getetOns alteQMBABNrede LoMipoRenGlifhe ANMeRheP apbiit tﬁetdegtakeg step
for detecting a stéep-out by conparing at |east one of the effective val ue

and the aver aged, QRsolilt#pY 2L eulbnt BErRbIG QALITy: GH rent conponents of
arned 1n €rna

the d-q axes currents o a I ng curreh conponent aver agi ng
step with a predeterm ne - oyt vel signal. 13. A nmethod for, detecting
a step-out in a sy%éﬁpbﬂgtfiett?ﬁ?%fori#%ﬁﬁmg %ggpf%qt]@pﬁgpﬁ?%g PBIeaa? P88 ng the
synchronous nptor w thgut usi n% a positioning sensor for detecting a

position of af tha alteinghpg; ikt compantyar deg difgerenes abgpt Hha dcq aXES a

current supplied to the synchronous notor; d-qg coordi nate converting step
for converti eqrrents whtemedshynbe cuotentidiffdrance caltarnatingl etecnt rgnytoment nt o an
exciting current conponent (d axis «current) and a torque current component

(g axis curr@gtedtor SHith 8 predbtéingined seercahcielal siggalst ep for cal cul ating a
difference between the d-q axes currents obtained in d-q coordinate

converting step angdl The apparatus for detecting the step-out in the synchronous
motor of Claims 1 or 2, wherein only a particular frequency component is

detected when alternating current components are detected from the d-q axes

currents.

5. The apparatus for detecting the step-out in the synchronous
motor of Claim 4, wherein the particular frequency component is a
frequency twice as high as a frequency of a voltage output from the inverter
apparatus.

6. The apparatus for detecting the step-out in the synchronous
motor of Claim 3, wherein only a particular frequency component is
detected when alternating current components are detected from the
difference about the d-q axes currents.

7. The apparatus for detecting the step-out in the synchronous
motor of Claim 2, wherein the step-out detection level compared with the
averaged values of the alternating current component of the q axis current is
approximately 200% of a rating current of the synchronous motor.

8. The apparatus for detecting the step-out in the synchronous

motor of one of Claims 1 - 3, wherein the step-out is detected by increasing

a velocity till reaching a velocity of a normal operation immediately after
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command val ues of the d-q axes currents; current difference ghiisthabhg
current conponent detecting step for obtaining alternating current
conponents in the difference about the d-q axes currents obtained in
current difference calculating step; and step-out detecting step for
detecting a step-out by conparing at |least one of the alternating current
conponents in the difference about the d-q axes currents obtained in
current diffsarime whdneitnast difficaitr tee mieteco rthe nstap-out ehueitty aglet elogith a
predeterm ned step-out |evel signal. 54 1 October 2004 14. The nethod for
detecti ng t hgtstigp-out in the synchronous notor of Cains 11 or 12,
wherein only a particular frequency conponent is detected when alternating

current conponent sqgar Thge%ﬁfa%&'@ﬁffoqqg‘ﬁ?%’?%q’“@x&?%'owr'ﬁle@ez.%&%ﬂoﬁﬁs net hod

for detecting the step-ou e sync us notor o erein

the particul ar, fregquenc onent s f r.equenc twice as hi.gh.as
frequency of MSIRoPT ¢ BEJAIY o $nehersiBy e, Shpantas dctegd WrBopE: nod
for detecting the step-out .in the synchronous notor of C aim 13, wherein
only a partiB¢reasing eftrdnoing sriysdeihit of thejsyrchregousymatoraphen dbesents &ur r ent
conmponents are detected fromthe difference of the d-qg axes currents. 17.
The met hod fpoessistiteof ay ertor istdepecting the stdpeostyby inaeanisg woreducing tig ai m
12, wherein the step-out detection |evel conpared with at |east one of the
ef fective vaj¢locanofthespudiapas @bl ute value of the alternating current

conponents of the q axis current is approximtely 200% of a rating current
of the synchronous)§oFRY apparatus for detecting the step-out in a synchronous motor
of Claims 1 or 3, comprising:
an output voltage command calculator for calculating output voltage
command values applied to the synchronous motor based on a current signal
obtained by the current detector;
an output voltage vector calculator for calculating an output voltage
vector based on the output voltage command values obtained by the output
voltage command calculator;
an output voltage error detector for comparing a scalar of the output
voltage vector obtained by the output voltage vector calculator with a step-
out detection level; and
wherein the step-out detector detects a step-out based on a
comparison result obtained by the output voltage error detector.
11. A method for detecting a step-out in a synchronous motor in an
inverter apparatus for driving the synchronous motor without using a
positioning sensor for detecting a position of a rotor comprising:

current detecting step for detecting a current supplied to the

SYHChI‘OIlOlIS motor;
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18. The nmethod for detecting the step-out in the synchronou one
of Clains 11 - 13, wherein the step-out is detected by inchacg(?Er’]lgerrézom
velocity till reaching a velocity of a normal operation imrediately after
starting when it is difficult to detect the step-out during a | ow velocity
rotation. 19. The nethod for detecting the step-out in the synchronous
notor of one of Clains 11 - 13, wherein the step-out is detected w thout

i ncreasing or redde rgoddineteocohyertingt Reeps or he@vensngod ogurrditnsighal e is a
possibility 55 1 Cctober 2004 of an error in detecting the step-out by

i ncreasi ng ophiaGtHdCinGirkdie dé?éc@i‘ﬁ?tsx%ﬁfntotaﬂeeﬁﬁﬁ@Eﬁﬂeﬂﬁcdfﬁ?@ﬁent%_@-axwe
nmet hod for detecting the step-oul In a synchronous notor o claim1l or 13

conpri si ng: %%Zﬁﬁﬁlatta ecaﬁ:p%@%{)ﬁ@(’%%hﬁm Q}gis%tu?l%nbor cal cul ati ng out put

vol t age conma ues applied synchf onous not"ér based on a current
signal obtained in current detecting step;, oufput. voltage vectqr . .

calcul ating step {HICTBANEE| SOFIRG aPOBRERRt * HOrHCtiBE VIR or OB acleiging ne

out put voltage command val ues obtained in output voltage command

cal cul ati ng 8ftepatingt purentolqomponentorolystacaxery GNEmts opbtategain ng-&
scal ar of the output voltage vector obtained in output voltage vector

cal cul ati ng st@adindte honeertingstepitandet ecti on | evel ; and wherein the step-out
detecting step detects a step-out based on a conparison result obtained in

out put vol tage errgepdnit detdcliigst@Plorddeteddinll 4 ¥RpodutchyctOnparif@aplassor,
wherein the apparatus for

one of alternating current components of the d-q axes currents obtained in

alternating current component detecting step with a predetermined step-out
level signal.

12. A method for detecting a step-out in a synchronous motor in an
inverter apparatus for driving the synchronous motor without using a
positioning sensor for detecting a position of a rotor comprising:

current detecting step for detecting a current supplied to the
synchronous motor;

d-q coordinate converting step for converting a current signal
obtained in current detecting step into an exciting current component (d axis
current) and a torque current component (g axis current);

alternating current component detecting step for obtaining
alternating current components of d-q axes currents obtained in d-q
coordinate converting step;

altefnating current component averaging step for averaging the
alternating current components of the d-q axes currents by obtaining one of

an effective value and an averaged absolute value of the alternating current
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detecting the step-out in the synchronous notor of one of Ca Ois
packaged. 22. A drive of a fan notor, wherein the apparatus 11@)@%?8(&% ng
the step-out in the synchronous notor of one of Clainms 1 - 10 is packaged.
56 1 Oct ober 2004 An Apparatus For Detecting A Step-Qut In A Synchronous
Motor, A Method For Detecting The Step-Qut In The Synchronous Mdtor, A
Drive of A O osed Conpressor, And A Drive O A Fan Mdtor Abstract This

i nvention prostpesents afpiheatddg boes deirmeis ngbtaingtien oalternatiag s gaabnonous
nmotor (6). In an inverter apparatus (2) for driving the synchronous notor

(6) without é{ﬁh?gnéhtmfni é[?’gi@ensor for detecting a position of a
rotor, a current detector (g%’ﬂ or detecting current supplied to the

e Bkt (GRS RSBk o R A0 °

current signal obtal urrent
current conponen ]%g .S current) and a torgue rrent ¢ onent axi s
current) . anol e Rg v PHIbE Ant S et dbSelitt Vil R Withatintng
alternating current conponents of d-gq axes currents obtained by the d-q
coor di nat e cOHVHteampenents of e 4-¢ axps suirenist dieiped (inalterpating CoEeNhg t he
step-out by conparing at |east one of the alternating current conponents
of the d-q as@mpomentevesging aicpedithy prhdetemhinedrsatp-ogt el sighak onponent
detector (15) with a predeternined step-out |evel signal are provided.
Fig. 157 13. A method for detecting a step-out in a synchronous motor in an
inverter apparatus for driving the synchronous motor without using a
positioning sensor for detecting a position of a rotor comprising:

current detecting step for detecting a current supplied to the
synchronous motor;

d-q coordinate converting step for converting a current signal
obtained in current detecting step into an exciting current component (d axis
current) and a torque current component (q axis current);

current difference calculating step for calculating a difference
between the d-q axes currents obtained in d-q coordinate converting step and
command values of the d-q axes currents;

current difference alternating current component detecting step for
obtaining alternating current components in the difference about the d-q
axes currents obtained in current difference calculating step; and

step-out detecting step for detecting a step-out by comparing at least
one of the alternating current components in the difference about the d-q

axes currents obtained in current difference alternating current component

detecting step with a predetermined step-out level signal.
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14. The method for detecting the step-out in the synchronous motor
of Claims 11 or 12, wherein only a particular frequency component is
detected when alternating current components are detected from the d-q axes
currents.

15. The method for detecting the step-out in the synchronous motor
of Claim 14, wherein the particular frequency component is a frequency
twice as high as a frequency of a voltage output from the inverter apparatus.

16. The method for detecting the step-out in the synchronous motor
of Claim 13, wherein only a particular frequency component is detected
when alternating cuﬁent components are detected from the difference of the
d-q axes currents.

17. The method for detecting the step-out in the synchronous motor
of Claim 12, wherein the step-out detection level compared with at least one
of the effective value and the averaged absolute value of the alternaﬁng
current components of the q axis current is approximately 200% of a rating
current of the synchronous motor.

18. The method for detecting the step-out in the synchronous motor
of one of Claims 11 - 13, wherein the step-out is detected by increasing a
velocity till reaching a velocity of a normal operation immediately after
starting when it is difficult to detect the step-out during a low velocity
rotation.

19. The method for detecting the step-out in the synchronous motor
of one of Claims 11 - 13, wherein the step-out is detected without increasing

or reducing a velocity of the synchronous motor when there is a possibility
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of an error in detecting the step-out by increasing or reducing the velocity of
the synchronous motor.

20. The method for detecting the step-out in a synchronous motor of
claim 11 or 13 comprising:

output voltage command calculating step for calculating output
voltage command values applied to the synchronous motor based on a
current signal obtained in current detecting step;

output voltage vector calculating step for calculating an output
voltage vector based on the output voltage command values obtained in
output voltage command calculating step;

output voltage error detecting step for comparing a scalar of the
output voltage vector obtained in output voltage vector calculating step with
a step-out detection level; and

wherein the step-out detecting step detects a step-out based on a
comparison result obtained in output voltage error detecting step.

21. A drive of a closed compressor, wherein the apparatus for
detecting the step-out in the synchronous motor of one of Claims 1 - 10 is
packaged.

22. A drive of a fan motor, wherein the apparatus for detecting the

step-out in the synchronous motor of one of Claims 1 - 10 is packaged.
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