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
inverter apparatus 2, a plurality of switching devices 3, a U phase upper
swi t chi ng devia®rBe, ofa Naphiger 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  mOtEEIPBhE mbbidist rated. A current detector 7a detects a phase
current in one phaose an%k%ﬁt%&a Cct ober 2004

This invention relates to an apparatus and a method for detecting a
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



currents supplied to the direct current brushless notor 6, rye
detector 7b detects a phase current in another phase mhichqﬁgaﬂé??@P%nt
fromthe phase detected by the current detector 7a, and an inverter
controller 8 controls ON/ OFF of the switching devices 3 in the inverter

main circuit 5 cyaxeds ewppiebe theulirentuiahtigssARE Y, ur r.ent
detectors 7a and 7b. A PWM (Pul se Wdth Mdul gt iﬁoﬁ)ﬂogf“g(?iaa} é‘lg}g?\%trégttg&%'?b

gener ates a PWdetsitgnaphifrcaeetd 8l hhhg .Qf - SsW t ¢hi ng, devi ces 3
based on output voltage conmand val ues o tl{gls%]e:“g’ulaill% T E’Eoé‘?%@%rﬂ el er

5p,and a phase dotutehy RALaLAL AbiohiAl SN ALSR, RASS Sl M8 Mo

t hree phases based on the phase current’va

the current deicest Qf §h : 7b. .A 3-phgse to 2-phase converter 11
converts the phase cur%g‘rﬂt@@gﬁgﬁ%ﬂceﬁﬁiﬁh RE€r aipcincuitdd byseden phase
current cal cul rrent .values in a d-q coordinate system and a

vol t age conman %P&ga@aﬁéﬁpﬁﬁﬁ LPtEpHdetenteysta aod Flage conmmi d  val ues
in the d-q coordinate systemfor driving the direct current brushless

not or based on the current values in the d-gq coordinate system obtai ned by

t he 3-phase to 2-ph24§§3 onverter 11. An output voltage vector calculator 13
obtai ns an output v é@@é@%%wl@@sﬂdddmﬁtohbsignmkmermbg e

A cFAIENE
val ue

values in the d-g coordinate system obtai ned by the voltage conman

cal cul ator 12, Sigaal forgeendeallingrOBnt OFH stage sheitettn g debtbes LRSI E o o #ggtnt

current voltage of the direct current power supply unit 1. An overc
detector 70 develéage eomumvedcualuenbbtdintd i0ftha iRASE: Edﬁtﬁafér-sv‘!aﬁ arﬁﬁgsreq‘:”ce
e c t

to Fig. 9, an operation in the inverter apparatus and t di'rec

brushl ess not otuirent ¢ajerlatbratd cdladlachsaMAE cheREPAIRLI G thite %)h%és aes%d%%04
the phase current values in two phases detected by the current detectdrs; Ta
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 obtains
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.



As illustrated in Fig. 9, in the inverter apparatus 2, the nt
detectors 7a and 7b detect the phase currents in two phasesqg%%ﬁaﬁggg4phase
currents supplied to the direct current brushless notor 6. The inverter

control | er 8 cal cul dsefllwtiaiod MOFiAJE GORRBRNG WAk Calis 2V . val ue,
vol t age phase, etc. output by the inverter main ci r?%pta %‘g?so?’ girilg\a/}’gﬁbel}%e

direct currendethdtoit £85d Mt Ried tHléﬁ;%%ngu@_ngﬁdﬁtt%&& uﬁ}?%sr'@?g%‘%@()r?gg rents |

in
two phases, e.g., U phase current Td an ase c Sut s

t he PWM si gnal Qllin ; F of .the i tchin evices 3 in the
i nverter main ci ir%égﬁ:? tcﬁgph%%eé% Os\‘%léer?gﬁ’“i”’éen&u?’b‘if?‘wﬁsﬁ oﬁﬂoﬁ‘%e%i n gverter
controller 8 I - .Th has urrent cal cul ator 10 cal cul at es phase
currents Iu, ?céfl%rgir%g?\l%svc?lﬁuﬁtt%r Qngdﬁa‘é‘éEagﬁa%"é‘Hnﬁﬂ t fduph e vottegatwalie, and
v detected by ﬁhe cm}g ent det eci’ors 7a and 7b, and the 3-phase to 2-phase
converter conVOrEe PREsHIRISLUtRYT PR the Ipvprtarymamnarquit 5for Hrigm pttesdizedto
currents Id and I1q in the d-q coordinate system The voltage conmand val ue
cal cul at or 12 ‘Bgredybanelesomopt6 b%ﬂedagletlwaéhamw phhsreauyelitsandwyghases t he
d-qg coordi nate system based on the currents Id and Ig in the d-q

coordi nate syst@nt-mimsecurpant lnaid Hghasectiorent &, cldagwth ulBeab ol at &1

out put voltage vector Vx* based on the output voltage command val ues Vd*
and Vg* in t hdoxeaptedbing Ot OFH oft thenswitthen PN Sds IR (HBSAGERE LT circuit

cal cul ates the PMM signal for controlling ONI OFF of the sw tching
devices 3 baséd on a direct current voltage Vdc obtained by the direct
current voltage detector 14 and the output voltage vector Vx*, and outputs
the PMWM signal. 3 1 Cctober 2004

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 switching devices 3 in the inverter main circuit 5 are t OFF
by the PWM signal output by the PW signal generator 9. By 1;(?1&%1’%0413F
operation of the switching devices 3, an electric power is supplied from

the inverter main cilheuwitdhih® detiteds 1 ¢he GHTRA Qﬂh g
the direct current brushl ess@rmtor 6is %Irl\?en m Lkagu?t?\\g}ea E,Qm atus

di to t t ed II
manner . When f?i%"?ﬁ%%?“é"ﬂ“?&%@%‘*FPQ#%""é“heSPW%%%a&a’isé‘la 9 a&béa%)Ne/vel
f h t h I I h
operati on. By oni PorTRY ?%F“éeqcﬁ{tﬁ%*@ G T A o S

For exanpl e, over(;current det ec tE\acglorrpares a phase current val ue
with an overcu Y eI i ‘WFélﬁt fadzect sureent kanskless mdater 6pwnd cher ent

level, it is Jdﬂ{)%%d as aB error due to an overcurrent, and the step- out is
det ect ed base CHEreat puishers metor §ds gyweBur rent . The over current
detector 70 is configured as a hardware or a software. Anot her exanple of
an apparatus for detecting the step-out in the synchronous notor according
to the related art is disclosed in Japanese Unexam ned Published Patent

Application Hei 11 InBaggverter ahpamppamatading or titerdatddgre hes@pqRzat i N
the synchronous notor disclosed in Japanese Unexam ned Published Patent

Appl i cati on Haletectdd in B8ZAUBwing mBinRxeSWaks (hetdirdp cﬁrfeﬁft %rruglrg % fiotor 6
controller for rotating at an estinmated velocity wr, ITference 9 e

between r - 8 styRsowANd pdak IG%ESE HPhhfecur®iibeesmEd 'efl%}%ﬂn yeak? Vﬁﬁiﬁ;’%ﬁs

an exanple of providing a state estimator for estimating y

vol tage and 8 sgitleronddsiefshatith! a8y AYniSHiRgG tfisThangdid YNthie Ohe ¥ epcorllltAJ'.s 1
Cct ober 2004
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



occurs in the d-q axes, and detecting the step-out in the sy ron not or
by conparing two estinmated val ues sequentially. Another exalggggg%%%?ﬁe
apparatus for detecting the step-out in the synchronous notor according to
the related art is disclosed in Japanese Unexam ned Published Patent

Appl i cati on 200ccurs P6R82d-ql axeshan ddpiactiipshé etep-d@tigghs @gn&ﬁ%ngﬁggf O d N
the synchronous notor disclosed in Japanese Unexam ned Published Pate

Appl i cati on 20@inpai?g8Ro estimacxBales Squeslfiafigt i Ng the step-out by
conparing a cycle of a voltage output fromthe  inverter apparatus with a
cycle of a current supplied to a sensorless brushless notor is disclosed.

Further, an exanple of detecting the step-out by conparing a d axis
current which is an {1 onponent mth a,. step-out detection
| evel is disclosed. um%‘?%g%@&%g?&%‘g&%% “%if\ﬁn’ééi‘*?%&m&p sepoutgp the
detecting the = [ he synchr onou tor accordjng the related art
i s configured é;sn%gf %fbélg gg%(g}'e,af:%/q{éngq g?}%’ﬁt %@ed st é%tdéﬁfgwgeﬁl olapahese
overcurrent st%e and .i @ﬁ%%gifficult to detect the step out accurately.
Further; even P*aemﬁleéy% Jetepetmnlication200bn2h28kd Inthe eppbratue fpi ng
out, the overg‘ijrrent (r:ﬁn be caused hy the current increase due to an
increase, of {'BHN&G Hdeanteptt iedtha issnclobnauy shotoirt fiscloted Hhaphoss:

it was difficult to extract the step-out state fromthe overcurrent state.

Further, an overeXamined Publisheddthtbnt Atatfieatibmg2a(ie - 09528 £@Nixanfpid y@l ue
set based on a demmgnetization tol erance of a nagnet used for the rotor of

the direct culatestingithe Hiterssuirdtyocorapamng i dvicy¢le pfcalrvoliale | AMBLt Frord GQVi Ce
used in 5 1 Cctober 2004 :
Imverter apparatus with a cycle of a current supplied to 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



the inverter apparatus. Therefore, it was difficult to set g dgtectian
| evel used for detecting the step-out independently. In sonme conbination
of the inverter apparatus and the direct current brushless notor, the
current at a tjnme of stepping out is lower than the current in a
synchronous stthe &verterappiretise, Therafers, itnpasdifbtdt tosalef dutbet dielevbElsoaut
based on the overcurrent. Wen the step-out state continues as stated
above, it caudesdeteghinpilenstepfoutibdatendastlpnd a noi se of the rotor of the
notor. Further, there was even a case in which an apparatus was broken due
to the vibrations of the nmotor. Further, when the current supplied to the
synchronous notor increased, there was a problemthat a sem conduct or
device, etc. used i [ 1 the apparatus
for detecting the steg@gﬁtcmiﬁ%@ﬁgmggﬁc %&%ﬂ%@?%aﬁg@& Q%ee%’r?% c\?‘ﬁb ese
Unexam-ned Pulpl.i n ' ion Hei. 11-18499 . .a neghanji.sm for
esti mati ng anlg}ﬂrl]%%lg%dg @%ﬁ %ge':& g#ér{ccﬁ%t arr@’f“ rolfl“3 PRI Qs Joyey &ladbibé?c‘t‘ﬁrmjltt he
st ep-out . Hen?&\,a IC %%Oof Sﬁ%l cu#ati r}g i n m croco ter, etc. is
iincreased. [n tHe apparatuses ot FRtEEenY YhIEPepikia to datachhe gheprrudnous
nmotor discloged jn anese Unexam ned Published Patent Application :
2001- 25282, ﬁ%eds?légﬁegﬁ‘ferf"érra’éf'ect ed by conmparing the cycle of the voltage
output fromthe inverter apparatus with the cycle of the current supplied
to the sensorless 1 Cctober 2004 brushless notor. Therefore, when there is
no difference between the voltage cycle output fromthe inverter apparatus
and the cycle of th@henrthemtersopipstateicontnudsassyatedranosst tatass Aprabldm e
of steppi.ng out, it is inpossible to detect

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 apparatus 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



the step-out. Further, in a nechanismof detecting the SteD1QH&oR¥2OO4
conparing a d axis current which is an exciting current conponent Wwth a
step-out detection level, since the exciting current changes according to
a velocity and a condition of - a load torque, it is necessary to set a

step-out det edtishloseneton] OThe@A68, ABRATHLANICANGO ke AGCSE thE JlhDE
step-out detection level has to be conplicated. This invention s I ntended

Lo provide the aonarar ueo e paRer P shEA % oblY G ebg ¥t o bl

to provide the apparatus and ne etec

synchr onous . inasinmlifre operation.. Further, this

i nvention al ggé ?Priﬁ gﬁxggﬁta%l)&g/%@?%eatzég}rﬁﬂ%g SPRIE Yledt 1sigmpasaible fo datech
drive of a fa@lﬁé@geo[o i.n ﬁlhi h_t.he ab@\l/e-,stat d apparatus for detecting the
step -out in the &Pt ohBHdehdP & meehausm o8 datecang sheistap-ouw hyncomumaing of
this invention, ;an .apparatus._for detecting a. step-out in a synchronous
motor in an i AverdEs ‘g’ﬁb%ta’f"aéc 5 a8r PYTRBE tarendy¢tatiraeot svitht orstep-viout
using a positioning sensor for detecting a position of a rotor includes a
current det ecfiiechop lenel cdnsaidiepseifingcmrreniphhnges swmotding tsyvelehyoud a
motor, a d-qg coordinate converter for converting a current signal .obtained
by the currentonflitientofa Joad dorquee xcist iergscuy e nbt acntgmpoenHeledtiaxlsyvel for
current) and a torque current conponent (q axis current), an alternating 7

1 Cctober 2004acluppentionomundiitod, aet eetting fioy stebtitdadsetint BVRRHLEG, By I ent
conponents of d- q axes currents obtained by the d-q coordinate converter,

and a step-outomplkdéatedor for detecting a step-out by conparing at |east one
of alternating
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



current conponents of the d-q axes currents with a predeternifgd,st98, out

| evel signal. According to another aspect of this invention, an apparatus
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 includes a current detector for detecting
a current suppfiment ¢canpdmens yietdetanfon shimhion, alterating @ar:@n 0 8b:8p 6941 oF gL
for converting a current signal obtained by the current detector into an

exciting curregtaxxenpomrents (btaided HyCtHd A dodilith fet &fﬂ%‘é@teﬁué{l&né %m&@ent
(q axis current), an alternating current conponent detector for obtalning

alternating cuéeptorGRTTRARHLTE A stlp i BEB0EHELRDN Sy BN PYE dhd

coordi nate converter, an alternating current conponent averagi ng uni
averagi ng the alt&5adhhéh g > nen f the d- Xes .currents by
obt ai ni ng one of an ef l’(i:ctelq{véé ovg?]ﬁefgﬁsacr@ge\?g?gﬁg B8 eﬁ‘?rém\"}ﬁiitfge%'f’“‘f he
al ternating culre{,gln%igﬁﬁrrponents of the d-q axes currents obtained by the
alternating curréent-cofrponent detector, and a step-out detector for
detecting a step-ou of .the effective value and

t, by conparing at |east ope )
t he averaged absol utpéccéréﬁﬂ% @’f ap%&h% P8PSRt ?ﬂdh@umwon@ommgt@f forhe
d-g axes currents obtained by the alternating current conponent averaging
unit with a pr&detitiaiontersiiplb @ syrchapneyisymator e @ar #iveyteroappasbes for
aspect of this_invention, an apparatus for detecting a step-out in a
synchronous nolidyingihg synehrenees mapgrawishost wsing adrositiongng sensoy fetdaaniny
motor without using a positioning sensor for detecting 8 1 Cctober 2004 a
positi on of a &pewtionothuadis includes entrrdat deteotor far detedtens h BGrRnE HFEN
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), 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 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 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.
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



to the synchronous notor, a d-q coordinate converter for conv§&bid2gods
current signal obtained by the current detector into an exciting current
conponent (d axis current) and a torque current conponent (Qq axis
current), a current difference calculator for calculating a difference
between the d-q axes currents obtained by the d-q axes converter and

current copaRmidLEERFdePFEua G AR bt RN e AR SRAAT <,
i1 1 or ence. odp 40 St STy BoRiR osioRRRbReC R eRR fotl s Brfid Ellrsnt e by

conparing at |east,one the alte ti .current ..conponents in the

i f Fer ence- aistaTeT oghged by 1B cBipeRE ARlELRR iftS o Shoit FRARERE! CBmPoarRt @ ence
alternating current c§gﬁﬁfent detector with a IErfdeterm'ned st ep-out | evel
signal . I n off&% B! I 2, lorgiS o UT e POMPEREECE] ALY FEISREp 2 SPIER o
synchr onous or includes an ou t.vol tage command cal cyl ator for

cal cul ati ng ﬁffﬁwp@/sﬂfag‘@r mk@fﬁa%éﬁg%m%‘aﬂwsﬁée A IR ot or
based on a current _signal obtained by the current detector, an output

vol tage vectobfained B B 04 Gikes ccuyktes ﬁ@da?PfBHtaﬂat valbes é’éet%\f/‘e o AXehsed
on the output voltage conmand_val ues obtai ned by the output voltage
command cal cGPEEBIS, 4 Lvreant pdiffeyenacaglicptipe gemarl pmpeperio sstactory far
scal ar of the output voltage vector obtained by the output voltage vector
cal cul at or widetechingradigraaiing epsrenttqospponents in theadiffesencerabhawé the dpy exes
detector detects a step-out based on a 9 1 Cctober 2004 conparison result
obt ai ned by whEreist ghiaingd|yaths arret difeesnce calondasor, dindga sispamidtdetectas pect

of this invention, a nethod for detecting a
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 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



step-out in a synchronous notor in an inverter apparatus for15§&g&Q%Oahe
synchronous notor w thout using a positioning sensor for detecting a
position of a rotor includes current detecting step for detecting a
current supplied to the synchronous notor, d-qg coordi nate converting step
for converting a current signal obtained in current detecting step into an

exciting curr edmpesanaiilt ChtaiRdd By th¥ H&Bld v@l@?gegeltrf?f g&%c&grrent conponent

(q axis current), alternating current cofrponen etecting step for

obtaining alternati SHEL nen f..d-g axes currents obtajned in
d-q coordinate conv%rgtcl ng %&%?&nggs% Cégﬁ%ulf W&PZ’@P? ﬁdn%t&‘ﬁa f?‘oﬁetﬁ‘é fi ng
a step-out by [efelyy %f l.hg. at l.east one of . alternating current coppaonents of

the d-q axes cuUrren 40 3 SPRRURORS magtop i 43 AYYERT SRParaiy SRk iaRE diei ng

step with a predeterm ned step-out [evel signal. According to another
aspect of thi §Wﬁ%’é’ﬁ’f’f‘8ﬁ‘}°t8r wetheyd veme yepebioning sensex foy defecting @ position
synchronous notor in an inverter apparatus for driving the synchronous

mot or wi t hout Of&iuetPranplydes peirentdeteetieg stepfoxidetecting g carens stpplied twftha
rotor includes current detecting step for detecting a current supplied to
the synchroncwschusmens rdotgr,cdar ciondinate oovenrtinggstep epr fonvatitges tdudebnd
current signal obtained in current detecting step into an exciting current

conponent (d saxia obtainediy candnbdétectime steyintdn 6L elifrent céipdnent (d
current), alternating current conponent detecting step for obtalning

al ternating cusdeoirreadnuodentsqab @rferdX@mgoNehe Th S8 calRed), | Atdndtin
coordi nate converting step, alternating current conponent averagi ng sFep

oo O e IR JBUCASE! SOTTRE i i A
components of d-q axes currents obtained in d-q coordinate 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



val ue and an averaged absol ute value of the alternating curnehisempenent s
of the d-q axes currents obtained in alternating current conponent
detecting step, and step-out detecting step for detecting a step-out by
conparing at |least one of the effective value and the averaged absol ute
value of the alternating current conponents of the d-q axes currents

bt ai ned i I ' t ' t ith a
o edet or m ned LAt 2 EarT aailfe VAR of ot etttk FivEPutiomadhes of; <
i nvention, a pethod for deteciing tep-out in a synchronqQus notor in an
i nverter app&Hgtdl'ﬂ; axey CHFIs A taﬂﬂ?élai"s"j tmﬁﬂm%wmmqeﬁba?tee%n&gt%

positioning sensor for detecting a position of a rotor includes current

det ecting st &ididep-gut deteriag stepulior dstecting i step-aus byheompariegh pbleassondt or
d-qg coordi nate converting step for converting a current signal obtained in
current det eatfithgefieetpve wlve and ehecaveragedeabsobrie vahepfithenltéxhatiagicairrent r ent )
and a torque current conponent (q axis current), current difference

cal cul ati ng sfompdnentscafl thaldag axes eurtdrits ebmineel ipedligeatindeurtertt cdkgsonent
currents obtained in d-q coordinate converting step and conmand val ues of

the d-q axe%v@wgﬁleglgﬁ?v@iﬂ{fapaéde@lérfﬁiﬁé&él%g-cﬁitq@sfdﬁgignaﬂ current conponent
detecting step for obtaining alternating current conponents in the

di fference about the Tdiﬁg?ﬁﬁ?oﬁgg gzgfckthfofbﬁﬁémggbﬁ,&ﬁ{e&ﬁm £ dhE RIS

calculating step, and ste I ng step r detecting a step-out by

. r i.n.th
i fTor enge assirop 3G 3ugibnfl HEUPEhoH SHEGR BRIRRRN G AP fis
fevel "ot gnat YR8 RBSNTRunPT! She At ingitmt B SeRetag apsisn h o

synchr onous t or out put, vol tage, conrand cal cul ating step for cal cul ating
out put vol tag’g~ acr(S’ﬁ?FB}HBHK‘?Iﬁ G%@e@ﬁﬂt?“éwgt%eﬁ%@‘gﬁ?ﬂ%&ﬂ@eﬂﬁ‘wphﬁﬁ%(ﬁh%n a

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



11 1 Cctober 2004 current signal obtained in current detectiing.st&Roo@ut put
vol tage vector calculating step for calculating an output voltage vector
based on the output voltage conmand val ues obtai ned in output voltage
command cal cul ating step, output voltage error detecting step for
conparing a scalar of the output voltage vector obtained in output voltage

vector cal cul atlng § e': gbtahn Siheeytu%ﬁt cg?écgﬁg 3{1:8 éflftbut %qtagg (f&t@{lt he

st ep-out det ecting s ep- ou orrparl

53;?5 ?Eg i éﬂs %i&?'fﬁélgp%%éqﬁf % nvéﬂﬁ’afgo%f ot Biee Vet badkd Y ﬁrﬁsgﬁl@ d
t
e the ot Joue 3@@@#{@1@“ 3 t§epf°'ﬂﬁpvﬁif£#358§9%?r}<ﬂ°al?ﬁlaf 1 Stepy
f d enbo .
only. since wﬁﬁﬁgﬁ%ﬁgﬁggﬁsﬁ&ﬁﬁ%@ fox BB soalar 188 oplrut $RRES cone

of the inventio vaI ar ent tothoseS|IIed|nth art fromthis
det ai | ed desctf Bl?ltal %‘&?@cf’gﬂ?@at"ﬁf’% calf aHHgaWF%g%{tt of §tpRrout

i nvention Wl\d bea fromthe follow n descrl ti on when taken in
conj uncti on eﬁ?t‘PH &%W“ﬁﬂa eniEP- Wit dateeting: stepr detectsr 2t Hep-Bhwi ngs

Fig. 1 shows ac nflguratlon of an apparatus for detecti na st ep- out
detector in 238§thehaseBIRAriseR sesultobtamediin@ytput vokiage erros Heigsting step

expl anat ory chart of varjious wavefornms at a tine of a synchronous
operation in Enbodiuiist faatures 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



1 October 2004 Fig. 3 shows an explanatory chart of various . at a
time of stepping out in Enbodinent 1; Fig. 4 shows a flow clng(gttgﬂél}r?%z‘
detecting the step-out in Enbodinent 1; Fig. 5 shows an explanatory chart
of various wavefornms_at a tinme of stepping out in Enbodinent 1; Fig. 6
shows a flow chart ifedld ravnan erelasatyyodart of Emboes wambfolms & g tinfe YFOWS
a configuration of an apparatus for detecting the step-out 1in the
synchronous noEHPPIRE Gabadimbndingntl; g. 8 shows a flow chart in detecting
the step-out in Enboiquggrrent 2; and Fig. 9 shows a configuration of the
apparatus for det ectFigg4tshews adhwuliart i dbhetiE¥ REHEQ i g ing to
the related art. Detail ed Description of the Pgeferrgﬁﬁ%?ﬁﬁ%%@%q’
Enbodi ment 1. Figs. Hig- 56shohdsUst & ' . Fi il ustrates a
configuration of an Bhver t er apggélgpgg@?%hg?p%fgs’%%é\;%sggﬁ%g?ﬁﬁngn%%&’?“’cﬁgrt
of various mg@bgm&oﬁm@ﬁlbg@@q.synchronous operation. Fig. 3 shows an
t o ' wa

expl anatory char vari ous vefofns at a tinme of stepping out. Fig. 4
shows a flow chart jy i the step-out.. Eig. 5 shows an expl anatory
chart of various wavi fgrgfrlrsg‘% giﬁy {hﬁilfbﬁe@fﬁ%%‘gﬂﬁatwtm&leeodgﬁm la flow
chart in detecting +.he,siep -out. In Fig.,1, a direct current power supply
unit 1, an inverter Iglﬁpgfsg?ﬁg afonﬁgu’ﬁﬂt’cﬂna?fiat“yaliﬂarélwscf?ﬁidﬁbecﬂéﬂitge§t®~oat
U- phase upper swstching devices 3a,_a_ V_13 :

in the synchHronous motor 1n Embodiment 2;

Fig. 8 shows a flow chart in detecting the step-out in Embodiment 2;

and

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



1 Oct ober 2004 phase upper sw tching device 3b, a Wphase u | I ng
device 3c, a U phase |ower switching device 3d, a V-phase ﬁgéw'[étPﬁégv%ﬁbtelghi ng
device 3e, a W phase |ower switching device 3, a plurality of flywheel

di odes 4 connected in parallel to the plurality of switching devices 3, an
i nverter mai n Wiasewippred swiwbingldeged Bb, plWrpdlast yuppbr switchhigndedeyBees 18 and
the plurality of flywheel diodes 4, and a direct current brushless notor 6

are illustrat qhhasé lower ewitchigigeddvace 34, del-phhse BvtasatdHihg MRlickBOREWRhase
anong currents supplied to the direct current brushless notor 6, and a

current det eGiiise IbwHEERREBING RNAREILS HIIEATith bf FFUREI amégg, e@ghg&eh%n

different from the phase detected by the curfent "detector nrnverter
controller 8 L0 (e lﬁﬂ@.‘t ' evi i n the.inverter
main circuit gﬁgg’gse?(g%\lﬁg%se %E{frge‘ﬁ?c va u&eég{%gtééjc%ﬂégﬁieﬁ?rhgla&ﬂﬁ@mt 5
detectors 7a shaonal. geperator 9 ner at es PWM si gpal . fqr
controlling 031H a&ﬁ% %fh({)ﬂﬁr@sﬁ% coﬁis%&pcg'éw %&mﬁg b%‘%@&ﬁ&ﬁﬂwﬁt Ofv@‘f‘[’}é&fg
command val uesdi (gbt ined ih the inV(j)r‘t r,.control]er 8 and a phase current
cal cul ator 10 *@H% Iaé’ﬁeasdlﬁﬁ?f%rw SHehlgst mator; §,ax trgldses 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 cal cufaswrenp detectarufs aletechnlaupbasen carngnt iv cnredphadecaspatem
A vol tage command value calculator 12 obtains output voltage comrand-
val ues in the arrpndsrupiphed eto Bhyes tdirect @nrckmitvhughldse mbtoecs, andreriurrent
brushl ess notor based on the-current values in the d-q coordinate system
obt ai ned by t hiet@tmhdb eletet? apilese ciidrent 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



1 Oct ober 2004 converter 11, and an output voltage vector Ca}'@é{!)@etr% 43
obtai ns an output voltage vector based on the output voltage commn%
values in the d-g coordinate system obtained by the voltage conmand val ue
calculator 12. A direct current voltage detector 14 detects, a direct

current vol t ag@nokrtehdldiandcan ontputendltspewesctaupadbylatey €3 bbtARsadd @ugalé Ng
current conponent detector 15 detects alternating current conponents of

the currents ivolidpe dedtof deisdil nat Eth%%ﬁt%@tOshﬂ@df@eé'oxﬁﬂlanﬁh‘%aﬁfeghﬁls%héod-
2- phase converter 11, and a step-out detector 16 detects the step-out qoy

conparing the glof@n@td sPRLRACEHAThdOME thdVbiadd Eorftin ' N
conponents of the curreﬁfs In the d-}g coorggi‘ll atgoe s%g?gﬁaﬁﬁ%%tgglﬁﬁie%gﬁt}zt hé
al ternating cujg.ent r ith reference to Fi 1,. an
operation in t egﬁr?yg%@%g% %(ragﬁeggotrolclio%%hcg%vrae@r%? cg{:rﬁngar 0 5?/89 fhe direct
expl ai ned. ‘As | trated in,Fig. .1, in the inverter apparatus 2, the
current det ecédgrhgfvf aovg%fu?glyd‘é@%ét the phase currents in two phases anong
the phase currents supplied to the direct current brushless notor 6. The
inverter controller 8 calcul ates output voltage comrand val ues, e.g.,
vol t age val ue, voltageal&rylase, etc. output by the inverter main circuit 5

for driving the dirdg ERERE Brue easperandr dgectandibulatets albhenRiikie
signal for controlling ON/ OFF of the switching devices 3 in the inverter
main circuit SCUITHYE @prposiegiabf the ourents ifirthe d-h ecomineateesystean tobtdihed by as
foll ows. The phase current cal cul ator 10 cal cul ates phase currents lu , Iv;
and 1w in 15 I1thec3-pbase 2Q@4phase converter 11, and a step-out detector 16 detects the
step-out by comparing the step-out detection level with the alternating current
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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t hree phases based on the phase currents lu and Iv detected lbdctw&z%&rent
detectors 7a and 7b, and the 3-phase to 2-phase converter 11 converts the
phase currents lu, lv, and Iw in three phases to currents Id and Iq in the
d-g coordinate system The voltage conmand val ue cal cul ator 12 cal cul ates
out put vol t agetheemrhasesvkasedsonvike phaseveprremtst lveaud dv cleoeded dtyetteyaiesm t
based on the currents Id and Ig in the d-q coordinate system The out put
vol t age vect ordetattord &b amdl3bcahduhatBphasd puL-piolst agaveaset o Muvelased on
the output voltage conmmand val ues Vd* and Vg* in the d-qg coordinate
system The PM4ssicuftdntgBRRahRl Tw9ik thed!phasss W&Jr'?ééﬁﬂsi'd%gil H the d-q
a direc n

controlling ON/ OFF of the switching devices 3 based on curr

vol tage Vdc obigisadte %ﬁt@ﬂ@a%ﬁ@qolﬁgérﬁh@ﬁemé% e d?&l&%ggrséﬁt %ﬂ%ﬂép&s

out put vol tage vector out pu st gnal.

devices 3 int | ' ' ' |t r ne [. OFE by the PW
si gnal out put %Fﬂ:ﬁﬁ%ﬁ SP%&%%@%&%& 81.188@‘%1?{1 g{leo/\&'ngﬁr(gﬁé\yeaw%ﬁnof
the switching devi,ces,;3, an e]ectri ower. i'§ suppl.ied from the inverter
mai n circuit. 53e0 e F'élantguﬁ @Hﬁ ’&’shlr%isq ﬁ@?@%ﬂ?é? syAtPR-helheyoptut
current brushl eoi not or 63-1'5 drivgn. t of the cijrrents Id %nd Ig in the
d-q coordinat e’ %@Fé’ﬁ?@ﬁt" chlatony abes Rutveltagp yaster A6rVieased onithe t he
alternating current conponent detector ]1;‘5 detects alternating current
conmponent s | d 9tPYhyoltage agmarandcviglpentVal™ andiVar* ingthe dicheoatdipate giydienat e
system The step-out detector 16 conpares the alternating current
component s | d_ e ENGM) signad generator Suealedates the. PWMe sitngl deocditoalias SyiNtem

with a step-out detection |evel Error Level. 16 1 October 2004
OFF of the switching devices 3 based on a dirvect current voltage Vdc obtained

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.
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When 1d_AC or 1 q AC exceeds the step-out detection |evel Er M%cte! &%{ﬁh It
Is judged as the step-out, and an abnormal stop signal is ou pul?. en the
abnormal stop signal is output by the step-out detector 16, the PWM signal
generator 9 outputs_a signal for turning off all the switching devices 3
in the inverte HLAG enile_4C exaepdshidei stopotedetmiion devd Uirop TsheDSt is
suppl ying the el ectric power to the direct current brushl ess motor G At

the same tinmejudged aspbe atdpeonipbnd ha dbnvanbbstos ofbna0ld Qitp8ti S Stopped. Wth
reference to Figs. 2 and 3, a nethod for detecting the step-out according
to this enbodinment is explained in details. Fig. 2 illustrates an exanple
of various waveforns when the direct current brushless notor 6 is

perform ng a nornmal wWhegheNMY [ l; A a wavef gr a) i.s a
wavef orm of a phase current In%%@I:Eg?'%gch%%/altlﬁeo%lﬁ‘}tr%ﬁ{hed\éﬁgé?‘gr‘mf tor 16,
wavef orm (b) igap 3 ' rrent bt ai ne he 3-phase
to 2- phase conver@%ﬁézg{%;éf%t% ?éﬁgugt%& %&%F%‘Wnﬁc&gﬁit e@mt,egmg] q
obtained by the.3-p to 2-phase. canverfer , and a waveform (d) is a
wavef or m of an&&%?%se"? %gt%}la f énvceﬂifeiréﬂ?mc%ﬁ%%%é'n?m%é“_%@veé‘fertm@mcplmwt5 storent
lg. Fig. 3 iIISustrla,tes an.exanpl e of various waveforns when the direct
current brushl SEPIHREthe; ele P& 9wy tedre dijeci-ryrrent brushdesstoptor(@) Atstha
wavef orm of a é)hasg. l#lrent In obtained by the current detector 7a, a (b)

'C
waveformis a. Same B PP Yatign;of the invester cortrolidrt&iswdpnd. t he 3- phase to
2- phase converter, a waveform(c) is a waveformof a q axis current
| g. obtai ned by the 3-phase.to 2-phase converter 11, and a waveform (d) is
a waveformof an 17 _1 Cctober 2004
With reference to Figs. 2 and 3, a mgthod 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 1q 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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alternating current conmponent Ig_AC of the g axis current |

illustrated in cgs. 2 and 3, when the direct current brushlgggdﬁg?3904is_in
a synchronous operation, the currents Id and Ig in the d-qg coordinate
systemare nostly direct currents. However, when the direct current

brushl ess nDtdﬂhﬂmaﬁmgwprngnmutmoahﬂﬂha&ﬂhﬁgh@qmmﬁnmr&ﬁﬁngnents are created
in |Idand Iqg. As illustrated in the waveform (d} in Fig. 3, the
alternating current conponents Id AC and la_AC of Id and I g are conpared
with the step-out detection level Error Level, and if the alternating

current conmponents exGB@Etratd¥BinSIigR-Piid dekB& Hfb{‘(ﬁlkgc‘ﬁ ggxérregﬁz P%x?}sﬂl% EdTo'%s be

the step-out. The step-out is defected throug

T and 1q. vhen, ok bt opcondfe SbbASR WP oAl B4 BRI in goh Bosiaitaed” |

Id and 1. Wien, a nbtor,
Synchr onous My; | ' | nduct ance d axis .and an _inductance of
q axis differ rgén%leg%]\égéﬁ%g’r ?}Bfesc i A HESsy %W%Wué”}&%lertg‘ﬁ girecty cuzrndt ant
phase differe cesh% bsk&&}ke t hetween.a phase of the rotor and an output
vol t age phase B SPifES Pbepging out, jalierpaling gruzenf@rpenentyatecresieddn i s
based on the autpuf.voltage phase of the inverter, the inductance of d axis
of the rotor O@r?gu‘i e i dﬂt‘?‘é’ﬁ?ﬁ@ igrthg veaveorsr (4) He Fie Bothealéematingantrantach
of the inductance of d _axis of the rotor and the inductance of g axis of
the rotor has copgesenkt Id AC sadela ACef Id Andrlef areeconiprred withstinusteprniut! d
and the q axis_ current Iq are nostly direct currents. In the step-out
state, -a phastetegtionclezelcErivetinaeh dnvkif thaakenfatingecurdént congithehlfe o gisbaut
vol t age phase of the inverter fluctuates, i.e., supposing the output
vol tage phase the sthp-ounwetestionatevel,sitaindmdged tazethensieptRRceTRE $tBE-ott A% S
19 '
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 inductance 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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1 October 2004 and the inductance of the q axis fluctuate. 'Il'r@{%ggegrzgmthe d
axis current and the g axis current change in each rotation phase, and the

alternating current conponents are created in each rotation phase. As
stated, by det G, al ternatin urrent nmponents of the d-qg axes
A 0l e Ogﬁlé‘? Stﬁx&ﬁgﬁtﬁ??- oft BeRdorethe Yl axs chwrent and

currents, a fluctuation (a
I nduct ance of hti_LrF]e d .axi s and,the axi.s of the_ rotor can be detected by

q .
conpari ng w t e Y0P SPang b paderaiptiom ghase v te. aliooatidgrgisentt he
step-out in the synchronous notor can be detected. Wth reference to Fig.
4, a mechani sfPBPFORENHyaxehEreqtedxins sl rasation phasgui Anbened,tlpy dvteetihpuhe
torque conponent of the current supplied to the notor 1is explained as an

exanpl e of a SlgEnatng daretoronpouEnbodf nkatd-d .axes g;urﬂent&hg\ﬁ@u&ugﬁ&yv(gﬂart
in detecting the step-out. In Fig. 4, processing STP1 of starting to

detect the st eperation piateefthiengtoSR el indasaatd fthk s Rl rg%fgl
processi ng STP3 of cal cul ating the phase current, procesgﬁﬁéﬁgﬁl o?fthe

converting thnemrphases détetion H%h%§ﬁ§aﬁﬁ"goﬁﬁﬁsiﬂlg%)u@y%rg‘é@}@a%e%{ﬁg% E‘)ﬁ g gteep-

alternating current component, processing STPG o

out detecti oniheai@én Q@gﬁ-ﬁﬁ?l Gho b -t 1 | P rocessi ng STP8 of
termnating in abnormal con |{}i on, eén@tgggggﬁ%éwg%@ Ct&'@fhr?i‘#%g‘it% I n
normal condition are illustrated. A flowin detecting the step-out is
described as follows. In processing STPl, processings of detecting the

step-out are start egx I Qcessi TP2 0o detegting the phase current,
the currents |u angwlm\;/ﬂ ?%fe{e\%ﬁegﬂa@gs stgpE oL pgiggthecd taxiqcwment Ig
brushl ess not géuﬁ'@fernjtdet ect edt %)% the current detectors 7a_and 7b. In
processi ng STPIUFEHR IRAURYE tHaus Amronant of the cymentannndieddolthe mdtor

is explained 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,
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1 Gctober 2004 Iv and Iw in three phases are obtained based lqgctg,]g@zgggrents
lu and Iv in two phases obtained in processing STP2. In processing STP4 of
converting three phases to two phases, the currents lu, Iv and Iwin three
phases obt ai negvi Na.7r 8¢ SSi ng STP3 are co g}erted into the currents Id and
Iq in the d-q Cobf gt TG PRaRGs 15 ghtaioed Srmed arpie enrrawtsdar andyIv hetwo
alternating current conponent, the alternating current conponent |qg_AC of
the q axis curpéﬁfesl é’téﬁ’f i e opessing 8EBsi hypSTessing STRL axficenvéryingsihpge t he
hi gh-pass filter. In processing STP6 of conparing with the step-out
detection | evePhagefeto twe phasasi the currentst Tug dnpaidelivt il GuAC pHastdebehided fn
current 'is conpared with the step-out detection |level Error Level. If

| _AC Error LepwdcesiingiSiPJ amgedvased hetoshepu@biits Ianehdt1d8n RLOBES SR S
to processing STP7. If 1gqAC Error Level, it is judged aﬂg t he sﬁ@ﬁr%ﬁ%ﬁg

operation, andsystempr §6QasLddgingUTER5 0 dBtREARS ThE A SHD; ' TP7
of stopping by the PAWM when it is judged ag t he ste%%%?ulﬁéﬁgr&gt%é}g@?g

STP6, the PWV sh@aBbsmdiifh eabrbROcah S\t @hy Vi ces to _stop, are
out put by the PWM si gneﬁ@genér at%r ]g111%1&3(1_%60?%%gaqq‘?%%urg?nﬁ%&?m&,é}

controller is ﬁﬁ&ggggg_S@ﬁ%qgg&%é@g%gg’ig%etﬁfggué%h?%nﬁ'sr@%&ng i n abnor mal

condition, the processing o etectl "termnated in
abnornmal condition due to the step-out. In processing STP9 of termnating
in normal condition, the processings of detecting the step-out are

termnated in normaly condition ?g sftated,, the step-out in the direct
current brushl ess morodoFeSSHs BEEB Pt cppralipg orith he,step foud detrstiondevalethe he

d-g axes curregfts at. the ti of the normal operation and the d-q axes

currents at th& CTIRIL COTERh PPt I9oAC of the q axis current is compared with
the step-out detection level Error Level. If Iq 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.

20



| October 2004 Therefore, the step-out can be detected nore

according to this invention than a nethod of detecting the Izﬁﬁgg@%t&?bxbased
on the overcurrent state according to the related art. Further, since the
g axi s current,.l ui val ent to the output torque conponent of the current
supplied to t@%ﬁﬁg?’ 1\5[‘“59 steEpBkt fande defecisd warp@ecunagelyuaccordingetoe thisng
of the step-out is nade based on a |level of the q axis current, an error
in detection dBNeMappékan phawetioss of deppctie dloe istap-auteb adeticom shé ngercnuranant
conponent of 1q, the step-out can be detected nore accurately, even if the
out put torque staiediccorsing b thesreFatedilnet., si nce a variable used for

cal cul ating the output voltage command values in the inverter controller 8
is used, a nechanism e.g., induced voltage estimtor, etc. is not
necessary. Therefore, the processing for detecting the step-out can be

sinplified. Wth refergigesitee khd g érdsaéﬂl?fsé?ﬁrlqeéﬁﬁpél?npfto the oﬁtgﬁt?f Q&tqlug

detector of the synchronous notor in Enbodinent™1 of this Inv I on

expl ai ned. A ganfohakt af i;lpé‘c@xfre@@uﬂ}giéﬁrttcﬁﬁgqﬁ&%g 3L 1%?4103&535@%0? F{J‘g@ﬁt]t

Fig. 5illustrates various wavertor at Ime o

b hi | - ' g g. '
el orm of o oHaes arri e BRaRieia hoolee Don AL Bk b pufeche,

waveform (b) is a waveformof a d.axis current Id obtained by the 3 -phase
to 2-phas(e )cor%}le?fré)F,magﬁ’/\tiﬁ%?lbrcﬁ?(%ppieg' a’f'L@ﬁ?‘EPogPh &te%{m&:’ éik%/ salﬁ%‘ﬂﬂ@'ﬁg I q

obt ai ned by the 3-Dghase to 2-phase converter, a waveform (d) is a waveform
of an alt er nat™FFE FPRRARERG Ehg steg-out cap hgrdeteted more @ccwinselyo0@a if

the output torque condition varies

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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g axis current 1q, a waveform (e) is a waveform of an absol yt I q
,AC |1 of the alternating current conponent of the q axis cﬁrggﬁﬁér\%ﬁpjéh S

obtained by rectifying the alternating current conponent .1 g_AC of the ¢

axis current, and a waveform (f) is a waveformof Iq,._  ACF it obtained
by filtering thexiabsotent&q, vahuefonh (&)e aal4RFGat bigh SRYOLER aEPé'PRf!g
the g axis current by a lowpass filter. Asillustraté)di;V I gS. E}’tn()?S,

when the dir echecalteraatinrousfin® SSmBh ekt of thel § afl operation, the
currents Id and 1q in the d-q cooﬂ?{anat e0 ?ﬁs?$83$gf%%§ﬁd§roggwefT;.y
currents. Howerefifyind ek L10& G LI hk gs tor.is stepping
out, alternating cyal\ri\?ent corrn%g%lgﬁ%lgﬂglrtg&@ g%%gaf‘hé Oiggtgﬂdlqs&urg@t, and a

1 ustrated i nyihe,ue f]‘g;&vﬁ\%eg b gl" P £ 258 bESindd hyeglisring he heatuta

Fil which are obtai ne

alternating c 0 nents of Id and Iq by the |lowpass filter are
conpared W t hq{ag‘g%ﬁ @ﬁ?%g‘?m& EAUERt caparnet @ithe g\astis cutrenhby filowearasd

val ues exceedﬁclghe step-out detection level, it is judged as the step-out.
The st ep-out {f- be detected through this operation. Wth reference to

Fig. 6, as an exanple of the step-out detector, a nechanismof using the q
axis current 1q equivalent to an output torque conponent of the current
supplied to the notor is explained. Fig. 6 shows a flow chart in detecting
the step-out. In Fi§siBustprieddnFigy 23 5, vledn dicatitdcdguient BAlBSisstiGior
step-out, processing STP2 of detecting the phase current, processing STP3
of cal cul ati ngs thex pnadwonars epdratipn O61es SwfgntsSIP4na TCRANMES bi o
phases to two phases, processing STP5 of detecting the alternating current
22 1 Cctober 2984m are mostly direct currents. However, when the direct current

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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conponent, processing STP10 of rectifying (calculating the | ut | ue),
processing STP11 of filtering by the | ow pass filter, procgéﬁﬁﬁ%‘ﬁf%ﬁ’@z of

conparing with the step-out detection |evel, processing STP7 of stopping by
PWM processing STP8 of termnating in abnormal condition, and processing
STP9 of termnating ip normal condition are illustrated. Aflowin
detecting the C&P‘éjﬁ’%%ﬂ PROCEHELRG (-,Jc}toa FQ?F‘EW . Cﬂﬁ“ﬁr"@@e@kﬂ Agsolatepraluehe
processi ngs of detecti t he teP-put are started. |In processing STP2 of
detecting the %ﬁ%%sél%%ﬂtl, Ofrﬁé XY Ot thel lovgnasy lten pweceptingeSTPUpA i ed
to the direct current brushless notor & are detected by the current
detectors 7a SQEPANING Withr HeesteprortIieaction leakk predeissig gt STEPp A stoppitg &5t ,
the currents lu, Iv and Iwin three phases are cal cul ated based on the
currents lu ai&Myvprionedsing SAESa tohmhhiatdy innalpfonead sbiditi5h Pand phocessing
processi ng STP4 of converting three phases into two phases, the currents
lu, Iv and | w3TP9 bf eemiphiase sn abiraiinedditihnP@GRESrRGISTP3 are converted
into the currents Id and Ig inthe d-q coordinate system In processing
STP5 of detecting the alternating current conponent, the alternating
current conponent I1qg...AC of the g axis «current |1q obtained in processing
STP4 is detected hy | ] filter . . sing STP10 .of
A!Jﬁéﬁagntdtég%?a%hthgas\%}% 81%% %S s%nlk«% ?é’ f")cﬁ%%vs Drocessing

rectifying (calculating the ute ernati ng

conponent |1q_ e l: rent. .obtained in rocessi,ng. STP5 i s
rectified, an'c\q an ’a%%o?%l)tcg%g\}lggiék Id%Peﬁfﬂ& eo%@'éfﬁi@eisgaﬂ%‘t Boceping
processi ng STR fefdlterin 1.1g AC | is,filtered_by the |l ow pass
filter, and a #ﬁ?@?éﬂf&lﬁ%&"ﬁe&iqug@%ﬁwrf%@ %Pﬁé:ué{fsn&? &‘t‘e“‘q}giﬁﬁén dot phaseg 1
Cct ober 2004

-3

supplied to the direct current brushless motor 6 are detected by the current
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 Ici obfajned 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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alternating current conponent of 1q is obtained. In processi 1P f
conparing with the step-out detection level, Ig ACF | and 1?%%%"{2%9‘8”,[
detection |level Error_Level are conpared. If I1gq_AC Fil > Error _Level, it
is judged .as the step-out, and the processing goes to processing STP7. If
lq,-.AC Fil. <.Error. Level, it is judged as the synchronous operation, and
the processi r?&Fﬁf}@gmgoc‘HF?f&teﬁ%rPH%“%‘fP@ﬁ ?‘l As ﬁ&’é@é‘@ i np orpeessings SEBPL nef by
the PWM when it is judged as the step-out in processing STP6, the PWV
signals indi CoMBRMing withchewstepriuigdeteotion deselt dasABpFar endutheustdpyotthe
PWM si gnal generator 9, and the operation of the inverter controller is
stopped. | n plaedtion kyelSEpgr dievebrnt panpagd nbnACTEL SoElirtd ORvell Neis
processing of detecting the step-out is termnated in abnormal condition
due to the stegpdged .as tite pracessi agl IRP%Btedsaidiznas iti0plRe AW FETPT.  If
condition, the processings of detecting the step-out are termnated in
normal condi t iToNACABiISt Ereeh kb6, $ ROAEL 28 thBeyAikeeabus br, sS
notor is detected based on the di ffgruelﬁce bet V\Bgﬁ tlhe %-gbgﬂonél#??&s at
the time of th{oRA% RPET SrocOLki e ¢ : t the, ti of
e I g0 Bhde 1@%@’1@9 ?%g)r%gﬁg%'f‘lg@ of s@o&)gb?%lbgl@%

stepping out. Therefore, the step-out can detectfed nore a

according to tfsgi I 4 aod . f. gtecti - qut based
on the overcurrent’Vg}%{gl??éﬂlggggg‘%{ll%gﬁf%g&pﬁg[tfr"lgﬁ)ﬁ&gas%gtsﬁéﬁﬁﬁ?w?’r@n Saxi s
current g equiyual ent t0.the output ., torqu cexngonent f e _current
supplied to tﬁ%ﬁ%ﬁgg alljs)tkber SHHFT N ‘?Vl?ec&l' gtt?lég%g’ﬁl?utp%&ifuél.e R engpad, | 1
the detection of tkks S eg‘é&)ub@i-s made simply.based on a _|evel of the ¢

axi s current, FREELEL ot JOLRIGHOR Ve b iR et seitrollery s stappedbedn2004

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.

rd

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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accordance with a condition of a velocity or a condition Ofl%)h&?%zbﬁﬁq“e'
Hence, the configuration becones conpl ex. However, by detecting e
alternating current conmponent of 1q as in Enbodinment 1 of this invention,
the step-out can be detected accurately even if the condition of the

out put torque acy@dagte withid abhditioRVEMNal Felédl§ dr AXksn&HOACH a IBLE GobguiSed
for detecting the step-out, since the d axis current val ue changes

according to t t It nch to .q.,

Vel oci ty and Iomif arucitinganth batnte bATRRKIT HB0RS I haedul ihe
accordance wi i1] | QGi or .a ndi ti f.the | oad torque
if detection 0 e??]%&g g&%ﬁf g%nélgﬁ%%% O@ﬁﬂﬁfﬂ”@:‘iﬁ%ﬂﬁmﬁg q?é]{?élmﬁ?m?%t €axi s
current as in the rel ated t. nce, the configuratjon beconmes conplex.
ronever by actaterbit fE Bl SRpdneront e moRER ool cutay: farduc
Enbodi ment 1 of this invention, the step-out can be detected accurately
even if the ofé&Ffi on condition of the synchronous notor varies. Further,
since the variable used for calculating the output voltage conmand val ues
in the inverter controller 8 is used, a nechanism e.g., induced voltage
estimator, etc. is not necessary. Therefore, the processing for detecting

the step-out can beSinilpilyf ewn. ifThend ais absehtitvaluaisiasdd oA Geteciy the
alternating current conmponent |1qAC of the q axis current is obtained, and

the absol ute wadpuent, sifice tier ddatly cubfent!wiPeBenfds 4@brdifg ARt tcNoferhiibd €r ed
value I1g*"AC Fil. By using the filtered valued for detecting the step-out,

]ngal accuracy lctnditioaCifithe syichibhERs idtors 8%, RRIRy larfdCloaRebrqed0thd SBH Qued as
detection level must be set in accordance with a condition of velocity or a
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 alternating current conponent |q_AC of the q axis currgmy. DBy 7004

I ncrease due to a rapid change in the |load torque or in a voltage of the
direct current power supply unit 1, without the step-out being occurted.
By using 1qg AC Fig.l for detecting the step-out, it is possible to prevent
an erroneous detection of the step-out in the above-stated state. An
exanpl e of setimiprgvechas flleprsout detection | evel for conparing at the tine
of detecting the step-out is explained. Even- during the synchronous

operation, the alteflhatalgnatibkaimaapaifiient dgAC OF thhey Ex@XduTr&i! e
value 1q is created due to the fluctuation in the |oad torque, etc.

However, a | evgbreake duA® LFHAL eHanfe &1 DY IHBH tBRRIA 9N ivﬁlt%gér"gf tl{le[]&?%c%

| evel of Ig_AC created at the tinme of stepping out. There
possible to sef, é?ﬂ;ﬁ)tvﬁé} i i L whi ch, i ,.hi gher
than the |evel g‘ft I"gAC c%;ggghﬁﬁi’tﬁghﬁgfﬁg% Si’%gﬁgrt\ébi%fﬁ@ﬁo%{lﬁlarq}homgy ‘t‘%‘ﬁﬁ t he
| evel of Iqg_A e ap the ti f steppi.ng out.. . Since there is a
clear differ eﬁfgegge?{v&ggoﬁ @%tga?%%/g‘rgg eﬁ'&‘i%égésf' gg?%‘(tﬁlei'i‘? RYRYent gRpggroneous
operation and §he |lev of 1qg,. AC. created at the tinme of stepping out,
the error detdteeé?qt'c?r’i‘ cﬁjé;%}glswc?é?\utﬂ& t?@tarbg‘é%“ﬁtfe\}?‘i%t"exarrpl e of a set value of
the step-out detection level is explained. At the direct current brushl ess
notor requiring a current of approximately 0.5A in a rating operation, a
| evel of an average value of the alternating current conponent 1q,-AC_ Fil
of the g axis currefit example sfseifing thetsten-vithdetettiohevebformbmppeinatdtahei s
50 % or less of an effective value of a rating current during the rating
operation. Hovtmerof détectimy dhe afie-net v explpinadal ByveR6ddrif tthbesyndBhoak t he
alternating current conponent - Iq_AC Fil of the g axis current created at -
operation, 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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the tine of stepping out is 250 %or nore of the effective vlaé&gbé%fzopjge
rating current during the rating operation. Therefore, it is poSssible 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 arid thealtgrrasing cwruentenmponkh e ACAF dfehe @aiPbaroft $8idling t he
step-out detection level is explained. As an exanple of a |oad of the

synchr onous ndhertime nf atappimge eas &y 250 5 peaio2b lof tRe %ﬁ'@&'i\%%lﬁe%tfﬁﬁh Qg&gg
the

rotary type of which load fluctuates much during a rotation,

2Tt 175 Clavoms oot st e o i EULL SRl 1.1

slightly larger because of a torque ripple cause

the 1 oad.  Hoveaxerderb ARl oiPF0dsh R 86 SHERRLNGIOH e e Sing® S SRl

Therefore, for such conpressor, It iS possi

detection | evelhnsili Ly, i 4han,a +equl ar | evel. |In the nmethod for
detecting the s?elf)l?%ﬁg a%nﬂgggﬁéﬁ %@thhf t!)"*cg?ﬂil%“ 1 p dprauerpnslothe direct
conbi nati on of i nyerter apparatus and the direct current brushless

notor, the curc}ﬁe?ln tgﬁ Bg‘?'ed to the direct current nmotor during a |ow

velocity rotation may be I ow. Therefore, it becones 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
regul ar operation fBgtheserampe efrsettige thesteptont deetion lep tubxplg@eli nues
till the step out is detected. However, a tinme of step-out is a few
seconds, and the cuffdmt exajuplsl of 2doad of kiee sphcmonsud ks, §RaN chitfraskiy ent
supplied to the notor during 27 1 Cctober 2004 the rating operation. ’
Therefore, thepredabahmestpressoadt singleueted Biet dfewhich load fluctuates much
during a rotation, the alternating current component Iq 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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I nverter apparatus and the synchronous notor. \Wen a velociqxj&gh&ago4
brushless notor is increased or decreased, the alternating current
conponent is created in the currents Id and 1q in the d-q coordinate
systemin sone cases. This can cause an error in detecting the step-out.

|0 such, cases. ik hassleenp QubioRan e ELaherh WIARGAnBALL LMY o

I ncreasing or decreasing. the velocity instead o ormng a

for detectin S =, | riod of increasing or decreasing the
velocity. In ?ﬂ{é&ﬁ lo"%&ﬁ%ﬁgwss%%gﬁ egﬁfor?ﬁug%“g’f'ep- out in Figs. 4 and G

when the alternating current conmponents are detected in the currents in
the d-q coordinate systemin processing STP5 , the accuracy in detecting
the step-out can bg.inproved, by detecting only a particul ar frequency
conponent by using Wt Jelpsity ofjthe drushipss {npg@tlslmmeiawd Ir daskasatntthen) ,
etc. An exanple of the particul.ar fr_equencg conponent is a frequency tw ce
as high as a RHEHuRARY cBIrent comporey iswreated fin dhe cherents/ Bt ted Iafipahatdis.
This is because, in the operation of a four pole notor for exanple, the
currents in tkeondinpteotystimmatesomyes tasesat Thisheart tamseodn SFRpANNGetetting Pgé ude
a conponent of a frequency twice as high as the rotation frequency of the

vol t age out putstdpyouthe Inrsueh asesa dpastebust cdhde Resdted dhidingld SAUSDEYehou
conponent is determ ned, for exanple, based on a nunber of poles of the

nmotor. As a mimdredsihgrord@dc@edding th@&eﬁdcﬁ@'ﬂ'dﬁeaﬂcﬁoﬁ&iﬁﬂﬁﬁhg 5?5?&%&3?%11 a

mechani sm for using the q axis current val ue was expl al ne I'S afso 28 1

Cct ober 2004 @essetibl@hb Stadb@cdurd a%ﬁea%inch?ga&%%éeé}gasgngéﬂéve bt

value, a difference between the axi s curren XTS cuf
command val ue, and a

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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di fference between the q axis current and the g axis current(ﬁqnnagg The d
. . 1, October 2004
axis current command value and the q axis current conmand val Ué ar é

command val ues for controlling the synchronous notor appropriately in
driving control of the synchronous nmotor. The d axis current command val ue

and the gq axi s gMELeNt, GOERR [ r et er m ned based on,an opegration
condi tion of thlgdéslynchor onousﬂ%o%/tgb%%gge H%%E?élp@)ﬂﬁtcuf‘%enaéﬁa@&»@d EQeon
the difference d. axis current and.the d axis current comrmand
val ue or the di@?@r%ﬁg}elgE(gt%eﬁurr?weaada%esg@tﬂsr SRtrephgommeand yelue, cand ent
command val ue, f{.} stlg d&fer nces , between the currents in the d-q
coordinate systBHIERAC PREvean thet axis srisat end tlee qiaxis tarentrormpadinatke d

system are obtained; the currents in the d-q coordinate system are

obt ai ned by thé*32 SHESE¢oranphd sealseranst the o Todsocurmnn wekih fgd ayLus ek
value in three phases_ obtained by the phase current calculator 10 to
current val ues cPHnEaRd dradueso doddicontrellings tthen syflokronous! hetaatdppgo i kBN tin
conponents of the obtained differences in the d-q axes «currents are

det ect ed. Then driving easirolosfahefsyhtierod et aiobst. AlTherd @tk Rt boRttna d value
conponents of the differences in the d-q axes currents Is corrpared1 vﬁlﬁ a

predet er mi ned smdptheuy aﬁe\b&hrﬁt%ﬁimaﬁd\daﬁﬁ%ét&%ﬂﬂheg%aﬁ%&é ggta%a?ge\é\gﬁgnt he

g axis current value is used for detecting the step-ou

current is equicvidi€ivh df $h@sh NS EARPQReNt of the current supplied to the
synchronous notor. Therefore, when the alternating current conponent 29 1

Cct ober 2004 created in the d axis current is high, the fluctuation in the
out put torque of the notor is big, and the notor is in an abnornal

operation. Even in awphL"gle step-out is detected based on the 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 obtéu'ned by the 3-phase to 2-phase converter 11 fér

. 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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operation, the alternating current conponent is created in tlt@t e?)ﬁb 4
current by the fluctuation in the |oad torque. However, e alterfa I ng
current conponent in the normal operation is |ower than the alternating
current conponent created at the tine of stepping out. As stated, since a.
change in th | s he.nel d 1o.an .operation of the, notor,
it is easy to%r%tggﬁglﬁ‘?gﬁ er%%gnlg?u%}bgﬁég iu8€1ua (e ]f‘&gleé)flé?)qto@?‘.iue of the
Therefore, ac (§t§ rf% to{ﬁgﬂ& mechani sm for. using the q axis current for
detecting the's %) hte PRGN ft BRRPRIRAL aRpxption ot Even: i apporsral
easily. Wen the{a}.}axi current is used for detecting the step-out, since
an alternati 7§t e@i"ﬁ’ﬁ%‘?‘l‘éﬁg Chrepf semBaneny isseatedingheur awistcuatentthe
time of stepping out as in the gq axis current, the step-out can be
detected as i rbYa%é@aéblct'éﬂthménqt@(ilO@ senqnent Howewer, btiten alteen atimgicorsant ent
and the q axis current are used, since the step-out is detected based on a
plurality of dema@oneniistthe- numalanpdetidetiecledr thane the elitedheliNg dulrdnt

al so possible to convert the d axis current value and the q axis current

val ue into at compshemnercatyd af thalgtrCifl ftgppakiRitby Al staed2sint0 A GHandhn
conversion and an arithnetic expression, and in such case, the step-out

can be al so deheaf etisrourferdCe Bé @bMted Mol ofbralib cﬁ’%‘éelm)toinﬂ; i%*lfasg X! s
current, it is general to define a nagnetic-polar direction of the rotor

of the notor astidifrish 3KbST10RRG %P@Hﬁ;&& é&%'th@.%&é}ﬁ&ﬁt?%%rg@}r’%”&&& 538

degrees in a rotating direction fromthe axis as the ¢
when the synchyonp ol ' ,4:n0 sg Lioning-sensor, it IS
difficult to det ec%lﬁltaﬁg&g-faf E&Sg'ié é@%%?%%r%ef%f%&%‘%%gﬂ% Stdp-aut, 4bg

step-out detection level, etc. can be set easily.

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

30



which an axis equivalent to the d axis is defined as a c5 axi§..a0doBhy axis
equivalent to the q axis is defined as a y axis in a coordinate systemfor
controlling. It is needless to say that a sane effect can be realized in a
same configuration with the d - r axes coordinate system In the
above-stated enbodi nent, an absolute value of the alternating current
conponent s of agianeedgbaRB dlegtresdnta rotatintdirastign fagra thadd apissuthe dwxisue i s
filtered to obtain an average value of the alternating current conponents
of the d-q axébvoaver,embhen thiospohronmrs ebtoedd duieew alithoud fp ositeniad-tersoatitng
current conponents of the d-q axes currents can be treated as the average

val ue of the aé tdeffioalt fodetect ehé de@ruxes entwraddlyt MEhalefprax disere Uil £thse in
Enbodi ment 2. Figs. 7 and 8 illustrate Enbodinment 2. Fig. 7 illustrates a

confi gurati on yafich e kRS BYalBRPYS TheIY akisds BnRAWS 8 B! AWsCAA bni fxis
detecting the step-out. In Fig.. 7, the direct current power supply unit 1,

the inverter aaRAIAIE tho LNERLNIAENL Af o S hEDIAG, 484 G Sie3syhbR for

U phase. upper ching i ce : p%ase upper sw tching ‘device 3b,
t he Wphase u wi t ghi.n Vi : h | I Lt ghing_devi ce
3. the Ve pha gl | S0 Setieheal ol snal® st R GRLBP sl R ERARY
device 3f, the urality fl ywheel diodes 4 copnected in parallel to the
plurality of E‘ﬁﬁﬁﬁamd%@ﬁéég T qoﬂ@?@rsyﬁ%nﬁ circuit 5 including
the plurality of switching devices 3 and 31 | Cctober 2004 the plurality of

fl ywheel diodes 4, and the direct current brushless notor 6 are

illustrated. The current detector_ 7a_detects a phase current_in _one phase
anong In the 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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currents supplied to the direct current brushless notor 6, qqi:&%gz g4 rent
detector 7b detects a phase current in another phase which i's &l erent
from the phase detected by the current detector 7a. The inverter
controller 8 controls ON I OFF of the switching devices 3 in the inverter
main circuit 5 based on phase current val ues detected by the current

det ectors 7a trcplabalifhhe el divdbs aened BOdir&tI0rRMRALeasRIBS RWM.Sd gnal

for controlling ON/ OFF of the switching devices 3 based on out put

vol t age comejidisyalid@s obtained in the inverter controller 8, and the
phase current calculator 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-phase converter 11 converts
t he phase current | ues in, thre hases, obt ai ned by the phase current
calculator to curr Zﬁﬁ‘e R dth?“Tg’r ’Paqaetéﬁtﬁradpﬁﬁ‘fee"wg?%hﬁ‘ ORAdPhage aengage
command val ue cal cul ator,, 12 oa'; ai_ns = out put voltage command val ues in the
d-q coor di nat BEERISHRdedGtq the) direre cugprb brugdilessemotey s Brdsthenstmmenthas ed
on the currena values in the d-q coordinate system obtai ned by the 3-phase
to 2-phase cofeierior 7o1deteqtiea phagepenrren| inageother pbase ahich i ditferSntofybmi ns
an out put voltage vector based on the output voltage conmand val ues in

t he. d- q coor dihfapbasy setasteshbai thedciogrent idetectirt dge ThemmmertenlcoathoBbe@ at or
12, and the direct current voltage detector 14 detects a direct current
vol t age of t heondiale ONJUOFENS thevewitchippldgvidds B iaCtlabRrve?@QAnbid birduit AN

out put voltage error detector 17 conpares a scalar I W'k | of the output

vol t age vect obaséd*onojili sHernadrdnyt viahes@letdpidd Vo tho@arMaCdRbetedd T LAY 9p. 13

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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with the step-out detection level V Error_Level , and a steqkﬁ&5‘9§bggtor
18 detects the step-out based on a conparison result fromthe output
voltage error detector 17. Wth reference to Fig. 7, an operation in the

i nverter apparatus configured as stated above is explained. As illustrated
in Fig. 7, in u#th& i.nverter apparatus 2, the current detectors 7a and 7b
detect the phase currents in two phases anong the phase currents supplied
to the direct current brushless notor 6. The inverter controller

8. cal cul ates output voltage command val ues, e.g., voltage value, voltage

phase, etc. output by t ' r_mi ircuit 5 for driving the direct
current brushl ess m%%roggl?ﬁtgﬁ@%fﬁ B’Pf?’é_%leﬁaé’%qs SPTYRATess 3 scplght borT i elgthan /
OFF of the switchin Hﬂi[fel\/i ces 3\} Q tbhe_ [ er@er main circuit 5. The PWJ

JRlteES VERgE M0 7l e

signal is outplE®HY PHOE VXS robtaine qtpat yeliaasweectorTemoyhtosel 3
current cal cul atﬂ] 10 cal Cu{filt es phase_currents lu, lv, and Iwin three
phases based oRlhiieatepeowt detasiian levehna Eryorgbeedt endby stdpeowtudetentor 18
detector 7a and 7b, and the 3-phase to 2 -phase converter 11 converts the
phase curr ent 9eteefs the stepnentihased o wreoemtesishdl remdt frqmi thet dvepdt GoleQRr i@t e
system The voltage conmmand val ue cal cul ator 12 cal cul ates out put vol t age
command val uedeteetor dAd Vg* in the d-q coordi nate system based on the
currents Id and 33 1 Cctober 2004 Ig in the d-gq coordi nate system The

out put voltage vector calculator 13 calcul ates output voltage vector VWx*
based on the output voltage command values Vd* and Vg* in the d-q

For controlling ON / CEF of the Su e natgchstaben il heSnBftel iy
configured as stated above is explained.

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
cﬁrrents supplied to the direct current brushless motor 6. The iﬁverter
controller 8 calculates output voltage command values, e.g., voltage value,

E 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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3 based on a direct current voltage Vdc obtained by the dir I

vol tage detector 14 and the output vol tage vector Vx*, andqg%ggﬁ%g%p%e PVWM
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 oper at i bninfthehé-gsvédrdhiate syetentesTiRe oabpel @6ltaEEC VR  cal G StRP] 5 €d
from the inverter main circuit 5 to the direct current brushless notor 6,

and the directalowiat@nbulpSIIRSE WRERIVEH* iblaséir b &Re af vﬁaﬁagé'%o%ﬁ@%’ .

vol tage vector Vx obtained by the output voltage vector calcufator

Vol tage error darecter 0o Frah e EITURERRL ek SHICHRAY WAL FeoBiiihie
Vhen the scai af Seddrer Md Poiligh R ns e chEL o5 Gehe svbhimgderies
Whon the scal o Pared g Hdiggct i eiuisliate Sie aliainel borbesdinect cewsabaPiags he

st ep-out det ec%itorlﬁol vel tg@Error Level, it is*j udged that the nornal
synchronous op®r&iPHA4iand theopgewetpltags vactor 't and cutrds the§ Wissignslput
voltage error, if I Vx* I is belowthe step-out detection |level V Error_

Level, the step-out detector 18 judges as the 34 1 Cctober 2004 step-out,
and outputs an abnormal stop signal to the PWM signal generator 9. Wen
the PWM si gnal generxeorwitching dieviess 8hie the horertdr mhipcistdn gl are ttienedPOid /
signal generator 9 outputs a signal for turning off all the sw tching
devices 3 in ORE liynther POIM migial outputi by the PWM RExfa Fen biatBr 9OPBY 2k GEI pf
the inverter controller 8 is stopped. In this way, the step-out can be
det ect ed. 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.

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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Wth reference to Fig, 8, an exanple of a flowin detectingit c‘:t‘olf&%ozfm
I n Enbodinent 2 is explained. Fig. 8 shows a flow chart of gle ecting the
step-out. In Fig. 8, processing STP1 of starting to detect the step-out,
processi ng STP 13 of detecting the output voltage vector, processing STP14

of detecting seepsewd, abdQhutHie DUAPAIMAlstR0RNEThe FWPREESRANGerel kot Of

conparing wth the step-out detection |level, processing STP/ of stopping

by the PWM  myR&esisd PW@EP@?]@% eh &R P B el E}}eagﬂ&rrﬂﬁh sﬁ%ﬁééélgfhee d?’WIR%

processing STP9 of termnati I'n normal condition are

' or ocesgi ng eyt pAeRUACEaRRAT - Rl S ThT kIR A B Fefthind Guictadin™
o br ocessi ngBSTRIR b miiar Bebihcb o A6 URe st HA, GBI b B, oLl or

I Vx* | of the ouéput .vol tagtf \_/ec%gﬁr) Vx* detected in processing STP13 is
obt ai ned. | n C°ppFedess iysterped.s Tyrthaypn tha gtap-qut candedatpetedt | evel , the
scalar I Vx* | of the output voltage vector is conpared with the step-out
| evel V Efror Level. If | W* | <V Error _Level, it is judged as the
step-out, and the processing goes to processing STP7. If I VWx* | k V
Error Level, it is Mithyeefetdnat to Fog.rfpanedxanmle cha doeun dytectirid the step-out
performed, and the processing goes to processing 35 1 Cctober 2004 STP9,
Wien it is judgdiimbsdinbenis? ep-eaplained. priiges sshowrs STRG chage HVWbebenalihe
indicating all the switching devices 3 to stop are output by the PWM signal

generator 9 i Btep-e€LsSSINFISTRY procehsins’ ST bhatakREaLs Qlbtelt e skéﬁlﬁﬁé,éf
controller is stopped. In processing STP8 of termnating in abnornma
- processing STP13 of detecting the output voltage vector, processing STP14 of
detecting a scalar of the output voltage vector, processing STP 15 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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condition, the detection of the step-out is termnated in alnLsmd: 2004
condition due to the step-out. In processing STP9 of term nating in nornal
condition, the processings of detecting the step-out are termnated in
normal condition. When the direct current brushless notor is driven, if the
out put vol t aglTH% not enough to maintain the synchronous operation, the
synchronous operation can not be naintained, and the step-out occurs.
Therefore, it is possible to detect the step-out by nonitoring the out
voltage level. It is possible to detect the step-out by the operation

il lustrated in Enbowfent: i@judgﬂl%s%ﬁ@|s_€b‘io-dut\{ﬁ:;)irbce@gintgtﬁ‘wthb”PW‘lﬂlhsgggﬁs

vector changes according to an operation condition. eréfore,

st ep-out det eg §RRtiheVEl i & ' to be .setaceorg to the -
operation condition. gAs g?éa?ecie %ﬁlé&\es éees-sgu%?Q%OH %ﬁe&&?}lé&v t&‘ﬁrw mgna&
brushl ess not ' t - d tin he difference in the scalar f
Vx* | of the (%%PB’ELJ#O%?I ?rgéfgg?ﬁg%%ﬁ rg&\EZ’t \?ﬁﬁgrﬁfﬁ'@rnthan%ﬁer@ AR H g wiverter
operation and th@ Ijrtéep-out. Therefore, the aghgﬁ o#t can be detected
according to CRPYOHEL HEdSWBPELac dBr BI®PSSIRG hett ARINEAtngr 1y etliormed t he
st ep- out based onp, . fhe ovgrcur,renéth@state accordin o the related art. 36

t
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command values in the inverter controller 8 is used, a mechanism e.g.,
i nduced vol t ad® thestematter InarecessinendTPH of demaingtingdncernidlecopdiives thag
for detecting the step- out can be sinplified. In Enbodinent 1 and
Enbodi ment 2 ®kogessings ofdetecang thistegioudatre terurinetdd inmoshiad genditiohor i S
given as an exanple of the synchronous notor.

When 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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However, it is needless to say that a simlar effect can be rgali %ﬂ Py
. 1 % 0
using a notor such as a pernmanent nmagnet synchronous notor, Synchronous
rel uctance notor, and swi tched reluctance notor. A conpressor drive of a
refrigerator and an air conditioner can be given as exanples of an
apparatus in which the apparatus for detecting the step-out 1in the
synchronous notor according to this invention is packaged. By packaging

the apparatus for detetihBOdriih1stRRd Feit cél@ufahtﬂﬁlgcﬂ{épﬁlgiﬁﬁgrvo@'tralh'\éecorﬂrﬁ%ngs

possi ble to solve the problens arising when the step-out contrnues,

noi se of the ¥ ' My ' e to vibhrations of
t he conpressg?gﬂﬁgﬁgg%é???g€$§%&8¥ﬂ?ﬁ%&§§%ﬁé?nﬁgggngg%(?%en}‘F@P‘@ e
notor, and a danmage ip a sem conduct el enent of the inverter par at us
due 1o an | nérRREEY R fuBELRPRRLEIY ACHERER ABY ProcessiBE o Aeer e thb staror
and a reliable air  conpditjopner can be realized. A fan notor drive of the
refrigerator &AHHC¥hEE SITRD i ti oner can be given as exanples of an
apparatus in which the apparatus for detecting the 37 1 Cctober 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 possibl &mnbodiviensd 1 amdpFodiodimert §. of thisoinventibng ke fdirect
notor, vibrations of the fan notor, demagnetization of the magnet used for
the rotor of therembthanshlzas naotorldsaeen as ans exaapledofctlny sphdirebud mdthe

i nverter apparatus due to an increase in the current arising when the

st ep- out cont iHdesrer,At 49 hdbdlaby to Say tlelti AlinE1dredffdcd 84 be realige®by Ysirabh e
air conditioner can be realized. An apparatus for detecting a step-out i.n a

synchronous np@bor such as a permanent magnet synchronous motor, synchronous

, a

reluctance motor, and switched 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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according to this invention includes a current detector for1q§ta&&b@g4a
current supplied to the synchronous notor, a d-q coordinate converter for
converting a current signal obtained by the current detector into an
exciting current conmponent (d axis current) and a torque current conponent

(q axis currentih, odp; ' rent conpanent .detector for obgaining
al ternating cu%t}%r?t @1%(?%%3?1}%65 ofaqﬁétal gécgg&g&rpiﬁ{sgngmtéqw@aa ag%ﬁ, AT
coordi nate co ter nd a step-oyt detector for detecting a step-out by
conparing at P%%Cgﬁa%&?e&‘ fappér?%ﬁsﬁalf ﬂ?\ttjc’%g Lo tepmidndhe S moteredrve iskes
currents with a predeterm ned p-out |evel signal. Therefore, the

st ep-out can b‘éosggﬁ"egq %&Vﬁa@m@% q-8> & nokeph e faaometonfvibratirisa the fan
Further, it is possible to prevent demagnetization of the magnet in the
rotor or a dan@geri Aempgnetigationi ofgtheemiagust i1sed fre thevietdreof therinotd] hEQI4
due to an increase in the current, arising when the step-out state
continues. Furdareage in & sealismdvosmi blemdnt @ dveihivatdobgpatids Vidy 8 i80S
of the synchronous notor arising when the step-out state continues. The

apparatus for idetesstiingha cireqmicatisihg whey GedERPOHE, AL 38 Ac&aﬁ% £004
according to this invention includes a current detector for detecti f&r’a

current  supplietidblerebligerayiodi DR QMSaID bt conditiutbr CARMALARR S CONVEr Ler f or
converting a current signal obtained by the current detector into an

exciting current conmponent (d axis current) and a torque current conponent
(q axis current), an alternating current conponent detector for obtaining

alternating current a,€ S - s, currents. obtai ned by the d-q
coordi nate converter, gﬁ%gﬁ&tesr rﬁ%{ i&r%gccuﬁ eantsté?:%?r%%n]@nta AVBFEPRAYS et or

averagi ng the &%&m ' . r.ent.c onents of .the, d- Xes currents by
obt ai ni ng one SFU A %H Q%Piléyeéntfon incP RS curren{ detector for getectmg 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), 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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val ue and an averaged absol ute value of the alternating cur nent, &g%ggents
of the d-q axes currents obtained by the alternating current conpone
detector, and a step-out detector for detecting a step-out by corrparl ng at
| east one of the effective value and the averaged absol ute val ue of the

al ternating Cukififing O NEAL%ioAlintNEes atudXas crwécr@xnfo% RAhed chyrdnlte

alternating current ~ conponent averaging unit with . a predeterm ned

step-out | evel Hﬁ%ﬂ&?ko the {ﬁcﬁlt.o%ro Sr§ ‘31' satcf 91 c%bﬁdgﬁéﬂ% J&ﬁvgﬁ&? fe/ ci%nggﬁg‘;é‘&el y

in a srnplrfre I gur at’i I'mcé the averaged used
for detectrng, rr.or ti n the ste toafluctuatronrn
a lord torque BFr e %#cﬁp%ﬁ%ﬁg %?16? CYFrept &?tﬁg'loﬁ A0V AT FRGRRE CHReNE AN
be prevent ed. Further ible to prevent the demagnetization of
the magnet in SPR@ORRRGE 96‘?-5 ‘E‘H’é%‘jﬁ@ﬁ@oﬁ%&k‘* T Caﬂﬂmn?%((bﬂ?ﬁﬁ@‘émeﬁt)uﬁ’e

swi tchi ng devi ces in the inverter main circuit due an increase in the
current, ari sidhgrREne theTente pomnenatadetesiont fonueliaimngt Alernating icyreendo
possible to prevent a noise and vibrations of the synchronous notor arising
when t he st ep-componentiserfabataxns esrrefteoldtppmddiuthe dig chetdintite gomvestexpanut

in a synchronous notor 39 | COctober 2004 f according to this invention

i ncl udes a curdlenhaiibef eaivent feompdatec hvaggmgcunitefor avergyihf atetatdrigting
synchronous notor, a d-q coordinate converter for converting a current

si gnal obt ai nerfbhttcBﬂlp@ﬂéﬁﬁrﬁf thet ®gtaies icib@nd b Xobitainhy 61E LERN effRfRanent
(d axis current) and a torque current conponent (q axis current), a

current diff er\%ﬂf@aﬁ&bﬁlhlv@iéﬁ'edfa%rsolﬁ% ¢Mualof ik ﬁt&hfaﬁﬁrg%ffeﬂigbﬁﬁ)%ﬁeﬁﬂ%

axes currents obtained by t d-g axes converter and conmand val ues of the

d-q " the d-g axes currents obtained by the alternating 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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axes currents, a current difference alternating current conyqhnemier9ebgect or
for detecting alternating current conponents in the difference about the
d-g axes currents obtained by the current difference calculator, and a
step -out detector for detecting a step-out by conparing at |east one of
the alternating current conponents in the difference about the d-q axes
currents obt ai HEHPRE thehis dpyendin imchides enourent: dateetor fg detectang aconpontent
detector with a predeterm ned step-out |evel signal. Therefore, the
step-out can bawadedde dee syewbueratusl moton, @ds) eopkdibiatdcornafiog inatinderting a
Further, it is possible to prevent the denmagnetization of the magnet in

the rotor or tdweradnsigeal nbtdiged Vit ¢he nguardfy deRstorNidtheah MRS Rt
circuit due an increase in the current, arising when the step-out state

continues. Furdoifponeht (d gxia !cﬁﬂea@)sm%{(pg Q%Itqqler&%% tCOﬁtI) of géms@od%{}? CI\.{I!‘I‘Q{IBEI_ 1ﬁg ns

of the synchronous notor arising en the step-out sta nues.

appar atus for (etsetdifferdnie cﬁtcﬁf?ﬁ&uforic'&l&@%gt?%g(iﬂffgﬁ?xﬁg bg Vtg%?“lo %Cg-ﬁga%%ﬁytg

this invention can inprove an accuracy in cting

particular fr taisydetected when alternati curren
conponents ar gcglgg%?lg%to g%?@ﬁ?t%& %ng&x )%é’gmc'?ﬁt?reﬁ? .Coﬁ’énajfl%g?]é‘ﬁ@roefliéeziiﬂhe
apparatus for I ng the steps.qut in the synchronous notor according to
tﬁ!os i nvent i on&gggﬁ%ﬂ%%o ecxgﬁenigddﬁg eiaﬁ]tea%% PG eRheomap @png detecker ﬁoﬁg
particul ar freguenc onent is a frequency twice as high as a frequency
of a vol tage d%’?%q?tuygf”rclg‘?%ﬁﬂﬂg it CpmpgpeRtstindhe thifereppe phowsthieol-q axes
detecting the step-oult) I.n the synchronqus notor_according to this

i nvention can§ g

tained by the gusrang differencecalidator.cqndatstep-out detector

for detecting a step-out hy comparing 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. 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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as only a particular frequency conponent is detected when al t(%n[?eti Be

. 1, October 2084
current conponents are detected fromthe difference about the d-q axes
currents. The apparatus for detecting the step-out in the synchronous notor
according to this invention can detect the step-out w thout an influence
from the fluctuation in the |load torque and the direct current voltage as

the step-out det ecflhenapearetus forpastecting tthe thep-aneinad KMHLoRust RBtor
alternating current conponent of the q axis current is approximately 200%

of a rating cuidk@mtin®to thidansMtedl SRPHAPFRE Un ackBBaSPRAAALNSHE Phe gﬁ@gﬁfﬂ ng

the step-out in the synchronous notor according to’this 1 nvention

detect the step- gt pgytij:lﬁ%Fﬁd%ﬂce c\ﬁﬁl[p?)lfl.rb]%é/vi\%iall k‘req[lgx?&hién ?E%ﬁ’ltigl(ﬂ:i ty of a

normal operation i mredi ate ter sta enit s 8t ect
t he step-out ' | oci Lot atd on. The apparatus for detecting

t he step-out ﬁ%%%ﬂ@gﬁ%ﬁ%ﬁg% utﬁ%‘ttgrrom RCBIVaTtRE ap g]i"ﬁ}‘% i nvention can
detect the step-out by perform ng a detection operation w thout increasing
or reducing a velocity of the synchronous notor 41 1 QOctober 2004 when
there is a possi biI';I%Pé of an error in detecting the step-out by increasing
or reducing the velld®i BpasptysPrsiefeshingdbe ster-ont imibe sgypaheaness froptor
detecting a step-out in a synchronous notor according to this invention

i ncl udes a curaceonding tethisinyentiatecascimpryva apuaccunacy isudeibeting tioe step-out
synchronous notor, an output voltage command cal cul ator for calculating
out put vol t ageascoryandriailas freqpphésechmponieché isgetetied wim slod@atingaseshn@n a
current signal obtained by the current detector, an output voltage vector
cal cul at or f orconmlonuhtstdamegletevtelifront thealiffag@icy abboi theab § dxedchienut put

The apparatus for detecting the step-out in the synchronous motor
accord.ing. 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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vol t age conmand val ues obtai ned by the out put voltage corrrrarido&gﬂ)g%? or,
an out put voltage error detector for conparing a scalar of the out pu
voltage vector obtained by the output voltage vector calculator with a
step-out detection level, and a step-out detector for detecting a step-out

based on a co [ : : ' o L oL vol tage error
det ector. Ther ﬂhgég,ﬁ%tlﬁgﬁsge%?%g? T%g%rg% lh?[% g%.‘,?l é%udégé é?‘%leti?' mgregsing ox
sinplified conf/] ' LIt it is possible to prevent the
denagnetizatio%é(g#{ éeh%wa%(!r?e ﬁgﬁﬁ?ﬁ?%?’b‘?‘&o@%‘)ﬁe synchronous notor and
the damage in the switching devices in the inverter main circuit due to an
I ncrease in the current, arising when the step-out state continues.
Further, it is also possible to prevent a noise and vibrations of the
synchronous notor ar AP PRBERS t detastingt assteperudoit | mumynchuvet hodtdor
detecting a step-out in a synchronous notor according to this invention

i ncl udes cur r eptcopdingdoithly Bventiswindedeca cmyent detecntfos dpebiiag a d@réhe
synchronous notor, d-q coordinate converting step for converting a current

si gnal obt ai nestuipliedutorthetsydeli@abin grde Ani HtPuBRICKE ddnd af BIARMatd2 fok
Oct ober 2004 conponent (d axis current) and a torque current conmponent ((q

axi s current), caladlatingaiitng: €iltdeRHonGRARORERes d@LREY it@%é%ﬁ&yr%o‘%bﬁ%dlj ng
In d-q

alternating current conponents of d-g axes currents obtalhe

coor di nat e conygdeldi dida SheRnt st %B%Rﬁé\illbg%é e6freRY dBle3borl 24 ongé;%tg\trr] ilga%ﬁa

step-out by conparing at |east one of alfernating current co

Step with o prodesoroy aai (98 Salcflaiiie B PRk RRbeaf SRS FRant B

step with a predeterm ned step-out eve I'gnal”. = Thers =01
gggngl ge: gcgﬂgﬁﬁoﬁéﬁ%ﬁ&%fi?@%g&'b ?th[eﬁogl f1|1 %l%gtgl'eogdmnﬁ%hhc%iduleltt%r,l S

an output voltage error detector 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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magnet in the rotor and the damage, in the sw tching deviceq(ba%%ggoo4
inverter main circuit due an increase in the current, arising en the

step-out state <continues. Further, it is also possible to prevent a noise
and vi brations of the synchronous notor arising when the step -out state

[ . Th f ' - | h :
according o tirient @aEriEbi)ded ARl omERERERT AR Befean ng

a current suppli e synchronqu tor, d ordi nate converting
step for convglit %rﬁl%éﬁl% Ctélgﬁnzﬁ?mgf“& Idsecg'fr}tlg’é}gnﬁap f‘ﬁ ‘@’S?ﬁr’é‘h& S s et
Into an excitigr}ﬁLg curren#} conponent (d axis ﬁu,rrent) and a torque current
component (q aSiRPOReRts 8ha)d akes %‘Frﬁ%ﬁsn‘g’téﬁﬁe &t d-eotnssdiante goneartinggstep ep
for obtaining alternating current conponents of d-g axes currents obtained
in d-q coordi n%@SteBWé‘ﬁgﬂcﬁQg:?t@prr dbteeting ristiep-ouf beeumparipg aeldastwes af)i ng
step for averaging the alternating current conponents of the d-q axes
currents by obglé¢miatigeorsurweht eompdirfends | ofe thal deg aaxksarcuaiitagobltaabsD! it e
value of the alternating current conponents of the d-q axes currents

obt ai ned in al altematinggeurearieninmaepd dettiting EQc Wil aShHdefRthisbERt@Mut
detecting step for detecting a step-out by 43 1 Cctober 2004 conparing at

| east one of theelfifwdt | Themdbreetit lep ot %B@ﬂ%c%%ﬁ%g%ﬁsﬁﬁhﬁe@

alternating current conponents of the d-g axes currents o [

al ternating CugdhEptur #RSMOTRIHAGY 8 BHARLLE 29 '&&ﬁh@@%@%ﬁ%@%ﬁ&g@?“t

| evel signal. Therefore, the step- can be detecte

et boting. an hapey o URkoid bhdThe ASLIEE th 1R ALY dPelTin S apien”

detecting, an error 1 n detecting ep- ou

lord torque org.a: Vel C Fp revented. Further, it is,possible to

prevent’ the denagner {:lglgﬁugnﬁg c?ﬁ%e holie curreilt, arsing Wthen 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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magnet in the rotor or the damage in the sw tching devices ilq)({t](gb%ritzﬂygrter
main circuit due to an increase in the current, arising when t st ep- out
state continues. Further, it is also possible to prevent a noise and
vi brations of the synchronous notor arising when the step-out state

continues. Thecomeidratk &ileadtIrRCIFERE eBetiv@RAW ad Dt a%é?&é&?aﬂ%‘d?h&%ee% i ng

according to this invention includes current -detecting step

a current supel §Rehifhitl SHRGHT t OF -f1.coordinate convertin
step for converting a cdt}re;}ent sicgﬁ%#ﬁgﬁt?a%g%gi(ﬁqc%%rse% lrﬁ%@ecﬁ’ﬁaﬁﬁeit‘g‘p
into an exciti axis curren and torque current
conponent (g aé}igesmg%ﬁ%%ﬁ%?m@ﬁ@?g%?é g‘fefrﬁgngrﬁg‘ép Eﬁf ﬂlp&'f*ﬁ%ﬁr@%%%i sgegrout
cal cul ating a dif,f erence betweepn the d-q axes currents obtained in_ d-
coor di nat e- conlg‘e’?ltsllqyﬂst Epereiere, 'Hu'il%ﬁlﬁlé“sd‘??ﬁ“teﬁém@”@t%ly ag acampélﬁag
current differenge alterna:ti nlg current conponent detecting step for

obt ai ni ng al t FRfL®yr (artierc ginse han aveyaged yalusisiarerused donldetactinge ad- g
axes currents obtained in current difference calculating step, and

st ep-out det eciFdtgisdedprting thectterpihdue to & flupruation iy loodayhe gr atvolggst
one of the alternating current conponents in the difference about the d-q
axes current s @Bthe nredentedc uFneher, di sfpessihpeo péevenOth o e a 2ROz AL IrEsMAkLI NY
current conponent detecting step with a predeterm ned step-out |evel

signal . Ther efroagnettimetlsst egten ot thanlddegdeinetHecswddiauE al®icksiil fhe SivaPllfi €d
configuration. Further, it is possible to prevent the demagnetization of

the magnet in s cif@iiDduoto b endasRaR the chPRn A GHE MhenG G65-oul sidig
inverter main circuit due to an increase in the currént, arisin When©t he
step-out st at eofififitbd)UeBurthéy! {ti8also foskibldSPreRO5Sh RbRe WA dRAEYE Hnsdf the

synchronous motor arising when the step-out state continues.

The method for detecting a step-out in a synchronous motor according
to this inveption 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-g 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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noi se, and vibrations of the synchronous notor arising “henlﬁﬂﬁd&§§ﬁ0$“t
state continues. The nethod for detecting the step-out in the synchronous
notor according to this invention can inprove an accuracy in detecting the
step-out as only a particular frequency conponent is detected when

alternating cu t ... conponents are tected fromthe d-q axes currents.
The met hod for&ég{ﬁg&ni(‘gnég’{}#%@ @P@ﬁ’}l&ﬁgﬁ?wdﬁﬂ% Sgegpn??h ﬁélfgg%f’ﬁ?‘nedaé@ﬁr%tng
to this inventjon can inproye accuracy in detecting the step-out as the
particular fr e%ﬁ&néwg-npog[ﬁwfgfg‘ée'aﬁ?er SRy cany ke d@geqﬁe@ha@gr@telyf nagaency
of a voltage output fromthe inverter apparatus. The nethod for detecting
the step-out ifmpdiedy nemiigavationot ofurilearor di nip t possible | wveptévent cahe

i nprove an accuracy in detecting the step-out as only a particular
frequency conpé¢reagnetizationedtthd mhgmetaint drenatomngr thy daniage GaMMRNSwtshiage
detected fromthe difference of the d-q axes currents. In the nmethod for
detecting the d¢wesdnttherintbgesmattongydusnb @n ihbrehstit WEuRRAE A56AEAI Ng
to this invention, the step-out can be always detected w thout an

i nfluence fromyhbe the uépiaki Satd BodtieudsOathul Med U i@_r?ﬂ%ot pﬁss%lé%;px%%ﬂtegfje

voltage as the step-out detection |evel conpared wt e averaged va

of the alterngdikdangViKaRbns FRRNSALh ol i oTo:2% | Sep-

approxi mately 200% of a rating Clr}l.}'?ent 8? ﬁ?go syn%ﬁg%%eglg{hﬁoﬁ%gy.wﬁtﬁtﬁe
met hod for det&glthiﬁlrﬁgsthe step-out in the synchronous notor according to
this invention, the step-out can be always detected wi thout an influence
fromthe fluctuation in the | oad torque and the direct current voltage

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 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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as the step-out is detected by increasing a velocity till rqa@ajﬂpegzﬁm
velocity of a normal operation imediately after starting when it 1s
difficult to detect the step-out during a |low velocity rotation. In the
met hod for detecting- the step-out in the synchronous notor according to
this invention, t steps;out is .detected by performng a_detection
operation wit Iﬁf’ﬁ?rﬁ’ﬁ% F%é‘é‘?%ﬁwﬁptlf)’édﬁtq BlP 0§ SR8 51‘6%3’% AetestpdcHith ARt an
notor when there is a possibility of an _error in detecting the step-out by

i ncreasi ng or Mfiugnes figm: the fuoteaion ingtherlped toraus ppddbe dirstoeurtamevaltageod
for detecting a step-out in a synchronous notor according to this

i nvention i nclasdébe cafiep-ent dbbectioni lyekcepphord dethedhe ngveraged rvaiie of uied | ed
to the synchronous notor, output voltage conmand cal cul ating step for

cal cul ati ng oudlparhatiaktcage:nt eompogentaf tles q aRi3l cuethritGs hEroSIMatHlP BO0S of a
not or based on a current signal obtained in current detecting step, output

vol t age vect orragidlgCotlrddn tnd thé epndh@bn&al todt i Ng an out put vol tage vector
based 46 1 Oct ober 2004 on the output voltage command val ues obtained in:

out put voltage command cal culating step, output voltage error detecting
step for conparing a scalar of the output voltage vector obtained in

out put voltage vect I ' .\ St ep- d tion |level,
and step-out detect ?%gﬁ%t Igl%k]?%dr P%egéetgm%ntgp s&pé%&ﬁl]}? %ggssg'%l%gﬁone?ué O%%'Iri son
S op- out can BEHHEE B b BioBfEn U Fieo St 1Y el EBfetGeied: ViAot a5
Further, it is possible t event the e neti zation of the nmagnet in
the rotor and lfl_ﬁélea%‘?#@@ ﬁ%ﬁ%}%“%‘m %‘f*ﬁgﬂﬁr‘% ﬂE%é‘nhﬁﬁ? Aareptgurendrvaléage due
to an increas easI t%et shcgp-%ﬂir: :risegéﬂectaezilbsyl irﬁ%revr\gien% z& leocity 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
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step-out state continues. Further, it is also possible to prey&apl..30h#i se
and vibrations of the synchronous notor arising when the step-out state
continues. A drive of a dosed conpressor according to this invention, by
packagi ng the apparatus for detecting the step-out in the synchronous

motor of O ai gy fhe d@RANVEHALY LofahEar QQllc\ll‘émobFaiﬂedb i oﬂgﬂ.nlgte\é(g{atg%gc%mmand

conpressor, a damage in a cooling pipe due to vibrati

conpressor, d ] .0 t ed. for the rotor of t tor,
and a damage W%ﬁ%g@ﬁdﬁg%}t e t@%g%?%%f%t%%cgmgi ‘ﬁ\e/%ff re?o%%l?%?&gg%ﬁg’?t 0
an increase in,the current, arising when.the step-out continues.,

Accor di ngly, ;th]eeqqtggf goﬁgg? ivﬁ‘étPﬁtogFmBFl@ 1 OPEWtag‘il B9 Yeckgnenlevigkiag stean be
realized. A drive of a fan notor according to this invention, by packaging
the apparat us"itBra gterseyt dgtechan devgl, gnd step-opk d§9ﬂ‘r‘élﬁgo$’9@n§0¥m’ébwtmg a
Claims 1-. 10 can solve the. problem e.g., a noise of the fan notor,

vi brations of stprougdigsedsemra csrpagiseni restitopbtsineddn newtpet wdtagef errorhe
rotor of the notor, and 47 1 Cctober 2004 a danmge in a sem conductor

el ement of theldtesting esterppp@hertefieredthe t siepout i canr basdetbetetl haccowateBntin a

ari sing when the step-out continues. Accordingly, a reliable refrigerator
and a rel i abl esimiplifiedndéchifignestieonn befurthdi zed. idHapbsighlehus dgssihbedhe
several particular enbodi nents of the invention, various alterations,

modi fi cati ons, denikr HREGYRERLS tddet if QRS irbir %ﬁ%et&mééb%eth%kéﬁkﬁﬂﬂg”
the art. Such alterations, nodifications, and i nprovenents are intended to

be part of thigevikesGh QReRrerfRin AhQiueth SRdRhS: RSN .chmeﬁt:[tﬁ?smg‘&ih%htthgnd
scope of the invention. Accordingly, the foregol-ng description Ts by way

of exanpl e onlgeRRdt sPath! WhiifdeSN Fufed §f 1800 Pisdibfe {CH WY £higl TRgaNd

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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the equivalents thereto. 48 1 Cctober 2004 CLAIMS: 1. An aq%&gﬁ#%wr
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: a current detector for
detecting a current supplied to the synchronous notor; a d-qg coordinate
converter for converting a current signal obtgjned by the current detector
TPt an exc tihaatnEedR 2 SERIGHEE Eoament OF ety PR oot Fant
conponent (g axis current); an alternating_current conponent detegtor for
obt ai ni ng al t SRAAASAAN taR CuErant EaHBRE arhen Bre sfeprodk sanianyese ntAccartinglyea by
the d-q coordinate converter; and a step-out detector for detecting a
step-out by coiehablernghagenasasandomeeliable alrtcondisionay caube eenlizednponent s of
the d-q axes currents with a predeterm ned step-out |level signal. 2. An
appar atus for det ecHawngilstsegesoribed sevaralyrarticoao embodinentisnf thainveagob er
apparatus for driving the synchronous notor w thout using a positioning
sensor for detegidusgahef@ivnt aodificationg! anhdcimngoemegts «ilt ureadily steteabor
for detecting a current supplied to the synchronous notor; a d-q coordinate

converter for (@Y gkilleddnatheUhkteNBush AlRlat9dtsa niEficdtionkh8ng Yhp@Bterii@itgCt or
into an exciting current conponent (d axis current)

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

the equivalents thereto.
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and a torque current conponent (g axis current); 49 1 Octobgro Q04 -8
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
alternating current conmponents of the d-q axes currents by obtaining one of
an effective value and an averaged absol ute value of the alternating
current congbAdMS; of the d-q axes currents obtained by the alternating
current conponent detector; and a step- out detector for detecting a

step-out by conparj, “Mh}ﬁﬁﬁ@ﬁh R Rlet&ti L&t iV syrRdiSnmiohs: Ry er aged

absol ute value of the alternating curr nt c rrponents of the d-qg axes

bt edet er mi At lfrRldbefoLiiite R -GRIRCHERL: PR B
step-out in a synchr onous an i.nver apparatus for driving the
synchr onous POHOPIRES88RT §|d|’?ée°£mgp?d%‘?str§1%9 al‘%ﬁwﬂlﬂr&mﬁet ecting a

position of a rotor conprising: a current detector for detecting a current
supplied to the syhewreRigiaieett fr deteqting & svranhainpliedrio dhe synehgenous
converting a current signal obtained by the current detector into an
exciting curmetdr;conponent (d axis current) and a torque current conponent
(q axis current); a current difference calculator for calculating a
di fference betweemy 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.
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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the d-q axes currents obtained by the d-q axes converter ang @&@@ng
val ues of the d-g axes currents; 50 1 October 2004 a current difference
alternating current conmponent detector for detecting alternating current
conponents in the difference about the d-q axes currents obtained by the
current difference calculator; and a step-out detector for detecting a
step-out by conparing at |east one of the alternating current conponents
in the difference abaiteriatimgdewraaomponent descottnt fomebkamying redternatirent
difference alternating current conponent detector with a predeterm ned

step-out | ev@thrréﬁigﬂé‘ihpoﬂenﬂ'h@f dRpPakes Whirfedits @BtAREA Y the ds§ efboRlinatd the
synchronous notor of "Clains 1 or 2, wherein only a particular frequency

conmponent is ted when alternating current conponents are detected
fromthe d-q axes turrents. 5. The apparatus for detecting the step-out in

t he synchronous notor, of Claim4, wherein the particular frequenc
component s a frouastptig cira FgRondt A Erinedeyt Sr A ORETIE NGt pu
fromthe inverter . apparatus. 6. The apparatus for detecting the step-out
in the synchelépraating eyrisnt spmppaents I thp drgiaxes spyreatsgly obtainiag 9neeotiency
conponent is detected when alternating current conponents are detected
fromthe diéfeffentiee abbgt andhen dveraged absahite valne of thehaltearpplimgcusrentr
detecting the step-out in the synchronous nmotor of Claim2, wherein the
st ep-out det eghponente Vel tixodp@rages Wurfenth@btained 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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averaged val ues of the alternating current conponent of the lcb&b('é}z@%rent
Is approximately 200% of a rating current of the synchronous notor. 3. Th
apparatus for detecting the step-out in the synchronous notor of one of
Clainms 1 - 3, wherein the step-out is detected by increasing a velocity
till reaching a velocity of a normal operation imrediately after 51 1

Cct ober 2004 starting when it is difficult to detect the step-out during a
| ow vel ocity rotatianrefl. differeappaaltdrustifigrcuteditc tompohtrst slettimutfor n t he
synchronous notor of one of Clains 1 - 3, wherein the step-out is detected

Wi thout i ncgEReling aRErnabisleCutnd c¥RipRakhts iffthé AEfS¥HEO ARHRURE G Akeyhen
there is a possibility of "an error in detecting the step-out by increasing

duct i i . Th tus f
o redue o Ui YOkt B SO BRIOBRE TRl 4y 11 cpgirat v o

conprising: an output voltage co al cul ator for cal cul at| out put

vol tage command v F‘E?Béo"gﬁ%l?‘?céﬂr %&4162%0%%%ﬁ%@h@i}sbynﬁ‘?IBParﬁ%%é{jpegﬁt‘én ur r ent
signal obtained by the current detector; an output voltage vector

cal cul ator foF tl&@aafémnatmagcw%monﬁ@m Hydhe diidersnce abett e €re ages put
vol tage conmand val ues obtai ned by the output voltage command cal cul ator;
an out put votutends erbtamed e thorcutent chffpranicn galtersetah@cuafent kemponent

vol t age vector obtained by the output voltage vector calculator with a
step- out dedeetiopnvitied prédeadignined step-out level signal.

4. '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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wherein the step-out detector detects a step-out based on al@&ﬁ%?@?é@”
result obtained by the output voltage error detector. 11. A nethod tor
detecting a step-out in a synchronous notor in an inverter apparatus for
driving the synchronous notor wi 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 QOctober 2004
d- g coordi nastertomgwaidn itgiss defifichitr toc deteet tthagstap-out rdamingsaghed vebbdigt ned in
current detecting step into an exciting current conponent (d axis current)
and a torquergisdigient conponent (q axis current); alternating current
conponent detecting step for obtaining alternating current conponents of

d-g axes currents @bt %@egbrﬁa@aﬂgqfogcg&ggﬁlglgttﬁe Cﬁ@ﬁ"ﬁ’é& iaipgfh%t gfﬁc}g,ﬁgogé ep- out

detecting step for 'detectirig a Step-out conpar eas
alternating current. co nts aqf t?e - g .axes currents tained.in
21 tor nat i ng EOHTSRT COnBoaAimtck sct HGeEkiBp s SHDUY BoLT e AEHIOHE - ou
| evel signal., 12. A nethod for detecti n%@a step-out in a synchronous notor
in an i nver Mgreasipmpatedicing advelosifgof e syndreRoIsumOteR Binenithefsuls 4isi ng a
positioning sensor for detecting a position of a rotor conprising: current
det ecting stpgssilulitylef enterrey in detectingtths spgp-peioby indrbasing pn ceduing shevot or ;
d-qg coordi nate converting step for converting a current signal
velocity of the synchronous motor.
10. The 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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obtained in current detecting step into an exciting current M@@M(d
axis current) and a torque current conponent (q axis currentq?; al f'ernati ng
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 uedanaoandiaxeer agademingolstdpe forl convetting ea adureematigngl
current 53 1 Cctober 2004 conponents of the d-g axes currents obtained in

al ternating guaifidtin &mreﬁfectmgtseﬂs (0 o5t SRitiAR uibAPcAHposaitgatdxig step
for detecting a step-out by conpdring at | east one of the effective val ue

and the aver&%gmtz%?gla éf%‘?/eﬁée‘%?elﬁfcoﬁbgm%ht ﬁgﬁtsic%grenpl;urrent conmponent s of

the d-q axes curr 0 I n alternat thg curren conponent aver agi ng
step with a predeterm ned step-out |evel signal. 13. A nmethod for. detecting
a step-out in a syﬁéﬁpﬁﬂ%s cr‘l’%ie&? iGOIERPNCR, véﬁk‘ﬁm&ppgpﬁt rqub?@pmg ng the
synchronous notor w thout using a positioning sensor for detecting a

posi tion of &1t¢r@ﬂ6ﬁgc§%¢msi%mm§m?5erﬁf dkfl e @K PUSTEANES f ptainededn ﬁga a

current supplied to the synchronous notor; d-qg coordi nate converting step
for convert i ogprdimaie cemversingrsédp; anldt ai ned in current detecting step into an
exciting current conponent (d axis «current) and a torque current component

(q axis current); @uplounidettictihg stds forcddtectint 4 BEpSh @by osmpatifglabldaRg a
di fference
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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between the d-q axes currents obtained in d-q coordinate coRygiidNgosi ep
and command val ues of the d-q axes currents; current difference
alternating current conmponent detecting step for obtaining alternating
current conponents in the difference about the d-q axes currents obtained
in current difference cal culating step; and step-out detecting step for
detecting a step-out by conparing at |east one of the alternating current
conponent s i corhpendtits f of ethee dadpoaxes herrents ebtemedulin ealtarnatihgi vagenn
current difference alternating current conponent detecting step with a
predeterm ne@blﬁ?gﬂerﬁl&eté&ﬁglst@;ml. 54 1 Cctober 2004 14. The nethod for
detecting the step-out in the synchronous nmotor of Clains 11 or 12,

wherein only a particulars fr LS Sat - nati ng
current conponent Sﬁgﬁ&hggf{eegﬁgg%&%tr‘%?ﬁg%ﬁ?aa)b(tz:g &g&%%(ﬁﬂgm%aﬁﬁg{ met hod
for detecting the step-qut in the synchronoys.notor f im14, wherein
the par t1 cul dhe oF Stk e Neokaluh nd Te e Rz it e vafeo e gralis
frequency of a voltage output fromthe inverter apparatus. 16. The net hod
for detecti nglrert earaponapts ph thd-¢ yxenh corents ohteimed ipraligraating SuITgRkr ei n
only a particular frequency conponent is detected when alternating current

conponent s acenpenadtavdrdgingsicpevith hfpredeteemufedtshep-odt pvaksignelurrent s, 17.
The nethod for detecting the step-out in the synchronous nmotor of Claim

12, wherein the stEp- auinededEedr ditedtiech sepop@riach vidhrédodse@dstordnean of the
effective value and the averaged absolute value of the alternating
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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current conponents of the g axis current is approxi mately ZQQ%@?]&.%@@H ng
current of the synchronous notor. 18. The nethod for detecting the step-out
in the synchronous notor of one of Clains 11 - 13, wherein the step-out is
detected by increasing a velocity till reaching a velocity of a nornmal
operation imedi ately after starting when it is difficult to detect the
step-out during a low velocity rotation. 19. The nethod for detecting the
step-out in the syhhidheansthodtfor deettingehottefraitng thd syndifpnohenwtor t he
step-out is detected without increasing or reducing a velocity of the

synchronous gpIClRinIan 0RETE, WhereiROSSlyDh! partichRr LEGEHRST c3RAbneht a6 error
I n detecting the step-out by increasing or reducing the velocity of the

synchronous gntgleq S%Qencailﬂﬁ-ngfifig gﬁrrtfgf %%ﬁn%%éﬂtg' Grd 8&eSlcMrQHlthb -G axes

synchronous notor alm rising: output voltage comrmand
cal cul ating steg for cal culating output voltage conmand val ues applied to
t he synchrongﬁg tor based on a current signal obtained in current

detecting step; output voltage vector .calculating step for, cal culating an
output vol tage veb}-odbgdaehoddor detestingthe sspragdn B SHRETOBOULEBIUEE ai ned
in output voltage command cal cul ati ng step; output voltage error detecting

step for conpfGlaign al4s cetheneirfthe ipartioulap drequehcyn gonvameat 19k dtequendsn
out put voltage vector calculating step with a step-out detection |evel;
and 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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wherein the step-out detecting step detects a step-out based Qb a 2004
conparison result obtained in output voltage error detecting step. QQL A
drive of a closed conpressor, wherein the apparatus for detecting the
step-out in the synchronous notor of one of Clains 1 - 10 is packaged. 22.
A drive of a fan notor, wherein the apparatus for detecting the step-out
in the synchronous notor of one of Clains 1 - 10 is packaged. 56 1 Cctober
2004 An Appaobamsrrboin Beteetihg e fteptap-tuincteashgSynmiuoimputhe Mz ocity ofA

Met hod For Detecting The Step-Qut In The Synchronous Mtor, A Drive of A
Cl osed Conprggs9hchdtdudnidtoye O A Fan Mtor Abstract This invention

provi des an apparatus for detecting a step-out in a synchronous notor (6).

0, an Lnverter. appgs s cthol Por BibUiAR A oS B QUM BRLAL nidtdr ¥E L oLt
using a positioning sensor for detecting a position a rotor, a current
detector (7) (for { detgfti ng .current supplied to the synchronous notor (6),
a d-q coordiﬂﬁ’rné éo(?'rv ter n@‘f:g) for converting a current signal obtained
by the current detector (7) into an excjting current conpgonent (d axis

current) and a tor@futfoliége eomprndncalcglaing step fpemajculaing ewphht i ng

current conponent detector (15) for obtaining alternating current
conponent s oYoliags semynand rvehies eppliddhdd the symchtenowsomnationdbasedomver t er
(11), and a step-out detector (16) for detecting the step-out by conparing

at | east onecurpénttsignalobedined imguasnt ddtectimnmepent s of the d-q axes
currents obtained by the alternating current conponent detector (15) with
a predeterm ned stgppfttvol@ye! védtePdalathing’ Q¥ 9RE- 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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An Apparatus For Detecting A Step-Out In A Synchronous Motor,
A Method For Detecting The Step-Out In The Synchronous Motor, A
Drive of A Closed Compressor, And A Drive Of A Fan Motor

Abstract

This invention provides an apparatus for detecting a step-out in a synchronous motor
(6). In an inverter apparatus (2) for driving the synchronous motor (6) without using a
positioning sensor for detecting a position of a rotor, a current detector (7) for
detecting current supplied to the synchronous motor (6), a d-q coordinate converter
(11) for converting a current signal obtained by the current detector (7) into an
exciting current component (d axis current) and a torque current component (q axis
current), an alternating current component detector (15) for obtaining alternating
current components of d-q axes currents obtained by the d-q coordinate converter
(11}, and a step-out detector (16) for detecting the step-out by comparing at least one
of the alternating current components of the d-q axes currents obtained by the
alternating current component detector (15) with a predetermined step-out level signal
are provided.

Fig. 1
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