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Synchr.onous Motor, a Method for Detecting the Step-Qut in the Synchronous
Mtor, a Drive of a O osed Conpressor, and a Drive of a Fan Mt or
Background of AmApparetns farDetetitg h StepQiitan atSymchronows Metoxhi s i nventi on
relates to an apparatus and a nethod for detecting a step-out

(out - of - synchrgoRietidd fof DeteotitherBiep-Omtiarthe Gynchironong Mdtar, synchronous
notor without using a positioning sensor for detecting a position of a

rotor. [0002] , PeseldfRtdIesedCombsedssd ahgd Art Fig. 9 illustrates a
configuration of a general inverter apparatus according to the related

art. In Fig. gaD?ivgioFicli’alfMo'%&nt power supply unit 1, an inverter
ura

apparatus 2, a p 'ty of swtching devices 3, a U phase upper switching

device 3a, a é%ﬁ%%?i#@%heﬁ%@ﬁwg device 3b, a Wphase upper swtching

device 3c, a ing device 3d, a V-phase |lower sw tching
device 3e, a thasT 6 r swtching device 3f, a plurality of flywheel
di odes 4 connected i ‘g‘ﬁ?m lel to the plurality of switching devices 3, an

i nverter main i (fu¢ ncl.uding the plurality of sw tching devices 3 and
the- pl urality“@i P ‘;Wi@?!?n'a'i"bdes 4, and a direct current brushless notor 6

i
are illustrated. [0003] A current detector 7a detects ahé)({l?se current in
one phase anong This invention relates to an apparatus and a met or 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.
[0002]
Description of the Related Art
-Fig. 9 illustrates a configuration of a general imlrerter apparatus
| according to the related art. In Fig. 9, a direct current power supply unit 1, an
inverter apparatus 2, a plurality of switching devices 3, a U-i)hase upper
switching device 3a, a V-phase upper switching device 3b, a W-phase upper
'sﬁwhEg device 3¢, a U-phase lower switching device 8d, a V-phase lower
switching devic-:e. S8e, a W-phase lower switching 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
iltustrated.
| {0003]

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



1 currents supplied to the direct current brushless notor 6, a current
_detector 7b detects a phase current in another phase which is different
fromthe phase detected by the current detector 7a, and an inverter
control |l er 8 cuvrentobeppdied to thedirett cureersvlirushliessymoéor & @scu@rént detectonVer t er
main circuit 5 based on phase current val ues detected by the current

det ectors 7a dabettsy . phdOctirrert i\bhdthel phad¥ eiichVixd diffdrent) frosd ghélphase
generator 9 generates a PWM signal for controlling ON/ OFF of the

swi t chi ng de\get&tedbPInE du@ndHbidefor TAOhhAGR iGPEHEN EontAIIRS QRIS N /N t he
i nverter controller 8, and a phase current calculator 10 cal cul ates phase

current val UQ§13F %f&ﬂ%g%iﬁﬁﬂx}ﬁg?e @38 the fn%rggg?%%f&h% bYSLH 65 pzl'&sﬁv"o

phases detected by the curr etectors 7a 3-phase to ase
converter 11 I v ' e phases obtai ned by
t he phase curc%g%\ﬁ%ggﬁ:égr‘geggéﬁg?gygﬂu%é@%%ntvgtgcggml'}F\&]%& gﬁ'q coordi nate system
and a vol tage COWE‘E@” al ue cal culator 12 obtains output voltage comrand
values in the d-qg €0ordi nate systemfor driving the direct current

brushl ess notor ba e current values jn the d-g coordinat tem
obt ai ned by the 3- ﬂé)“qﬁ@gﬁﬁgbﬁ?éﬂﬁaé}miﬁlg? | goppratar geneyates ct or
cal cul ator 13 obtajns an oQutput_ vaoltage vector based on the output voltage
command val uesigng} fop optrgllingo PN (QEF &f the swifshingdevigss 8 thased ont epfput
command val ue cal culator 12, and a direct current voltage detector 14
detects a di resdtage pomapand yeluegeohdainefdndthecinverter rcentmﬁmés aadppiphasait 1.
An overcurrent detector 70 detects an overcurrent state of a phase
current. [00CSikrenticalculatbr 16 caleulatedphaseurrent atueastindhreaphdses based oer
apparatus and the direct current brushless notor configured as stated
above is explthengdrhse current values in two phases detected by the current detectors 7a

and 7b. A 3-phase to 2-phase converter 11 converts the phase current values
in three phases obtained by the phase current calculator to currént valuesin a

d-q coordinate system, and a voltage commapd value calculator 12 obtains
output voltage command values in the d-¢q coordinate system for driving the .
direct current brushless motoi' based on the current values in the d-q
coordinate system obtained by the S-ﬁhase to 2-phase converter 11. An output
voltage 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.

[0005] |

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

direct current brushless motor configured as stated above is explained.



2 As illustrated in Fig. 9, in the inverter apparatus 2, the current
detectors 7a and 7b detect the phase currents in tw phases anong the phase

currents supplied 4Q fRQuAits®Sh ;9321*11 *Bﬁé’%ﬂb&%éﬁ %gb&fatﬁs fh?nd[ QU ErehnE"

controller 8 cal culates output VO command va age val ue,

é?'rfe?ﬁe Cur » diebeaipincti W8 T eagct g B gw?iﬁts g gﬁé“ﬂéﬁ% Boetheiide’
the Emiﬂsifgnaaur%w%nﬁp& PR et cBprept BB GagE i Gdea‘&%ﬁw%i‘t ”E :

I nverter main cirguit 0006 The PWM si gnal i s_out put fromthe
i nverter contqostoder § gglc ?ﬁ)\ﬁ)étputmt%ﬁa@@n&ﬁ?ﬁie‘fﬂh%l%%b FeHBaga (yalue,
cal cul at es phase currents I u, and lwin three phases based on_the

phase curr ent@lﬂazems%vetdem@ntléhy the inwertexrmain cirquat & denvdeiving thedlirest and
t he 3-phase to 2-phase converter converts the phase currents lu, Iv, and
lw in three pivased hroskless svwter 6 basedcon thei detedied phase mmenﬁsriattwosﬂmsesn The
vol t age conmand val ue cal cul ator 12 cal cul ates output voltage conmand

val ues Vd* anglgVifphase darehtdivcand Viplaise cayminé v, dmbadtpats thePWMrségriad | d
and 1q in the d-q coordinate system The output voltage vector cal cul ator

13 cal cul at esfop gértréllivg! 09 OFE6f the switchhde @evieds 3 fitthetnlBitbr Witih afituit
comand val ues Vd* and Vg* in the d-q coordinate system The PWM signal

generator 9 cglculates the PWM signal for controlling ON/ OFF of the
switching devices 3 based on a direct current voltage W obtained by the
direct current vol ]det ector 14 and the output voltage vector Vx*, and
out puts the PWM si tg’)na [ 0007]

The PWM signal 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 Iu and Iv détected by the current
detectors 7a and 7b, and the 3-phase to.2-phase converter converts the phase
currents Iu, Iv, and Iw in three phases to currents Id and Iq in the d-q
coordinate system. The voltage command value calculator 12 calculates
output voltage command values Vd* and Vg* in the d-q coordinate system
based on the currents Id and Iq in the d-q coordinate system. The output
voltage vector calculator 13 calculates output voltage vector Vx* based on the
output voltage command values Vd* and Vq* 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, |

[0007]



3 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 s RiRGhAE UbARSs & in B BRHAE faiB Wit § 234/ ARADNT/OM

the inverter nain circult e direct current ess nmotor 6, and

the direct c nt ..br ess tor | AR N, [N t L_nve(t.er
apparat us ac c@?ﬁﬁ%ﬁem s}@agt?)@g‘“ﬁﬁfy, a’e?déms’c%’%ﬁ) ggﬂr&@?ren%t 2@3’ i /
foll owi ng nman . Wen th irect, current brushless, notor 6 st ut, a
boak I'evel of O mieton,of dhe SHechisAaRtHch BnelcTiRaRe) iz fFom
synchronous operation. By monitoring_ this change in a state, the step-out
is detected. verigrnain arewl 6rtothectirect avgrant brpghlessangtar 6, apd
current value with an overcurrent |evel, when the phase current exceeds
t he over-cur r éivect|cuyednt brushlesy mgatpa® igdrivener ror due to an overcurrent, and
the step- out is detected based on the error due to the overcurrent. The
overcurrent detect[000&0 is configured as a hardware or a software. [0009]
Anot her exanpl e of an apparatus for detecting the step-out in the
synchronous notor dacthedinvgrie® dppardtakaiceskding to shelirskited adt, i ) steppauteize
Unexam ned Published Patent Application Hei 11 - 18499. In the apparatus

for detectingdétaetedtiaPa Sollowiflg igmeetN CIWHHROtHe ARG cuet&ft| %eH]dsH nditBRBES e
Unexam ned Published Patent Application Hei 11 - 18499, r - 8 axes are set

on a rotor ingfehe ofipH &k 16vellofh phakatiiienfhecdhes HidhEH Ron MGl ki 1bvel th '  and

a difference e e between r - 8 axes and d-q axes on the rotor iIs

cal cul ated. | ' S Q. eX . b di .St ' RGP r
estimating r g&rlwglﬁiﬂr}%u@gﬁ@%t Zﬁ@%ﬁogﬂ%}%&é’#ﬁ%gﬁ a\a;% tté:ig;ielbby uéllle;l% 8 e
as a functi Ondet\@@tle(ah 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 overguﬁent. The overcurrent
detector 70 is configured as a hardware or a software.

[0009]

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 detecﬁﬁg the step-out in the synchronous motor disclosed in Japanese
Unexamined Published Patent Application Hei 11 - 18499, 7-8 axes are set
on a rotor in the controller for rotating at an estimated velocity wr, and a
difference 0 e betweeny -8 axes and d-.q axes on the rotor is calculated. It
discloses an example of providing a state estimator for estimating 7 axis

induced voltage and & axis induced voltage by using 6 e as a function, which



4 occurs in the d-g axes, and detecting the step-out in the synchronous
notor. by conparing two estimated val ues sequentially. [0010] Another
exanpl e of the apparatus for detecting the step-out in the synchronous
nmot or accor di sgutrsin the d-qlaxeechmlt detecting the stepdut in flpsmebrondusanator hyd
Publ i shed Patent Application 2001 - 25282. In the apparatus for detecting
the step-out ¢ompditngiwie bstonated vathey sedueatialgd i n Japanese Unexam ned
Publ i shed Patent Application 2001 - 25282, an. exanple of detecting the
step-out by conparijpgig} cycle of a voltage output fromthe inverter
apparatus with a cycle of a current suppl led to a sensorless brushless

motor is di sclosed afynbgkamBl 6K an aBpRatds 6 UbRhD R SR Hthe

COI’TpaJ’I ng a d axis current XCI ting current conponent wt

3t ep-out det oGhl e Gk dhaghaREt §8 Ol deed SR x%@cio Llieyd sgﬁéegéo

Since the apparatus tor €p-0ou nehronous

accordi ng thegrel ated a e ste

ot ect ed baseHPERERHEGL A I&émﬂl 56 20 £ 280K ¢ an i aDpg S@t Che
step- out acc ratel Fur even while a nchr ono ati

cont nued i HhHgEag; Bisp FHP otk . Fhe ' GYBAUGRPUR etet SEclRRLoR sipeRese
current incregse due tQ an increase of a load and an _over-reductiqon of a
vel ocity, et cUnesamaged LublishedLatent rAnplication 200} 502528% an cpxampleselyt e
fromthe overcurrent state. Further, an overcurrent |evel used for
detecting t hedetectingrthenstepous hyacorspeting Havdd ofnaavatagegeupus fremnthe
tol erancé of a nagnet used for the rotor of the direct current brushless
nmot or or a | i invertey apparains wity alcyde of acuviend 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 detection level is disclosed.

[0011]
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 syhch.ronous operation is continued
without stepping out, the overcurrent can be caused by the current increase
due to an increase of aload 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 a value set
based on a demagnetization télerance of a magnet used for the rotor of the

direct current brushless motor or a limiting current level of a device used in



5 the inverter apparatus. Therefore, it was difficult to set a detection
level, used for detecting the step-out independently. [0012] In sone

conbi nation of the inverter apparatus and the direct current brushless

not or, the cdhednvertar apparatmsof Thexsforeniy wastdifficuligneset adatection levplmsed i n
a synchronous state. In such case, it was inpossible to detect the step-out
based on t he favédetectingthe step®uBindepbpdenthe st ep-out state continues as
stated above, it causes a problem of vibrations and a noise of the rotor
of the notor. Furt[g2]there was even a case in which an apparatus was
broken due to the vibrations of the notor. Further, when the current

supplied to the syn¢hpaeQdmbiRiiin b fHeSRYBtter bifafhtud@andXhR ditlce Cukiat 2
sem conductor device, etc. used in the inverter apparatus was broken.

[0014]  1In ”b?u%ﬁl@@é Rloby, T i PG Gmbe 38 s{[%bﬁﬁég%ﬁt is Tov@éli%n HBICARRYE

nmotor disclosed I n Japanese Unexam ned Published Patent plication Hei

11-18499, a.pec ' r ti ' | S
necessary forﬁdgﬁielg?ﬁloglgtﬁggﬁ'st g%%%c%eﬁﬂ%%%%ﬁ%ﬁ ga eg%fiﬁetél}ﬁg %:;1?1 a

m cr oconput er, e@c. tbs inﬁ’ee§ed. [0015] In the apparatus for detecting

t he step-out lﬁ’?e _ﬁg 98%7‘?]”0 OUS motor  disclosed in Japanese Unexani ned
Publ i shed Pat ent Aﬁﬁh}si:ation 2001- 25282, the step-out is detected by
conparing the cycl the voltage output fromthe inverter apparatus with

the cycle of the current supplied to the sensorless .
When the step-out state continues as stated above, it causes a problem

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. |

[0014]

In the apparatus for detecting the step-out in the synchronous motor
disclosed in Japanese Unexamined Published Patent Application Hei 11-18499,
a ﬁlechanism 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.

[0015]

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

inverter apparatus with the cycle of the current supplied to the sensorless



6 brushless notor. Therefore, when there is no difference between the
voltage cycle output fromthe inverter apparatus and the cycle of the
current supplied to the synchronous notor at a tinme of stepping out, it is

i npossi bl e t brush@ésahotok.heThérefore,whei dhdreds nol differdifes hatiedn tHe wltpet i ng
the step-out by conparing a d axis current which is an exciting current

component W Eghi@odfpRR fRith thé fﬂv%%ér?}ph%k émﬁ' tHE RydlB s %gﬁﬁ@ﬂt SippiRat

changes according to a velocity and™a condition of a load torque, it is
necessary to %nrftﬁu = Ot t] . ral: C 4t i on,
and setting Fﬁgﬂes ep- g%tl e ggotgie%nd ﬁ(%{/ée&/ﬁgg&@g %E?ﬁggqn%iioggal?%&o% 1"61.
This inventign i,s intended,to.solve, the abpye-statead praobl ) .

par 11 cul ar | y 204 PR oy cRERBES 15 Bt Ratanfond 8E Y FpRaRk Be BB aeE BY comparingoq
for detecting,the step-out,in the synchronous notor accurately jn a
simplified  Bpreus GHeRt Vhish 1s A cORHHRS CPERnh CBROREENAS & SlERAte o
drive of a closed ion?ressor and a drive of a fan notor in which the
above- st at ed dgiegen {evel.rsgnce theegatinggurrant shanges acconding b ayeleditvande not or
s packaged. [0000] According to an aspect of this invention, an apparatus
for detecti ngondition @f aclendtaraues jinisinesaeaazy o sel a isteraent deteetien leyebforat us
for driving the synchronous notor w thout using a positioning sensor for
detecting a pach vberationf canditherprandsetiiodgsthe shep romt tdetientivnt leveX bas detbect i ng
a current supplied to the synchronous notor, a d-q coordinate converter
for converti ogmplicatedent signal obtained by the current detector into an
exciting current conponent (d axis current) and a torque current conponent
(q axis current), [@016] ternating

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

[0000]

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 rétor includes 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), an alternating



7 current conponent detector for obtaining alternating current conponents
of d-- g axes currents obtained by the d-q coordi nate converter, and a
step-out detector for detecting a step-out by conmparing at |east ong_of
alternating ewrerigomponeshdatestoyor phtaining allemating axrentfomponents of d-
predeterm ned step-out |evel signal. According to another aspect of this

i nvention, anqajqear amentsoobtattedeby i the d-os ceprdmate j convexsom cdnd rrostepnpitor in
an inverter apparatus for driving the synchronous notor w thout using a
posi ti oni ng sdetector ffor ditéctivtg agstep-omo byt compafing atoleast ionel afdalkematimgr ent
detector for detecting a current supplied to the synchronous notor, a d-q

coor di nat e copweeh® tornPonéis \of 'the NBq axes lchefnts Wit al predetirigfed ¥tépgut
current detector into an exciting current conmponent (d axis current) and a

torque currenfeyePgRRFIENt (g axis current), an alternating current
conponent detector for obtaining alternating current conponents of d- g

axes currents obt ai&&gﬂﬁxﬁ;{bﬁﬁﬁomoo% 'crea(t)fatﬁﬁn etn] on a&agﬁtgngggﬁltrsleg%

current conponent averagi r averaging the altefnati

conponent s of .- S _curren ai ni.ng. effectivepsval ue
and an avera %t[%g%‘g%gﬁ %F%’?/"gﬁ ]uﬂe ao%ﬁcﬁ%oxgﬂse}x{%gg?% %%uﬁvgﬁﬁerc%éppa%%tﬁ for o
the d-q axes,currents obtained by the,alfer.nating.current cogponent,

ot ect or , - anddiine the vk aaRA oY POROULIEOE Ay LB SRASDT i SRUREG ng
at | east one of the @ffecti,v&lval ue and t.he ave%ra ed absol ute val ue, of the
al ternating cBmogiton o 3hgterdneludss acperens detectax E‘iﬁgerté?ﬂ%g BSPECRE 8 e

alternating current conponent averaging_unit with a predeterm ned step-out
| evel signal . tBheossmchgonaisanetonen dxk peardingte copverienfan comrerting aappaent: us
for detecting a step-out in a synchronous notor in an inverter apparatus
for driving sigaabgblaineshby thercurentvletecior intoi ay excifiogicureemt cgmpenent ( or
detecting 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, an alternating
current component averaging unit for av-erag'mg 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 alfei'nating 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 aﬁeraging unit with a predetermined step-out level signal.
According 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



8 a position of a rotor includes a current detector for detecting a current
supplitred to the synchronous notor, a d-q coordinate converter for

converting a current i gnal , obtai ned by the current detector into
exciting curr@rﬁosé%?fbﬁé%ﬂ?%fHICP"H%??W%’éﬁ{éfe 0p dpiSCHEE arrenisup nent
(q axis current)., a cyrrent difference calculator for calculating a

di f ference bettfdBe smélrenausamorc ard-gseerdinate soneerten for renvergingxe current
converter and comyand val ues of the d-q axes currents, a current

di fference al tsignatobiained by dhe cuoreps detactatcinte anrextiting aerentt donponent (d
alternating current conponents in the difference about the d-q axes
currents obt aiaxes chyrent)e andra dotquéi édirerih cempeahait! &f Gxis ametent)s tae puBdht
detector for detecting a step-out by conparing at | east one of the

al ternating cuifferehce calonlunenios caleuldtingti GiffremechetRost thd@-Caxbsdufents
currents obtained by the current difference alternating current conponent

detector with obtaiRb@dst €he dg Chofek CtmOtitet Gl cohARA vARSS & (M 1Sy 3Res her

aspect of this invention, an apparatus for detecting a step-out ih a

synchronous Mehgrentd) 8Ncurdfl URTerBRRAale aﬁ:?% cullfeny! &%ﬁ&%n?ygbﬁgﬁ%;ﬁﬂg

not or wi t hout usi Nng a positionl ng sensor or etecting "a posi

01 o SOt AP SR PGS DA S ™
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step-out detection leyel, and_a step-out detector for detecting a step-out
based on a current difference alternating current component detector with a

predetermined step-out level signal.

According 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
a position of a rotor includes a current detector for detecting a current supplied
to the synchronous motor, 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 célculator with a step-out

detection level, and a step-out detector for detecting a step-out based on a



9 conparison result obtained by the output voltage error detector.
+According to another aspect of this invention, a nmethod for detecting a
step-out in a synchronous notor in an inverter apparatus for driving the

synchronous rcomparison nesvlt elstainpdebypihei ovitpat vojtage estor depectaket ecting a
position of a rotor includes current detecting step for detecting a

current supplied tAcddrdingStynaivtleroaspetinifahis MventionLimeshed foodeesctingon st ep
for converting a current signal obtained in current detecting step into an

exciting cur rggéf-o6 i &N e chirenodX infotl in @ Invditbroappuraties €47 AERingt ghponent
(q axis current), alternating current conponent detecting step for

obt ai ni ng al tsghél?ﬁohﬁﬂs S&Htéleﬁitgowgﬁgﬁ%{‘ﬁ&siﬂ&niﬂg%eﬂ%&?fof Héfe%ﬂhg g?;% e't‘&?d I n

d-qg coordi naté converting step, step-out detecting step ecting
a step-out by q:gp&r-' . . e 9511. ![rl'ga s of
the d-q axes ogu%rrentlg&%g?éa?‘#g%%&Qgﬁgesftﬁgﬁrn%&cur en%%ﬁg%“@ﬁmﬁ@é%u ng
step with a predeterm neq; st(ﬁﬁ-out . vael si gnal t A(fcordi ng?.}lo anot he{
aspect of thi"YArTRPEAEP SROToR i POHIIPAFe HRIVECER SIP 1% GQRVETing  gurren
synchronous notor, in.an,inverter aratus.for driving the  synchronous
Totor wi t houtER A PanEb I HishRt APIECHE Step i SIATRE CUFERL KIFRARent (d o
rotor includes, current detecting step for detecting a current supplied to
the synchr o CHiesh), apd @ borgna; aTent Componenh (a axis crEenby Aleraating o
current signal. obtained in current detecting step into an exciting
current conpeMerant( compenent ydeteating astera faar (rhtaining o dlteraating e gurregt axi s
current), alternating current conponent detecting step for obtaining
al t er nati ng compenentscefanaxesscurfents pbtained durd-g coerdibatei congrertingl step,
coordi nate converting step, alternating current component averagi ng step
f or aver agi ngndsteplott de@tiing stepfor detectimgrp steprdut byf coparihgoptdesst onernf ent s
by obtaining one of an effective

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

alternating current component detecting step with a predetermined step-out

level 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-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), 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



10 val ue and an averaged absol ute value of the alternating current
conponents of the d-g axes currents obtained in alternating current
conponent detecting step, and step-out detecting step for detecting a

st ep-out by omipaandgnaverspad absolatodalut bftlef dleahating cairent acmipohentawér aged
absol ute value of the alternating current conponents of the d-q axes

currents obt ahgddy hxesdulrinta bhiainslin’ 4frnaHAR ARt caipsagit Adtettiag steg,h a
predet erm ned step-out |evel signal. According to another aspect of this

I nvention, a maeﬁtoﬁpaet@eﬁﬂgsﬂepqoﬁde@éﬂg 8 Ylepldtt Dy CORGINAROM I B R oEN an
I nverter apparatus for driving the synchronous nofor wthout using a

posi tioning . i It i r | nt
ot cct i ng. ot ahorectiff w3l 49 roblo il yafhd & @ AREAHER EHRET
d-qg coordi nate _converti tep for_copvarting.a current signal obtained in
curront det ocPPRyRERtsoetile §-daen Shrienty ditnintd if alSmaiie ehirdntoomongnt, ot )
and a torque current co ent axis rrent), gurrent difference

cal cul ati ng AERPHBE sgecﬂ%ﬂzftl?li‘? g'ﬁ%‘?‘t#@“’@@”fé’@ﬁ@@ﬂ he d-q axes

currents obtained in d-g coor diﬂate conﬁ\{é ting step and ﬁo nd val ues of
the d-q axes curr&fgerdingto annther asnertoftisinventign; ¢ ethed for deterhngnant
detecting step for obtaining alternating current conponents in the

di fference abdeR-ouhdn asynchrenowy madon $n g invester Appanates foxjidriving the
calculating step, and step-out detecting step for detecting a step-out by
conpari ng at symsbtonone muftox without neingan posjtioningaensaiop detectingi mpodition

di fference about the d-q axes currents obtained in current difference

al ternati ng oofrarmebdr includes ewtrentedetectimgystep égr deted¢tingia punrdnt supplieddothep- out
| evel signal. According to another aspect of this invention, a nethod for .
detecting a synehromousimotor,Sd-gCcévoddindte shiveiting step ifow eonwirtiagpa icaiteatf or
driving the synchronous notor w thout using a positioning sensor for
detecting a pAsndliobbained in current detecting step into an exciting current component (d

-

-axis current) and a torgue 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 ;:ommand 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 compbnents 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.

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

11



11 of a rotor includes current detecting step for detecting a current
supplied to the synchronous notor, output voltage command cal cul ating step
for calculating output voltage conmand val ues applied to the synchronous
not or based oef srotorinchrdessigreal detecting etépi for deterting adurzent snppkedsts theut put
vol tage vector calculating step for cal culating an output voltage vector
based on the guidhdénousOnbRECoEIPIBLtagelcommend edladdting step fort calohlatine
command cal cul ating step, output voltage error detecting step for

conparing a Sga{pid voltakdBomiiandl valabd agfliedvRCihersyabhfndas mdatopbased oval t age

vector calculating step wth a step-out detection |level, and step-out

detecting st e&%{)rg{lt \(};géﬁﬁt Bmi@edsitgpé\ﬁ'fénipﬂﬁﬁ'ééﬁﬁg é’tepf(b%ﬁﬁﬂ %Itaé@s\%lcgor |

obtained in ou {age error detecting step. Further features an

applications ofy the. pr i N |
detail ed desc‘r'?lﬁ?gﬁf?%g%\glé 2@1‘@%‘?&%’?&&9 %%&23@@&&? { @@E@h?(gjﬁd %%gg?%l%tood
that the detailed description and speeific examples, whil | N§l '
preferred erTbHBﬁﬂ%‘f‘EmﬁPﬁ{l I’féﬂ}eﬂ\?g};ﬂlgﬁ‘&n 3?@“@?’%%%?%9“ gf:aiclﬂféftﬁgértgﬁ’i on
only, since various changes gnd nodifications within the Irit an scope
of the invent PBW%WOftaS%g%aﬁFﬁngﬁfeptfgr EHBRAAINE B SColg Pﬂaf%‘&‘tg}‘?v‘ﬂﬁﬁﬁ this
detail ed description. O her objects features, and. advantages, of the
i nvention wi | vegjer ohtpiaednin prmtt veltaes) V@ﬁﬁmgg]&é‘l%t}%tsm%rﬁ SRR 1y
conjunction with the acconpany draw ngs. Brief Description of the Draw ngs
Fig. 1 shows detestibhdevedt anghstep-omh depastingister foydetiecting: a aigprwithagedgn a
detector in a synchronous notor in Enbodinent -1; Fig. 2 shows an
expl anat ory cleemparisor resublshtainedfin outputtvoltage prrovidetectingséem. onous
operation in Enbodi nent 1;

Further features and applications of the present invention will become

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

apparent from the following description when taken in conjunction with the
accompany drawings. |
Bnef Desgription 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



12 Fig. 3 shows an expl anatory chart of various waveforns at a tinme of
;stepping out in Enbodinment 1; Fig. 4 shows a flow chart in detecting the
step-out in Enbodinment 1; Fig. 5 shows an explanatory chart of various
waveforns at a tinFigf3 shéeppnngkplatatory €dro df varibud wdviefprnts athavikma of | ow
chart in detecting the step-out in Enbodinent 1; Fig. 7 shows a

confi gur at i ongteppial oab R Eaibedithedt et ecting the step-out in the
synchronous notor I n Enbodinent 2; Fig. 8 shows a flow chart in detecting

the step-out in Entpegi gt flotlaft id: defectiipthe316R0NE BUEALbERGL 1he

apparatus for detecting the step-out in the synchronous notor according to

Emhod ment 1. Fi gs 136 5 shOF i BIEREN, Bl e Rarhll i RhRIL Rk HRG T ©

configuration_, of. an i nveyt.er,. a atus. Fig. 2 shows an explanatory chart
of various HRRIZERUELY Eﬂfoldﬁﬁglggi’a synchronous operation. Fig. 3 shows an

expl anatory chart _of various, waveforns at a tinme of steppi out. Fig. 4
shows a flow char thgnG %&Wﬂﬂ@' Cgﬁﬁt@t@ﬁ-%.thﬁis&p@“@l%%gm%ﬂgnatory
chart of various waveforns at a time of stepping out._ Fig, 6 shows a flow
chart in detecting Fignhkskewpa sonfisyratignof ap appagatus for,deteetang the steput pover -
supply unit 1, an inverter apparatus 2, a plurality of sw tching devices

3, a U phase inpgibersynchnonpinmotenindembadiment ;

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.

 [0039]
Detailed Description of the Preferred Embodiments
Embodiment 1.

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
cﬂwt 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.

10040]

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

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

13



13 phase upper sw tching device 3b, a Wphase upper sw tching device 3c, a
U- phase | ower switching device 3d, a V-phase |ower sw tching device 3e, a
W phase |ower switching device 3f, a plurality of flywheel diodes 4
connected in Phasappper switehingslevical 3h, ya Brphaset ennengvdtohing degice 8, aer t er
main circuit 5 including the plurality of switching devices 3 and the
plurality of Phgsthlover siwischdag 4leviee Bdy adVipdwse dower switbhinghdevice 8gtoW6 are
illustrated. [0041] A current detector 7a detects a phase current in one

phase anong phaseltwerswyipdhing devics B8 alpluealitycoff flypwlkedd dicddses sonfitictyd & and
a current detector 7b detects a phase current in another phase which is

different frogardlid tehgreplehEet 6fl shitchiie aevicans, Qﬁ?iﬁ%ﬂ%r fRain/Gir& Y ¢ ¢ €7

controller 8 controls ON/ OFF of the swtching devices in the 1 nverter

mai N circuit Pnclhdngdihe ﬂ?ﬁfx‘ spsmahngfams%ﬁat@% g@gﬁ@ewﬁ 1

detectors 7a and 7b. [0042] PWM si gn gener at or S a

"~ signal for co deégI‘li’ diggjé%ectgg}ée{i}‘tf}b{‘{%ﬁl&g\%&@eg%gﬁﬁsg%%%‘?‘- based on out put

vol t age conmand val ues al ne e rtnverter co 8, and a phase
current cal cul ator bg 1 al cul ates phase current values in three phases
based on the phase [curr nt values in two phases detected by the current
detectors 7a and 7b, A_3-phase, tq 2-phase converter 11 is a d-qg coordinate
converter for conve‘?‘t(ﬁ“ﬁbe"tl%h‘ge%ﬁﬁﬁ’é&a Q%F? nt e eYrrent in, ere PRASS AMYME| ned
by the phase current calg¢ulator 10 to current values in a d-q coordinate
system A vol CHFEntS fRpled, io fhe dizect surrent brushlessi motarubpandyal euagent
command val uegFi n the d-q coordinate systemfor driving the direct current

brushl ess not detestzelp deteetsen phasaenrrentin, another phese whiduis diffevrent fromt em

obtai ned by the 3-phase to 2-phase
the phase detected by the current detector 7a. An inverter controller 8

controls ON / OFF of the switching devices 3 in thé inverter main circuit 5
based on phase current values detected by the current detectors 7a and 7b.

[0042]

APWM signal generator 9 generates a PWM signal for controlling ON /
OFF of the switching devices 3- based on output voltage command values
obtained in the inve_arter controller 8, and a phase current calculator 10
calculates phase current 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-q coordinate system obtained by the 3-phase to 2-phase

14



14 converter 11, and an out put voltage vector cal culator 13 obtains an
out put voltage vector based on the output voltage command val ues in the
d-g coordinate system obtai ned by the voltage command val ue cal cul ator 12.

A Jirect our paertal 1RGRghopisate Wudel 98ia: Rakyidst 1A w8l guape o

the direct current power supply unlt 1 An alternati ng current

component det ggigr. 551G oy vauaog GomSUROVES o g

currents in the g coordrnate sy se to 2- phase

converter 11, @{'%ﬁ%ﬁﬁ - out g E} g‘?% %&%n{ar}ﬁ vélhgpca?éfflaw @onmaring

the step-out §8 t| ng curren conponent s “of

the currents in the d- ord| obt i ned the. alternpatin
current. corrpoﬁ‘é’f‘i’F Hurer ‘B‘ﬁ ‘ﬂ’[t?fg%ﬁd 8?%%% entovoly _eo?_, ﬂ?a el
operation in the inverter apparat us conflgured as stated above is

expl ai ned. As cpryent ppyersupMyYmpgt 1.1 in the inverter apparatus 2, the
current detectors 7a and 7b detect the phase currents in tw phases anobng
the phase currents{0ghplied to the direct current brushless notor 6. The
inverter controller 8 calcul ates output voltage command val ues, e.g.

vol t age val ue, vol Aageltpiteting etrrent opponbyt tdetector 45t detents alternating 5
for driving the direct current brushless notor 6, and outputs the PW
signal for corukmnlticogppohents dbfthe airicnes ivihe ﬂ+qlg)odéma¢esyﬁemﬁobﬂamednbyer ter
main circuit 5. [0045] The PWMsignal is output fromthe inverter

control l.er 8 ghefgphasesto 2-Phasekageertdt’ 1End al stop-std deledtoral € detdcts thbase
currents lu, lv, and Iwin .

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.

[0044]

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 7a and 7b detect the phase currents in two phases among the phase

currents supplied to the direct current brushless motor 6. The inverter
controller 8 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 /
OFTF of the switching devices 3 in the inverter main circuit 5. |

[0045]

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

The phase current calculator 10 calculates phase currents Iu, Iv, and Iw in

15



15 three phases based on the phase currents lu and Iv detected by the
current detectors 7a and 7b, and the 3-phase to 2-phase converter 11
converts the phase currents lu, lv, and Iwin three phases to currents Id

and 1q in theggled phRes S8 6n THE hhidke Thfrelf i@gﬁdqefqr;gga'ﬁd e GakEay ator

12 cal cul ates output voltage command val ues Vd* and n the d-q

a _ _ _

Cystem The ooreRr e Padat AR Shhae o ?ﬂi;%fl%?#%d%%?a?ﬂﬁa@%%?%bﬂf% age
Vx* b h t | t. * Vgx it

1°q coor di nat ERayCRuskilts LD adR af REyrRes 1o SetEte sl o ibaig

signal for contrqglling ON / F of the sw tching devices 3 based on a
direct curr enfOSFEMALE SHHE o bt n&?}taafycem@aaarg ecealpgaton, d2t egenlatesect or
14 and the output voltage vector Vx*, _and outputs the PWM signal. [0046]
The swi t chi ngoW@itcwitage;emmand vplipeseYdfand Yo duithesd-gresordinate) system

OFF by the PWM signal output by the PWM signal generator 9. By an ON/ OFF
operation of batedson theicugrensyildemdilq im the deq cpordpratersyistens.upPhé edtgutom
the inverter main circuit 5 to the direct current brushless nmotor 6, and
the direct cueltage vistarstal@datordilocal Gulates duimenvol{age4/8btor Mit* bisetlvm the
currents Id and Iq in the d-q coordinate system obtai ned by the 3-phase to

2- phase conveotiput bbltagbeoalmaid alueg VdT aed Vo€ dlq cofidacdter sybfom.
detects alternating current conponents Id_AC and 1 q*"AC of currents Id and.

g in the d-qThe®@WM aigaab ¥ehé&ator ' CalctiRie te PN Gia{al ¥6r c&ﬂmﬁihg%ﬁth/ﬁe

alternating current conponents Id AC and I g_AC of the currents

d-q coordi nat OFFyé&H thR s¥itchidy AbHPeLY bastRl GEh ldRRct GebntFdifige A btained

by the direct current voltage detector 14 and the output voltage vector Vx*,
and outputs the PWM signal. |

[0046] |

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.

[0047]

Out 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 éltemating current components Id_AC and Iq 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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16 When 1d_AC or 1q_AC exceeds the step-out detection level Error_Level, it
s judged as the step-out, and an abnormal stop signal is output. [0048]
When the abnormal - stop signal is output by the step-out detector 16, . the
PWI i gnal goNBeRacAD GuieACsezcestiefin sicpront.letpatignderelofrrorTeevehih hi ng
devices 3 in the inverter main circuit 5 and the inverter main circuit 5
stops suppl yindged aethd stepout, qml/mtablmmtﬂstﬁprsfgmaldapumw. brushl ess not or
6. At the same tine, the operation of the inverter controller 8 is
stopped. [0049] Wo0048jeference to Figs. 2 and 3, a nethod for detecting
the step-out according to this enbodinent is explained in details. Fig. 2

il[lustrates an exaviR&Etd ab@drind] st ¥ighal IHo Mﬁﬁﬂ by Bedtéeoht dbfetRDt16,
brushl ess motor 6 is performng a normal synchronous operatlon In Flg 2,

a waveform ( afhe'lSW?v/I %e QﬁéFaQJr @o@@%%&acs&kﬂﬁ%raiﬁnﬁié P&uﬁg” rent

detector 7a, a . orm Is a wavef or d axis current

obt ai ned by tmlgéspgﬁ?g v%rte?lﬁﬂ%ﬁ c?x%e gg';) gse i %mﬁ%% 5a ‘Wﬁ%eform

of a g axis curren al ned ase converter

o the q axi S &?%Jgﬁfthﬁqe‘%%%ra%eﬁ’%? fe ﬁ%%ﬁ%éﬂgr‘%ﬂf S Bgier & o obF i e
wavefornms when the direct c rre br ushl ess IS, ste plng out. In Fig.
3, a wavef or Mg , khe 9%}'3 Hﬁ)}?e’é‘_vﬁ’fjrﬁg‘é""égﬁeéﬁtlsls@pé’ﬁ ai ned by the
current detector 3“ a_ waveform(b) is a waveformof a d axis current Id

obt ai ned by the 3- to- 2- phase converter, a waveform(c) is a waveform

of a q axis current obt ai ned_ by the 3- phase to ZdDhas_e converter 11,
and a waveform (d) W@herefm@%tmﬁ‘ws 4rend 3, a method for detecting the step-out

according to this embodiment is explained in details. Fig. 2 illustrates an

example of various waveforms when the direct current brushless motor 6 is
performing a normal synchronous operation. In Fig. 2, a waveform (a) is a
waveform of a phase current Iu obtained by the current detector 7a, a
waveform (b) is a waveform of a d axis current Id obtained by the 3-phase to 2-
phase converter, a waveform (c) is a waveform of a q axis current Iq obtained
"by the 3-phase to 2-phase converter 11, and a waveform (d) is a waveform of an
alternating current component Iq_AC of the q axis current Iq.

[0050]

Fig. 3 illustrates an example 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 obtained by the 3-phase to 2-
phase converter, a waveform (c) is a waveform of a q axis current Iq obtained

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

17



17 alternating current conponent |q_AC of the q axis current lq. [0051] As
dllustrated in Figs. 2 and 3, when the direct current brushless notor is
in a synchronous operation, the currents id and Iq in the d-q coordinate

system are médrﬁaﬁh% BabreAtiEdB drfent TQ VRV 8f the'axis clifredlt TgCt current
brushl ess notor is stepping out, alternating current conponents are created

in Idand Ig. As iddﬁitrated in the waveform (d) in Fig. 3, the
alternating curren conmponents Id AC and Ig_AC of Id and I q are conpared

current - conpanent s ST BB AR fa WF 2 S qukee R b SR AL AP,

the step-out., The step-out is d tec%ed t hr ou this apepation. It. will be
expl ai ned as 1 3P SEHHIALH: ORFRBPRA e ARt 2Bt TadRcHe AL eordingle oq i n
Id and 1. Wen, a-notor, e.%&? | PMBM (I nterior Per nenﬁ (li\ﬁgnet

Synchr onous NSt  aten b fAEEaESC e HAWEYeR X WheHN 4o ndIrEGtd GRETEAE e Of
q axis differ fromeach other, is in the synchronous operation, a constant
phase di f f er diraghless motonyisistepping oule eHemngtingswregntichmponents aragreated dut put
vol tage phase of the inverter, i.e., in the d-q coordinate systemwhich is
based on t he Idianguka. v distilystratedse the waveform/d) incFig. Blihei altbrpatingeunfent! axi s
of the rotor and the inductance of q axis of the rotor are constant (each
of the i nducioapoaents Il #AC andfIg A€ oOIdbandrig dfeecomphretiamith thie sfepoous of
the rotor has constantly a sane value). Therefore, the d axis current Id

and the g axidetedtivh/ Rl EfroaTeevehsndyif thé aRbrmtingattirfent! ddnigvd efitLéxcerd
state, .-a phase difference between the phase of the rotor and the out put

vol tage phaseh@fstepRut NdRédtin IdveL!#akSndged Bs, theUsRpIWRY THE st@%%ﬁk‘tis _
vol tage phase of the inverter as a standard, the inductance of the d axis
detected through this operation.
It will be explained as follows why the alternating current components
are created in Id and Ig. When, a 'motor, e.g., IPMSM (Interior Permanent -
Magnet Synchronous Motor), in which an inductance of d axis and an
inductance of q 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 oﬁ the output voltage phase of the inverter, the inductance of d axis of
the rotor and the inductance of g axis of the rotor are constant (each of the
inductance of d axis of the rotor and the inductance of q axis of the rotor 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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18 and the inductance of the q axis fluctuate. Therefore, the d axis
-current and the q axis current change in each rotation phase, and the
alternating current _conmponents are created in each rotation phase. As:
stated, by deadshe myluctanceofthe ga¥infuetwateniTheseforndhe o s cherent gndxes
currents, a fluctuation (an operation state of the rotor) in the

i nduct ance othet ¢@xis axrentathdngh dn @aclx ratatipn tphase,randthecaltematingtawerent by
conparing with the output voltage phase of the inverter. Accordingly, the
st ep-out i n tdmepomentd aoe oreatedioeadnnotationgihast edAs stated by \detdetingf theence
to Fig. 4, a nechanismof using the q axis current Iq equivalent to an

out put t or qugleRIREINECNIrreht bhifipenknte W thePRhi £tbst curréietsat Huctuiaiof X@nai ned
as an exanple of a step-out detector in Enbodinent 1. Fig. 4 shows a flow

chart in det ggdrafion isbéte DF B RHbr) i ThdinBuctancl oPARSE 2R3 anlithe ¥f axis bfghlel N9 tO
detect the st'ep-out, processing STP2 of detecting the phase current,

. . _ ¢ .
processing S%(Rér Uan B4 %#%E%@gyt . with 'the out@qaggﬁgcggé;gyt@g?%f e

converting three phases phases, processl ng ing the

alternating rrent nent [ ssing. STP6 of ¢ rin L 0t st ep-
out “detect [ofieEh ARPRARER, e REBIRE I B ohEnele B! (L ekebg g o
termnating in abgﬁégﬁl condition, and processing STP9 of termnating in
normal condition | lustrated. [0053] A flow in detecting the step-out

is described as fqllows., In processjng TP1, processings of, detecting the
step-out are starﬁ&&?‘ qeﬁerﬁP%&hﬁé’ﬂwaém%?éWﬁ £ e suarent laent |
the currents lu and Iv in two phases supplied to the direct current
brushl ess noe@kivaleat o anoatnuidopne spmpanept af theamarenysypplied 4o shermotaqrn

processi ng STP3 of calculating the phase current, the currents Iu,
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
normal condition are illustrated.

[0053]

A flow 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
thé direct current brushless motor 6 are detected by fhe current detectors 7a

and 7b. In processing STP3 of calculating the phase current, the currents Iu,
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19 Iv and Iwin three phases are obtai ned based on the currents lu and Iv
-in two phases obtained in processing STP2. In processing STP4 of :

converting thyee has to.two phases, the cuyrrents lu,  ly angd lwin three
phases obt ai %ﬂ%f’wp&?gﬁs%?meﬁgﬁ%gﬁ?@%@ﬂfsﬂpﬂéﬂﬁﬁwe?‘ﬁ%ﬁéﬁP&éﬁﬂ% 8 and
g in the d-q coordinate_ system, | rocessi ng STPS det ecting the

al ternating cehwﬁtobm@;mmcewﬁsr@ﬁ?er ﬁatnrfa@ssagrséﬁé4 eﬁwwﬁmgg thregc of
the q axis current 1q obtained in processing STP4 is detected by using the
hi gh- pass fi | plases[tod%49|phases,thecssranty IsTiward Iwdnphrenghasasrohipimedtiap- out
detection level, the alternating current conmponent I q_AC of the g axis
current is copmeessing\BTR3 arbeostertedinto thetanrrands Id and [q fr the d-gevetdinate

g AC k Error_Level, it is judged as the step-out, and the processing goes
t o processi ngsysténd. Id preredéing STRY of ddtestirhg the alternatichgeshrasntt dvnponent,
synchronous. operation, and the processing goes to processing STP9. In

br ocessi ng. STetk aborslaGiig] itk dolifpobk T9AIof iHe o aisiinshiay dHigindgA Ou!

i n processing STP6, the PWM signals indicating al the swi tching devices 3
to stop are opidepdsiky STPA iIEWMR LI wdRPShehiph Shes®ehy, t he operation of the
I nverter controller Ts stopped. |n processing P8 of termnating in
abnormal conditi on, bgg processi ng of detecting the step-out is termnated
i n abnormal conditio ue to the step-out. In processing STP9 of

n
t ' ti [ | diti t i ' t gp- out
are Lorntnated | n RgPEreeia STps of SobBaEE Wil ieh e BhisiRoh I8 B OV
bet ween t ne. dEHSHARREGFFER Sompones AR o thY doiin GRERS g EPPRE SR « he
d-g axes curr ﬁ{‘et Sste%[-o&th e;[;elcgi%no evgf %}Dr%rrlge\%ﬂ " If I AC 2 Error_Level, it is

judged as the step-out, and the processing goes to processing STP7. I Iq AC
< Error_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 STP6, 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 STP8 of
lterminating 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. |

.[0055]

As stated, the step-out in the direct current brushless motor is detected
by detecting a 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.
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20 Therefore, the step-out can be detected nore accurately according to
this ‘invention than a nethod of detecting the step-out based on the
overcurrent state according to the related art. [0056] Further, since the
q axi s curr enThexefarguithe sten-oub can e detested: vrogeaacceratplynactordingt toe thisr r ent
supplied to the notor is proportional to the output torque, if detecting
of the step- omventontttien aswthaod ofi deteetihg dhe tdtep-quiakasedcon tRatoveroRiireditl Or

in detection can happen. Therefore, by detecting the alternating current
conponent of &tgte Adverdihgpo thid ralatediatdet ected nore accurately, even if the
out put torque condition varies [0057] Further, since a variable used for
cal cul ating the outjpgsg]vol tage command values.in the inverter controller 8
is used, a nechanism e.g., induced voltage estimtor, etc. is not
necessary. Ther ef on Sd D¢ 1100 P e
sinplified. [0058] Fypte sicg ey s @frg’i‘.’&g?qegﬁ%’t" %%@éaitkgm&%t Pt

Tnvention i s crgoating el Te SYBEHE SRAMNRCE Ble b BepRERongl i deiotimtsane

as Fig. 1. Fig, s strate vari ous. wavef.or at .th ite of , the direct
current brus hﬁ’ég‘g ’r%@%?c%n%gftkﬁs eé’t'g‘b%rsﬁ’ba ”‘.sgﬁﬁnlgil ‘.’55’, the g a¥isryrranta) i s
a waveform of a phase qurrent |lu _ obtai ng@ieby the cyrrent detector 7a, a
wavef orm (b) 8 r%a’&?e;lﬁ{%PBF cangthappen. refpwe, |y defesting dhpyalteraatingphase
to 2 -phase converter, a waveform(c) is a waveformof a q axis current Iq
obt ai ned by t fErentgomponegt of I 4he stepontreamrbe detegigd aneneraccunately, evemaifef or m
of an alternating current conponent |g*"AC of the

the output torque condition varies

[0057]

Further, since a variable used for caiculéﬁng the output voltage
command values in the inverter controller 8 is used, a mechanism, e.g.,
induced voltage estimator, etc. is not necessary. Therefore, the processing for
detecting the step-out can be simplified.

[0058]

With reference to Fig. 5, another example of the step-out detector of the
synchronous motor in Embodiment 1 of this invention is explained. A
configuration of the inverter apparatus is same as Fig. 1. Fig. 5 i]lustx;ates
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 In
obtained by the current detector 7a, a waveform (b) is a waveform of a d a:ns
current Id obtained by the 3-phase to 2-phase converter, a waveform (c) is a-
waveform of a q axis currént Ig obtained by the 3-ph§se to 2-phase converter, a

waveform (d) is a waveform of an alternating current component Iq_AC of the
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21 g axis current Ig, a waveform (e) is a waveform of an absol ute val ue |
I1g_AC I of the alternating current conponent of the q axis current which
is obtained by rectifying the alternating current conponent 1q_AC of the g

. ! f o i oleg b
1 Sert gt et B R YETLbBrithh) 18 pUENREARIVn dibolicaBlle PRLACIA D)

filtering the alternating current conponent of the q

axi s current .nass...filter. 0 J | £dy i | and
5, when the d e%férglg-ﬁg rﬁurﬁernﬁschﬁxggggg%aﬁhe @qs&uﬁ%ﬂ}%ﬁﬁ%%g@%ﬁ%@ g’?’i on,
the currents Id.,.and lg iy the.d-qg coqgrdinate L sysie re nost | i reet
currents. Hom’ée\‘/'gfxmﬁﬁ@‘h aﬁﬁréw&"ﬁgé&“ r"P’é‘HPne‘Hr%sﬁbe‘g §ﬁﬁﬂtat§f's ‘?“ﬁ%”tcleﬁ'b‘? Rg
out, alternating current conponents_are, created jn_ ld_ and Iq.

i1lustrated i Havefe 1oR Y gveform, OﬁﬁgTA@T ghiaedcby fligeing ﬁheAgb?&h}ta
_AC Fil which are obtained by filtering the absol ute val ues of the

al ternating cvalnesf theoaliemating arrrent campongnief thea pas.cpment by jaloy-pass
conpared with the step-out detection |level Error_LevelL If the filtered

val ues exceefiltehe step-out detection level, it is judged as the step-out.
The step-out can be detected through this operation. [0060] Wth
reference to Fig. 40083 an exanple of the step-out detector, a nechanism
of using the q axis current I q equivalent to an output torque conponent of
the current suppli et filustiagedidt Pigsi S and B| #hoe the Hirget drsditheushledd mocdrar t
in detecting the step-out. In Fig. 6, processing STP1l of starting to

detect the stRPiOHlsynPhfMIGS dperatidny the cherents TAGnd By PN3RE -4 cosFlinate
processing STP3 of cal cul ati ng the phase current, processing STP4 of

converting th%}ﬁ?eenﬁfg‘?éeﬁoét@theth@lﬁ%ﬁntsprOﬁﬁ%ﬁifélg whér fHe WRRE didberthe

alternating c
brushless motor is stepping out, alternating current components are created in

Id and Iq. As illustrated in the waveform () in Fig. 5, values of Id_AC_Fil
and Ig 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 Exrror_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. |

[0060]

With reference to Fig. 6, as an example of the step-out detector, a
mechanism of using the q axis current Iq 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
STPS of calculating the ﬁhase current, processing STP4 of converting three

phases fto two phases, processing STP5 of detecting the alternating current
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22 conponent, processing STP10 of rectifying (cal culating the absolute
val ue), processing STP11 of filtering by the | owpass filter, processing
STP12 of conparing with the step-out detection |evel, processing STP7 of

stopping by P rocessing S f fermonati i n.abnarmal  gondi ti on, and
processi ng S';Ig\é\gﬁod% ’eP’Fﬂcﬁ%S?’i‘%y"ﬁ#%nB}r Fr%ﬂt]‘f%’ﬂﬁa@%c tﬁ’fgeaﬁ th@pgetg ue '0061]
Aflowin detecting t tep.guyt |s descgribed as fQ|lows. In pr i

STP1 "the pr cERceTatng S Ho ok Allertpa e e o fives; rvesaoing STPLE @Y g
STP2 of detecting the phase current, the currents lu and lv in twy phases
suppl i ed to teRMPARRE With the stenputsdgteetiondavel nroesssingeSTRY of stppipg by
current detectors 7a and 7b. In processing STP3 of cal cul ating the phase
current, the PWMy pracessing STP8sefterminatinghincabnivad sondisionarudinroesssimgs ed
on the currents lu and Iv in two phases obtained in processing STP2. In
processi ng STETPHfof terarinating iy nohmekbcqudits@s arenflostratedohases, the currents
lu, Iv and Iwin three phases obtained in processing STP3 are converted
into the currents Ifgogr}d g in the d-qgq coordinate system In processing
STP5 of detecting the alternating current conponent, the alternating

current conponent . |46 idf ddtbQirk the step-out iLadsclible® b FHIMR. | Tn HrocRsIgNd
STP4 is detected by using the high-pass filter. [0062] |In processing

STP10 of rect sfrphp?%eg @@g&@%&% deREet RS Bl e bp Vit Usne: ﬂfaii’%d. alh §irb@isking

current conponent e g axis current obtaine processi ng STP5

or ocess ng_ STETTE Sra@Bahl e WAUE choredf ' oo Cpba 138 B0 Bllande
FiTter. and agfilil of EPohigel dosdd ikl flhe W0 BB UtoctBh 15 e bt

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 Iu
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 coordinate system. In processing STP5 of defecting the alternating
current component, the alternating current component Iq AC of the q axis
current Iq obfained in processing STP4 is detected by using the high-pass
filter.

[0062]

In processing STP10 of rectifying (calculating the absolute value), the
altemating current component Iq AC of th(_a q axis current obtained in
processing STP5 is recﬁﬁed, 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 Ig AC_Fil of the absolute value of the -
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23 alternating current conponent of Iq is obtained. In processing STP12 of
conparing with the step-out detection level, Iq AC Fil and the step-out
detection |l evel Error-Level are conpared. If Iq AC Fil Error_Level, it is

judged .as they,stenpsout. and the processin $ 1,0 RLOCEessSi ik o |
g ACFil < EP}tSF{%Q/%IC?rﬁePgicgtﬁpﬂ Sﬂﬁ ogiqtﬁe&gsﬂﬁéroﬁg r°§§%s?"% i'%o ,lzaﬂ% t he
processi ng goes to .processi STP9. | rocessi ng. STP st.oppi ng b he
Dbt when_i o CampRHBEIVED. thE Sebspih JoLHO, el I hA CoTak andh EeRpEbahal <
indicating all  the switching devices 3 to stop.are, output by the PWJ signal
generator 9, &gtecting leyal Haron; hewel amcompaze -erIféM‘S@E é Errogclgygbdt 13
processing STP8 of termnating in abnormal condition, the processing of

det ecti ng t hejadgad a8 tthessteprowtnanddtlien patnessing| gessnth wiresessing EEPThe If
step-out. In processing STP9 of terminating in normal condition, the
processi ngs oflq_A@tHt td Brror Heevel, apio judgedeas thersyrwhechdus operation,cantithe on.
[0063] . As stated, the step-out in the direct current brushless notor is

detected basedocssinBezods fto PreciesingeSTRPEN Tnhprodessity STPIUSH gioppingt byt bge t i me
of the normal operation and the d-gq axes currents at the tinme of stepping

out. Theref or WM, R¢henl iR Bs ﬁlﬂgeﬂ% the sts-¢ ﬁd%ﬂseé@hagsswpetﬁi@fpm%i%amg to
this invention than a nethod for detecting the step-out based on the

over current SiRdRa@hg AMdHAdswitchihy UeviRb& 30 &bb -ark Pt bf ‘ﬂé% 'BYM kidgall

axis current 1 q equivalent to the output torgue conponen the current

supplied to t %@?E%]tt&r 9 Sy g{fé’irog)ie n%hg(ln tof einb%{'t%i’tconﬁ:fbmreis %@?&%ﬁ;ﬁh T

the detection®0 e step-o e sInply based on a eve

axis curr Qnt ' ptrE'c%ss%tnEps@#B &e E&%ganlg s labﬂyﬁ}lalbgoaﬁ{:imil,n the processing of
detecting the step-out is terminated in abnormal condition due to the step-out.
In processing STP9 of terminating in normal condition, the processings of
detecting the step-out are terminated in normal condition.

[0063] ’

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 art.

[0064]

Further, 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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24 accordance with a condition of a velocity or a condition of a |oad
torque. Hence, the configuration becones conpl ex. However, by detecting
the alternating current conmponent of Iq as in Enbodinment 1 of this

i nvention, th - c ha:.det egt e rat el ven Lf ot cpondi tion
of the out put%cgf%aglg:e%h %rsb.n [ 00 :ﬂ:?{S as?‘?%gﬁgﬁ‘h@,ae"é‘éﬁ‘%‘.f‘ ?{13 E’%gxﬁ’gq‘&?lrrent
val ue is usedyfor dgtecti t he t ep-out, since e d ax{s rrent yal ue
changes accor eﬂge,tﬁme[ r?&“@g‘%’?g{%i?ec ??dicﬂné’:lf’xof H}gveg chﬁ’o&%&%u%t%te,
e.g., velocity,and, (] oad torque, the sfep-out ef.ection | evel nust be set
in accor danceX]\XFrH?“éch"é‘ﬁE‘?”cti RrgpeRie '%Symcﬁmgo il efghiomventon.ohe
torque if detection of the step-out is nade sinply based on a level of the
d axis currenstep9ut ganthe detpeted aceynatelpdever if thecconditionyof the entpub dorsmes
conpl ex. However, by detecting the alternating current conponent of Id as
I n Enbodi nentvarle® this invention, the step-out can be detected accurately
even if the operation condition of the synchronous notor varies. [0066]
Furt her, since the [08858]abl e used for calculating the output voltage
command values in the inverter controller 8 is used, a nechanism e.g.,

i nduced vol t age estSinmlaely, eebr if ithe dofxis RueFH3 valud 18 uBE@ T8y dbhRtiIREARRSSI NG
for detecting the step-out can be sinplified. [0067] Then, an absol ute

value | 1q, Abiep-oat, siee 3hb &l BRfsl Afir&M vAGE &gﬂ?;@é“i@éordjh%% ﬁiee BP@raﬁoﬁXi S

current is obtalned, and the absol ute val ue i Iltered Dy t OW- pass

filter to obt@ndidod bfﬁk?é%cﬁ?ddbﬁs'rﬁ’o%@ﬁe%.,lnve g%f éﬂld‘ﬂ)atd%ri.é L Sfbp-otd! ued

for detecting the step-out, the accuracy cting the eép- out “can be
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 in Embodiment 1 of this invention, the step-out can be detected

accurately even if the operation condition of the synchronous motor varies.
[0066]

Further, since the variable used for calculating the output voltage
command values in the inverter controller 8 is used, a mechanism, e.g.,
induced voltage esﬁmator, etc. is not necessary. Therefore, the processing for
detecting the step-out can be simplified.

[0067]

Then, an absolute value|Ig_AC| of the alternating current component
Iq_AC of the q axis current is obtained, énd the absolute value is filtered by the
low-pass filter to obtain a filtered value Iqg 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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25 inproved as follows. The alternating current conponent |1q_AC of .the ¢
axis current may 1increase due to a rapid change in the |oad torque or in a
voltage of the direct current power supply unit 1, wthout the step-out
bei ng occurred. By usip g AC Fil for detecting the step-out, it is
possi ble to ﬂ?@%@yﬁiﬁh& PW&neous detection of the step-out in the
above-stated state. [0068] An exanple of setting the step-out detection

| evel for conpari nghataltennating eurent ¢emponenigl of the quaxip sussgmtanard.
Even during the synchronous operation, the alternating current conponent

| g_AC of t he igcmeses dueto antapidhthengelin the load tergde durantaovalbagef ofutheditécon i n
the | oad torque, etc. However, a level of 1qg_AC created in a nornal
operation is cugint pobal supphyvehitof, wishdi thieestepdutbeingheechired. oBysugingi ng
out. Therefore, it is possible-to set the step-out detection I|evel at a

val ue which imTACgFﬁr forhddtedtivfy E]?é’@tefpo(futl, dit ACp6dsislt & prévéhiean Wrideous

operation and lower than the level o r AC created at the tine of stepping

out. Since t(*é%diioh%f%hEhfe%[ tﬂiiﬁftﬁé gﬂﬁ@e_ tEQqd he level of I g_AC created
evel o

in the normal operation and the I'g, AC created at the tinme of
steppi ng out, the (fUGrS r detection |level can be set easily. [0069] An
exanpl e of a set vg ue of the step-out detection level is explained. At

0.5A 11 a rati ng ot s of S hERarroladefion b B cOBREE AR g
o he. nor maltIBRGHASBTETIE Hh tgmspu i ExDPiR. o AveR  AGRLE b6 SYBFRIEoNe] g
et Ul N iSon, the Abentaimg corent componeht 1q A0 6 the axis (urrads valng
Iqis 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 Iq_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 Ig_AC created in the normal
operation and lower than the level of Iq_AC created at the time of stepping out.
Sincc;, there is a clear difference between the level of Iqg AC created in the
normal operation and the lével of Iq_AC created af the time of stepping out, the
error detection level can be set easily.

[0069]

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

At the direct current brushless motor 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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-26 of the alternating current conponent Ig*"AC Fil of the g axis current
created at the tinme of stepping out is 250 %or nore of the effective
value of the rating current during the rating operation. Therefore, it is

possi bl e 10 sgfbnfesheln Mreﬂ@&ﬁﬂdr%etk@_ﬁb 1 of408% Bhis bieerf beatdddt

val ue of the rating curre In considering an influence fromthe
fluctuation i t h r RIS thleG

Anot her exanpﬁé ﬁ% (Se}f%1 ]igéhghbgltg ggboﬁtogéﬁ?& |t%\rﬂiI #Fegﬁvé/?lgi expltgl[ene As an
exanpl e of a | oad pof, t.he r onous. . not o c ly a
conpressor of © ‘éﬁﬁﬁ?guﬁ}gé% B OBFTabian, FI‘Pgae % %@%%?%% %ét%
rotation, the alternati urr co ne A ed t he

current |q isout dgkacrign) Y %Bé%ugjg% e?tb‘FeﬁVgl ?ethhbe (’fﬁﬁ?’éd’“ﬁ ntthlé1
fluctuation in the | oad. However qu at the tipe_of step(g 8&?33 not .
so small. Theensidering apinfluencefeom the Syetuation;iy the lead tozay fhe

step-out detection |level slightly higher than a regular level. [0071] In
t he net hod forcuxtentyeltage.t he step-out in Enbodinent 1 of this invention,

i n some conbination of the inverter apparatus and the direct current

brushl ess notor, th@0C0yrent supplied to the direct current notor during a
| ow vel ocity rotation may be | ow Therefore, it becones difficult to

detect the step-out Adothief gxampld sfwettihdtlid step-ottitletection levelistexplained, t he

step- out state can be detected by increasing the velocity until a velocity

in a regular operahkQm bxthpla§dfed 164 bt tHD syrithroMiud’ moldif irs taeEorpiiessor,
continues till the step- out is detected. However, a tine of step-out is a

few seconds, aBfldidiify &UWohfitkssot WIRingd fo@aﬂlh@pr%hicﬁ Tog@@dTuctdates tniech

current supplied to the notor during
during a rotation, the alternating current component Iq AC created in the q

axis current Iq is slightly larger because of a torque ripple caused by the
fluctuation in the load. However, Iqg_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.

[0071]

In the method for detecting the step-out in Embodiment 1 of this
invention, in some combination of the inverter apparatus and the direct
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 case, 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-c;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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27 the rating operation. Therefore, there is alnost no bad influence on the
.inverter apparatus and the synchronous notor. [0072] Wen a velocity of
the brushless notor is increased or decreased, the alternating current

conponent i s theeritRg bperationcUTherdfsrel dhandid almestt B Wddinfipats i o tke
syst emin sone cases. This can cause an error in detecti ng the st ep- out .

In such case3nydfier ARRatiY afPthemikiRiohSthots | Ng a period wi thout

i ncreasing or decreasing the veloCity 1nstead of perform ng a processing
for detecting the {ﬁ}ﬁﬂ-out during a period of increasing or decreasing the
velocity. [0073] Fn the flow charts .in detecting the step-out in Figs. 4

and 6, when the alternating..current c onent s .ar.e detected in t

currents in the d- %Brvﬁp’% eofstggﬁxm%qﬁsspp(gto&lg ilﬂ‘&e o aﬁgeﬁ%egﬂe Pg%y in
detecting the . step-out can be -i nproved by.detectin n a,particul ar
frequency. coBBHBRTASuERIA GORDOBHIS SRearod M i cumipty 14 aha B do tBF 4
Transfornmation),_etc. An exanple of the_ particular frequency conponent is
a frequency toRPEdingte sysiemAE SoMe £aeSHCThis can caibie; %rg@r%ﬂrtlﬁuéetp%m the
inverter apparatus. This is because, in the operation of a four pole notor
for exanpl e, steR-oatir largushicases,shelstgpcadcanhetdetegted during a perdod without

st eppi ng out include a conponent of a frequency twice as high as the
rotation frecdnereagingf oxt decreasingheovelority imsteadeofi perforneingam parocessing fohe
particul ar frequency conponent is determ ned, for exanple, based on a
nunber of poldgeding the step-oat dhfing 4lperidd of imebixing bo dedeising ithg véloeity.
step-out according to Enbodinent 1, a nechanismfor using the g axis
current value was ¢ogofgi ned. It is also

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 impioved by detecting only a particular frequency component by using a
band-pass filter, FET (Fast Fourier Transformation), etc. An example of the
particular frequency component 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.

[0074]

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

mechanism for using the g axis current value was explained. It is also
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28 possible to detect the step-out based on the d axis current value, a
-difference between the d axis current and the d axis current conmand
value, and a difference between the q axis current and the g axis current

d. Th ' ' d
Sl o ar e coRunsiitt o Al Pl SRPTRB AR b (REY LhIE clindhh Safll CRTeFAIER"
iately, i dri vi trol. of .t h tor., The d '

T ont | commuhiveah b dheis furan, g e, LS CORPR FoRad YEe e B ned
based on an opgratio condiition of the sy cﬂr onous notor. nLOO?S] When t he

step-out is d E?@G%&?%PWQ%S&PFWF@HEQ o diagieenrrent cpmmand. The dn;

and the d axis current command value or the difference between the q axis
current and t#dEscevaxent command vdweesrd vhe ue axig cyryept dioppmpnd ceadue preneen
the currents in the d-gq coordinate system and the current command val ues
in the d-q cocminantevalpes cior acontroblizg rthe; syrivhrenouse niator rapphnepmatgly in
coordi nate system are obtai ned by the 3-phase to 2-phase converter 11 for
converting a drvingndonwiel ufthesynichemons asetsr. oiwi daishiyrtdit ohasand wakuent
calculator 10 to current values in the d-q coordinate system Then,

al ternating cand¢hé qeaiPaneshscihmaid vahicanredbtdihineddinzed onnard Bperdtiof axes
currents are detected. Then, at |east one of the detected alternating

current  conmpaifiifien of tHe W mdhdhh§ RSy, I N the d-q axes currents is conpared
with a predetermned step-out |level signal, and the step-out is detected.

[0076] Wen the ¢ [@ng current value is used for detecting the step-out,
the g axis current Is’equivalent to a torque conponent of the current

supplied to the  sygfl) QREYRed Bils d&@&%&%‘&é@d MNBR diftredlol HebRbdd Ens o ENt

conponent
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-q coordinate system and the. current command
values in the d-q coordinate system are obtained; the currents in tile d-q
coordinate system are obtﬁned by the 3-phase to 2-phase converter 11 fdr
. converting a current value in three phases obtained by the phase current
calculator 10 to current values in the d-g coordinate system. Then,
alternating current components of the obtained differences in the d-q axes
currents are detected. Then, 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.
[0076]
When the q axis current value is used for detecting the step-out, the q

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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29 created in the d axis current is high, the fluctuation in the output
torque of the notor is big, and the notor is in an abnornal operation.
Even in a nornmal operation, the alternating current conponent is created.

in the q axis rent t.he fluctuation i he.l oad,t or que, , Howevgr, the
al ternating cﬁ%ﬁeﬁfm @S%ﬁ%ﬁ?rﬁeﬂg{sﬁgghowuc%‘b@?% mgthe; (ipﬂmq\‘ﬁﬁﬁthtehe
alternating current ..co nent created at the tjnme of, stepping out. As
stated, si ncemé?{‘l,rﬁﬁrﬂg’ gﬁg tﬁﬁé“‘&?r 31 ap ghpermal apergtione| Bvew g @ permal
operation of the motor, it is easy to distinguish the normal operation and
the step-out.operatencthe alfernatiagtyurrent compopeahisnireateon thei @gxishairgentxi s
current for detecting the step-out, the step-out detection level, etc. can
be set easil yby [the7fliictuation inhéhel laad Sovque; eHowevens ¢hie fadterdatingt curgerithe
step-out, since an alternating current conponent is created in the d axis

current at theomponendfin she mpinngl @peration bs ldwerqtlvad the WilteAhting h@wrsémp- out
can be detected as in a case of the g axis current. [0078] Wen both the

d axis currentommpshent@rentadias the ki bf ét’eﬁpﬂfgedlt. SIARCRatddC sinth SPclUgel B
detected based on a plurality of data, the step-out can be det ect ec? nor e

accurately. |{hd § i euRed chh Del 1 R1ABAVES hn lpEraicd S tHeMoBfH itV yé’%g?ﬂri}d the

g axis current value into at |east one certain detecting val ue g a

Coor i net o CORSSRELER 80clngt JdE Sl S G ol PR SRR 10
Curtent ond, e ettty lng o' § AFEAn fo” Bl g B 49
step-out detection level, etc. can be set easily.

[0077]

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 q axis current, the step-out can be detected as in a case
of the q axis current. |

[0078]

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. It is also possible to convert the d axis current value and the
q axis current value into 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.

[0079]

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

magnetic-polar direction of the rotor of the motor as the d axis and a phase
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30 advanced by 90 degrees in a rotating direction fromthe d axis as the ¢
axis. ~ However, when the synchronous notor is driven w thout
positioning-sensor, it is difficult to detect the d-q axes accurately.

Therefore, t £ | | s equival gnt 1t Q. 1 |.S. 1S
defined as ahgdvgl)%cgd gXﬁgeégg?ssM]g%ﬁ?@%iﬁﬁ%@%ﬁéﬁqﬁ{a&xﬁl 5?9‘} ssgsgg? § ﬁ:éd&%is ar
axis in a coogdi nat e stemfor, controlli.ng..It i.s needl ess.to say that a
sane effect can Bet 8’3’1‘??@8 syRchyopgys mogay, is i%é—'(YIﬁgtW%lﬁo‘% R"r?“i‘%ng'-s??g‘gxlgs
coordi nate syst 0080 In.the above-stated egpodi nent, an, absol ute

val ue of the %I ‘S@?‘r{ﬁ i(gﬂdiet??ﬁrqh@rfiqc@f?ﬁo?‘%ﬂ’faée]df ﬁ%"eﬁglﬁ» dhere is arcage dn; s
obt ai ned, and {he absolute value is filtered to obtain an average val ue of
the alternati Woichuan &¥is eqwivplens to Sherd axis is- definedsas ar fepxis and ey axis an
effective value of the alternating current conponents of the d-q axes
currents can ¢mivalent do the q hais isv smluy ekistimeaatopedinate systemr fornt
conponent's of the d-g axes currents. [0081] Enbodinment 2. Figs. 7 and 8

i | lustrate Entomdiralmg. It iFngedléss tol saytthat asame effset cgu batrealized int Heame
inverter apparatus. Fig. 8 shows a flow chart in detecting the step-out.
In Fig. 7, theonofigueatiorcwithethle powemaxesig@prdindtd $ystemf he i nverter apparatus
2, the plurality of switching devices 3, the U phase upper sw tching
device 3a, the V -jo@erg upper sw tching device 3b, the Wphase upper

swi tching device 3c, the U phase | ower switching device 3d, the V-phase

| ower swi tching dgyi i | ' device .
plurality of fl ym%e*@dﬁgﬁggﬁe%mgﬁﬁ%ﬁhpa}%ﬁ% l‘vﬁ%hée ﬁ%‘%p?lﬁér’é‘f"hhg of

sw tching devéaﬁ‘fén@co%}txgiﬁegté“ﬁ?rthgrd-msc&frféﬂtg if dbPEnbd! BHa '8 Bddhde 1Y

of switching devices

value is filtered to obtain an average value of the alternating current
components of the d-q axes currelits. However, an effective value of the
alternating current components of the d-q axes currents can be treated as the
average value of tﬁe altemai:ing current components of the d-q axes currents.

[0081]

Embodiment 2.

Figs. 7 and 8 illustrate Embodiment 2. Fig. 7 illustrates a
configuration of the inverter apparatus. F1g 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 3b, the W-phase upper
switching device 3c, 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 including the plurality of switching devices 3 and
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31 the plurality of flywheel diodes 4, and the direct current brushless
motor 6 are illustrated. [0082] The current detector 7a detects a phase
current in one phase anong currents supplied to the direct current

brushl ess nmotor 6, and the current detector 7b detects a phase current in

ot cotor 7o, SHRRNER oE BB Mipdde ™ ol 16 MBS BRbR TR WAOLHREER g

devices 3 in, heti verter main circuit 5 based on phase current val ues
detected by t 85¢8%nt detectors 7a and 7b. [ 0083] The PWM si gnal
generator 9 generahia@gihe PWM signal for controlling ON/ OFF of the

sw t chi ng devi ces ed on output voltage command val ues obtained in the
i nverter controller_8, and the phase current cal culator 10 cal cul ates _
phase current val u&bejoyrrentedetetton @8 detertsl ahashcuptentdncorer phase ambugs i n
two phases detected by the current detectors 7a and 7b. The 3- phase to

2- phase conveureants suppliod to shehdirest aserendrbmshlesslmator i6) ddd dee cpireats

obt ai ned by the phase current calculator to current values in a d-q

coordi nat e sydstentyr Ahdetdeés wqlaag euermman dnvthareploal ovhiah 35 differelt Ghons

out put vol tage command values in the d-q coordinate systemfor driving the

direct currerthebshesel dstectett by thasR@rént ddtectod!ITaeNTheAlniREter Nedntfoliér - 81
coordi nate system obtai ned by the 3-phase to 2-phase converter 11. The

out put vol t ageniels ON FUFRbALRE swiichiiPlidicdd M RN inYGhiA8R Y Shlalt Hased

on the output voltage conmand values in the d-qg coordi nate system obtai ned

by th | t th: | t
y e vol t 33Re8 8APRGe ¥Rirkft G%heé’h@tteefed%nt%leég eglgge%@]pfo?%tgagﬂﬂ;d;@{] current

voltage detector 14 detects a direct curr
power _supply [0083]

The PWM signal generator 9 generates the PWM signal for controlling
'ON ! OFF of the switching devices 3 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 7b. 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-q
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 voltaée 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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32 unit 1. [0084] An output voltage error detector 17 conpares a scalar |
-VWx* | of the output voltage vector Vx* obtained by the output voltage _
vector calculator 13 wth the step-out detection |level V Error Level, and
a step-out defmgtior 18 detects the step-out based on a conparison result
fromthe output voltage error detector 17. [0085] Wth reference to Fig.
7, an operation in ém]i nverter apparatus configured as stated above is
expl ai ned. As illugtrated in Fig. 7, in the inverter apparatus 2, the
current detectors y 7 e ' o] nong
t he phase current sfbuggp |te‘8’lﬁggt%%°%?§t§c gilﬁr?@@éﬁ@%ﬁasﬁ‘f%&s@}'& gf()?é.h%The
inverter controller,8.calculates, out | tage .co nd val ue . g.

Vol tage val ueniBuLpliges Frckes TxE ptutn by fBe R RIGRF rettniniostolds,
for driving the direct current, brus notor 6, anpd outputs. the PW/
signal for coWtthothe stgpaut/detestio V&i&ﬁ"?&‘ﬁ"ﬁg %‘@iac%p?‘ﬂtrfiett?f'é"‘i dfert er

main circuit 5. [0086] The PWM signal is output fromthe inverter

control | er 8 defeetsithegtep-outthasedon @ comparisen regudt fremdhe potput voltage €xroshase
currents lu, Iv, and Iwin three phases based on the -phase currents lu
and |v detectdetetbprife current detector 7a and 7b, and the 3-phase to

2- phase converter 11 converts the phase currents lu, lv, and Iwto
currents Id and | q[0®88lhe d -q coordinate system The voltage conmand

val ue cal culator 12 cal cul ates output voltage command values Vd* and Vg*

in the d-q coordi navithsysbrmcoapelighn7 !t &R 6poratith Sinl ¢héridverter apparatus

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

“voltage phase, etc. output by the inverter main circuit 5 for driving the direct
current brushl_ess motor 6, and outputs the PWM signal for controlling ON /
OFTF of the switching devices 3 in the inverter main circuit 5.

[0086] |

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 Iu and Iv detected by the current
detector 7a and 7b, and the 3-phase to 2-phase converter 11 converts the phase
currents Iu, Iv, and Iw to currents Id and Iqin the d-q coordinate system. The
voltage command value calculator 12 calculates output voltage command

values Vd* and Vg* in the d-q coordinate system based on the currents Id and
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33 1q in the d-q coordinate system The output voltage vector cal culator 13
cal cul ates output voltage vector Vx* based on the output voltage comrand
val ues vd* and Vg* in the d-q coordinate system The PWM si gnal generator

0 cal culates 1genPiY alpeairaliive Qteit! | THE inkt ChRagd vhitfr waldutitopais

devices 3 bas rect currént voltage Vdc obtalned by the direct

ety 1 R oA RS, SRRl .

t he PWM si gna ng devi ces in nvert mal n

~circuit 5 are_tyrned, ON PEF by .t he P i gnal  Outspu e, P i.gnal
generator 9. B “’a’i’ﬁ‘vl(ﬁilv §n({ F%Bb%lg'tqicgﬂr afeh%s Wt C |eniév‘§\)eivslti tal st lgartlgp

el ectric power_ i uppl j e m t i nver.t.er i Lredit 5 to the direct
current br ushlgﬁic“iﬁﬁeérti‘%%\ﬁéﬂﬁ%l%ﬂF%E?ﬁ%ﬁ fﬁﬁb@} ﬁgﬁﬁe t‘iEPd’P% CBCPY
driven. [0088] = Based on the output voltage ve,ctgr Vx ofptai ned by the

out put vol t ags basedosra direelguarent migaga\@g@aﬂb&amrs \by+the direct ﬁﬂrr@9¥ﬂ age
vol tage vector Vx is obtained by the output voltage error detector 17,
then the scal aetdctord4 andthe dutpotivelbage vestard@e, and vutpuigthe PWMsienadd wit h
the step-out detection level V_Error_Level. Wen the scalar I Vx* | of the
out put vol tage vect[@08Vk* is bel ow the step-out detection |evel

V Error _Level, it is judged as the step-out. Wen the scalar | Wx* | of
the output voltage Vheswitchide dévicos@rdihegnivbtesingjn alrtuil & @xet tuened ONe/
V_Error_Level, it is judged that the normal synchronous operation is

performed. [ OGS byAhe PWRBSighaPéutpat BF the PWiEsinilpktineyalok 3g€ By 100N ¥ f |

Vx* | is below the step-out detection level V Error Level, the step-out

detector 18 | y$¥@pasatidhCof 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.

[0088]

Based on the output voltage vector Vx obtaixlled 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 .synchronous operation is
performed. |

[0089]

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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34 step-out, and outputs an abnormal stop signal to the PWM signal
generator 9. \Wen the PWM signal generator 9 receives the abnornmal stop
signal, the PWM signal generator 9 outputs a signal for turning off all

t he switching V] | ' I |+ i | | me,
operation of tsﬁ% P%%‘rntﬁ edrlRp %Eg% %W@?ﬁag sl“?%?%%pﬁe)gﬂb ?’M@E“g\%"ﬁ?ﬁ@r 9.

st ep-out can detec + 0090 Wth referepce it o _Fi - e of a
flowin det ecmﬁn %ﬁ%ﬁmﬁiﬂf? gL???alg?ﬁt;boEﬁcﬁlgﬁ? ?@no&‘ﬁggoﬁe%é&!i g‘.%%ows
a flow chart of detecti he, step-;ou In Fig. rocessi.ng .STP1 of.
starting to det ﬁeﬂﬁr”gg% optRuts aﬁ@é’g&ﬁ%ﬁn@%ﬁ@%ﬁ‘%‘fmg&emﬁs gb‘?put
vol t age vector, processing STP14 of detecting a scal ar of t?e ouf put

vol tage vect orthepinyertesmainsemenit . Afnthe isage fime qnezation of Jbe MyeBer| on
| evel , processing STP7 of stopping by the PWM processing STP8 of

term nating i reontnederglis é@lmeg-i o, thaswaprthe step-ent @M dgtectedr ni nating in
normal condition are illustrated. [0091] |In processing STPl1, the

processi ngs for det §@090hg the step-out are started. In processing STP 13
of detecting the output vector, an output voltage vector Vx* obtai ned by
t he out put vol t age With ecfeeedceutb Figrs, ha éxantdé ef h dldw inndetpétigetisd stgpouf 14
of detecting a scalar of the output vector, a scalar | Vx* | of the output

vol t age vect orinVEinbdaieited is explafiedsimig, STdhbks & % ahafdef ﬂé\;ecﬁﬂﬁ(tBSSi ng
STP15 of conparing with the step-out level, the scalar I Vx* | of the

out put vol tagestgli.%ar 5 FigMer Sdciistdl (91915 bERtRAMIng BY detdetFEEO stéryed, - ! f

Il Wx* | < Vrror Level, It I's judged as the step-out, and the processing
goes to proc L ST f ¥ rwobhtnrel Srl he
nor mal _synch?%l?l%us g?ggégﬁhie%&ggkftg?% ) ta\hogé’%%]ﬁevegfrog,cég& ng gg?q%ootf
processi ng

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

[0091]

In processing STP1, the processings for detecting the step-out are
started. In processing 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-out 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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35 STP9. [0092] When it is judged as the step-out in processing STP6, the
PWM si‘gnals indicating all the switching devices 3 to stop are output by
the PWM signal generator 9 in processing STP7, and further the operation
of the invertgrpgcontroller is stopped. In processing STP8 of termnating
I n abnormal condition, the detection of the step-out is termnated in
abnormal condition to the step-out. In processing STP9 of term nating
in normal conditio e processings of detecting the step-out are

term nated in nor | en the di | ess
nmotor is driven, W Igﬁgu %‘?ﬁ%d\f{ﬁq?' 5£3p? lﬂé{roﬁﬁaﬁ?ﬁ%bc%f*

synchr onous ration synghronoys peratlon can n nalntalned
and the step- ﬁﬁl ?]'ltﬂ @gté’ﬁﬁ’rgeﬁe‘flﬁeﬁ 0583’31”51 %u@b‘tg’é't Ssﬂ’ftﬂé-out
by nonitoring the out voltage |evel. It ossible to detect the step-out
by the oper at grator & dn Arogesspig=STBd) rﬁl\‘ilﬂtf“zE herTthe eperntion|of\thre invetterhe
out put voltage vector changes according to an operation condition.
Ther ef ore, t heondralleroist sthwpedt | dn puocebsivg ETP8r of dewhinatinghtin t abixermedt
according to the operation condition. [0094] As stated, the step-out in

t he direct cusonditiorhthe detestionrof the step-det mdbmminabed dEabmiranJ corditioh dwer ence
in the scalar I Vx* | of the output voltage vector between the nornal

synchronous otcthat step-oatd Inhproséssing STPY Tdfaethitiaingt fhen 015k AlcoRditicia thBe
detected according to this nethod nore accurately than the nethod for

det ecti ng t hepmessistof HRasRUNnethb BEepORS did té1diin adBintn afd cthdidioh® the

related art.
[0093]

When the direct current brushless motor is driven, if the output voltage
is not enough to maintain the s&nchronous 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.

[0094]

As stated, the step-out in the direct current brushless motor is detected
by detecting the difference in the scalar | Vx*| of the output voltage vector
between the normal synchronous 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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36 [0095] Since the variable used for calculating the output voltage
-command values in the inverter controller 8 is used, a nechanism e.g.,

i nduced voltage estimator, etc. is not necessary. Hence, the processing
for detecting the gjogs] out can be sinplified. [0096] In Enmbodinent 1 and
Enbodi nent 2 of this invention, the direct current brushless notor is
given as an exanpl g; {he I foQlati )gl—m/éeg 1ol ah&se to
say that a simlar le!ﬁ.'ffeect ‘(’:anﬂgg Lfgjggltflﬁrzggl El;/atll? i ng a%#ot‘;oor a?a%: as&g

per manent na S: r t r.qn [ tapc I

swi tched rel uc ‘étensc%ln%tlglpgﬂ%%Y Jueﬁs%{c%’(r:rtgsre gsgcﬁecg?lﬁ%/sgg ‘0 .E.aﬁ}défc%ﬁgg}tgggr and
an air conditigner, can he given as e I of an .a ratus.in i ch the
appar at us foresgé'}aée > ey 18 Hg DEESS It ﬁi%ﬂpq,ﬁﬁ,e ?§?f‘€ﬁ%§g€i§8ﬁtﬁfﬂ?gﬁi§€8 Tng to
this invention is packa . .By . packagi ng the apparatus for detecting the
step-out in t%céﬁﬁ‘ﬁrsé@ggge@ri ve, it is possible to solve the problens

ari sing when the step-out continues, e.g., a noise of the conpressor, a
darmage in a coolin ‘& e due to vibrations of the conpressor,
demagneti zati on of the magigft used for the rotor of the notor, and a
damage in a seni cofu@mbpdimentehtanst Emisodiment 2e0of shisainventionyshe dlizeet

I ncrease in the current. Accordingly, a reliable refrigerator and a

reliabl e air curpenti brushless anotobds rgiedn aschn pRdffle ofAtHeasymelironous motonf t he
refrigerator and the air conditioner can be given as exanples of an

appar at us i n Hewever] iteis ajeedless 66 say thaied @il ai0effdee can be realized by using a

motor such as a permanent magnet synchronous motor, synchronous
reluctance motor, and switched reluctance motor.

[0097]

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 derﬁent of the inverter apparatus due to an
increase in the current. Accordingly, a reliable refrigerator and a reliable air
conditioner can be realized.

[0098]

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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37 step-out in the synchronous notor according to this invention is
.packaged. By packaging the apparatus for detecting the step-out in the fan
notor drive, it is possible to solve the problem e.g., a noise of the fan

motor, Vi br at 8hHulin Eﬁlﬁsﬁn%ﬁroﬂ&%%otoﬁ&&%ﬂﬂﬁ& b ik %’i‘véﬁfuoh%pﬁa&[g%ﬁ UB?d for

t he rotor of the notor, and a danmge In a sem conductor el enment” of t

LT DB o LA S e 05

0099
oo e by ek B,
RUCICH b TR A S AT VETR ML T .

by the current detector into an exciting current conmponent (d axis
current) and Sapage i %Lﬁepﬁﬁﬂndéwﬁ?oﬂ]@men@q"fa@% pvgrhernappargius gduecton ani ng
current conponent detector for obtaining alternating current conponents of
d-g axes currinereaselinathecenrpgntt anising hewthi stepoutcontinues., Accdrdiaglyt @p- out
detector for detecting a step-out by conparing at |east one of alternating
current conporsdiabie refrigimtoe apdia eelighle abntonditidrier zapbededlizedi ned st ep- out
| evel signal. Therefore, the step-out can be detected accurately in a
simplified configur[@@99in. Further, it is possible to prevent

demagneti zation of the magnet in the rotor or a damage in the sw tching

devices in the invest efppdFatdd €bF CAdtbetiite d Qst@p-olt) GIne &S SyhthriohBus Ubfi .
ari sing when the step-out state continues. Further, it 1s also possible to

prevent a noi §&opdiflg\th Bt inQBetieH ﬂdl@dessé/@&ﬁ'éﬁf‘aé’b%cﬁ?tf@f détebfhe S dBedht! he

step-out state cont | nues. [0100] The apparatus for detecting a step-out in

a synchronousg i 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 accurately in a
simplified configuration. Further, it is possible to prevent demagnetization of
the magnet in the rotor or a damage in the switching devices in the inverter
main circuit due to an increase in the current, arising when the step-out state
continues. Further, it is also possible to prevent a noise and vibrations of the
synchronous motor arising when the step-out state continues.

[0100]

The apparatus for detecting a step-out in a synchronous motor
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38 according to this invention includes a current detector for detecting a
~current supplied to the synchronous notor, a d-q coordinate converter for
converting a current signal obtained by the current detector into an

exciting cur r&&?rdﬂ?ﬁl’ﬂ)ﬁfi? Dhvdniiod ingludes Eedﬁtr}elﬁr&t@ct&gfo&l%t 4 upregponent
. an  a et

(q axis current ernating current conponent ector tor obtal ning
alternating curren onpanent s _of d-g axes .rents | -q
coordi nate cosrwgﬁfﬁilt? &éegg (g}or]}gtrpgtaﬂ&i—ﬂeqqﬁﬂﬁ.%ﬁ%ocggﬁ?}tg{lgoggcglgﬁ%ftﬁl%I? for
averaging the alternati qurrent conponentsg of the d-g axes.currents by
obt ai ni ng onecuarenin%wﬂ%w%eﬁm ﬁﬁe afnﬁaf%{’?? i?f@?%é&“%u@b%ﬁ'@]ﬁﬁam’é“ t he
alternating current conpaonents of the d-q axes currents obtai ned 8y t he
al ternating cmnonenthas ewrentadiaiorquearentaoppogant (4ds cerept)y an
detecting a step-out by conparing at |east one of the effective value and
t he averaged alteyopting cuirert gpmpprent| deteatori foy ebfaining abemasinghicyrmentt he
d-q axes currents obtained by the alternating current conponent averaging
unit with a proatpenents ofedtqsixep-cumtentevktairmdgbyathe d-thenoedimaée corverteregn out
can be detected accurately in a sinplified configuration. Further, since
the averaged alédriatingrotrtéintceohfponért acéraging anitefor @verapingtthe tdltegnatihg
step-out due to a fluctuation in a lord torque of the synchronous notor or .

a fluctuati Oftrkéhtocoriiondats 6Rtheb@ qPHRY VikeRMts Bﬁ rdbfgiining bné of RASETdRtiGet O
prevent the demagnetization of the nmagnet in the rotor of the synchronous

motor and  t hg,108 BRA%n! dveldiedisbiubé PRludRY thSsltbrhating éu@i"&fttcﬁﬁltpﬁﬁéﬁ‘ts‘iif reuit

due an increase in the current, arising when the step-out state continues.

CUr 0T ol (49 SPGB Bl Bl BB o

synchronous notor.” ari sing p-out state continu

éppar atus f Ora.lﬂf b %&a&)‘-tﬂ& tfetgc%&og H&te'c&ng aﬂ&qgﬁtw&%ﬁgﬂé 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 magmet 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.
[0101]

The apparatus for detecting a step-out in a synchronous motor
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39 according to this invention includes a current detector for detecting a
current supplied to the synchronous notor, a d-qg coordi nate converter for
converting a current signal obtained by the current detector into an
exciting current component (d axis current) and a torque current conponent

(g axis curr eqtcdrdifg t6 WhikaAvertid BICRITRS LahoshpddbctbP forChdtestidd hRGriont
di fference between the d-q axes currents obtained by the d-g axes

converter andggHRERRE iINebpchrBhoddRofbrla A} SordinateinVerter FY éRbrting a
difference alternating current conmponent detector for detecting
alternating c fg@%? I, t | b (S3e B
currents obt a%rgﬁmb)s/ e%ﬁ%&%t%i@? e‘%{gfrr]%gtr ?gfegﬁ ait}i(ﬁ), £lRane atg'éf)é%g‘?%e&t
detector for_detect]i a St ep-qut conparing.at | east e .of the
2l tor nat i ng_ cormaent (9 aBis Tubft tnd f soaT bR TompBRRhs ALSuE mitBo. «
currents obtained by.the current difference altgrnati current ,conponent
ot ector wi t rureen dftereon;chlsuTaos Sorsaicalayas aufifaco Burean i drtes
step-out can be. detected_ .accurately in a sinplified configuratjon.
Further, it i@rﬁmwgw@n@é hyr%ﬂﬂwcoa@ﬂﬁghepﬂfam%wwafw ofddecd-ai n
the rotor or the damage in the swtchi naq devices in the inverter main.
circuit due afxes & 2 punrpat differenne altarnating cument componentdesentorsfoxt e
continues. Further, it is also possible to prevent a' noise and vibrations
of the synchrdeteciingralternatingscurgentheomponents inptheudifference abouhtherdesaxes0102]
The apparatus for detecting the step-out in the synchronous notor
accordi ng to ¢drrentsvbeaihedbyche cuprent\dff@enec caleulayor] and el step-ong deteetor
step-out as only a particular frequency conponent is detected when
?l)t gg ]nati Ng CfolldBéctingOaREPERISbR comPetiag it dedstautie! dfethd- Altérnasing Wuirfuiits .

1 .

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 simp]ﬂied configuration. Further, it is possible to prevent the
demagnetization of the magnet in the rotor or the damage in the svvitching
devices in the inverter main circuit dué 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. | |

[0102]

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 particﬁlar frequency component is detected when alternating current
components are detected from the d-q axes currents.

[0103]
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40 The apparatus for detecting the step-out in the synchronous notor
according to this invention can inprove an accuracy in detecting the
step-out as the particular frequency conmponent is a frequency tw ce as
high as a frequency of a voltage output fromthe jnverter apparatus.
[0104] The appar afhe anparaimsciorideiecting the gtepraut; i the s¥pehawnews MOWRHt or
according to this invention can inprove an accuracy in detecting the
step-out as asedrgding tmthis duventionr cayuisnuyve enmsowracy iis debectingethevdteprout
alternating current conponents are detected fromthe difference about the
d- g axes currasnthe paiticiay fidymenppaompuserdtois defrequemncy twiee sdschighutasian t he
synchronous notor according to this invention can detect the step-out

Wi thout an i fkdgineg of 4 @BktagdGutbut fottteGvimed AFpdrands.t or que and the
direct current voltage as the step-out detection |evel conpared with the
aver aged val ue of gmqil ternating current conponent of the g axis current
I s approxi mately 200% of a rating current of the synchronous notor. [0106]

The apparatus for §gLeaigd forSidls &ig ﬁl&é‘ s@@oWW%QEQH&ﬁBbﬂé motor

according to this invention can detec e stép-out by ihcreasing

tarting wherfrEREE B T onm Ve Rl U BRI et BB YuF o
ynehr onous. TR AZEEBPRR B R SRR RO E R FURRALTREHDE SPBRt by
D B oot nere BoEacid B0t oS LB 8 £ alSEL IR Ve o1t

[0105]

The apparatus for detecting the step-out in the synchronous motor
accordjng. to this invgntion can detect the step-out without an influence from
thé ﬂuci;-uation 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.

[0106]

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. |

{0107]

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

operation without increasing or reducing a velocity of the synchronous motor

Al



41 when there is a possibility of an error in detecting the step-out by
t ncreasing or reducing the velocity of the synchronous notor. [0108] The
apparatus for detecting a step-out in a synchronous notor according to

this invention.nchudes a cunrent detector r .de tin rrent .

suppl i od to ¢ AHBUHERS T SnEHHiBE; of B S5t A BE ol WePing o ¢ or
cal cul ati ng out put, val t age .co nd val ues applied to the synchronous notor
based on a curP ?&‘ng%ﬁé&mgﬁ%@&m WH@“%%’PF‘EM detector, an out put

vol tage vector calculator for calculating an output voltage vector based
on the output vol t@g}@sbomrand val ues obtained by the output voltage
command cal cul ator, an output voltagée error detector for conparing a

scal ar of the out puThe¢oapparatus,dox cletedtingi medtepyouthan oat puchvenausgmotexct or
calculator with a step-out detection level, and a step-out detector for
detecting a staeperding trathisl imvensiondooludes a@urrens detectdrt far detkchingtdheumrenput
vol tage error detector. Therefore, the step-out can be detected accurately
in a sinplifi etpphed k@ thasyrhrodostieior, ar butiphit WoRagd bemindndr ca¥edatok Hor
demagneti zati on of the nagnet in the rotor of the synchronous notor and
the danege in chli@lstig 6ipud vER%EE BSminandR&TIEVASTIRGA tolfhle dyhthionbhs titod O an
increase in the current, arising when the step-out state continues.

Further, it ig,,3bé enapaﬂrbﬁmtﬁsigﬁ?lﬁmxﬁﬁu 1y R Geréfthctb bR an0 % 5%1!%&%\9,

synchronous notor arising en e step-out state contli nues.

vonti on | nol"oaas e fy el hife SKREHA A %‘é‘é‘ie?#f'%f%é?’#*en o' gk o
h h - B ' t ti
curr ont o1 gnaobes SReand ellsEE RbiebieL iy FREERhy BidhS T Blan P on

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 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 detected 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
synchronous motor ansmg when the step-out state continues.

[0109]

A method for detecting a step-out in a synchronous motor according to
i:his 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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42 component (d axis current) and a torque c
-current), alternating current conponent det
alternating current conponents of d-q axes
Coordinate COBUBILAD (@'aRf eurddith A% 9
step-out by conparing at [east ohe of
the d-q axes

alter

R o L e L

can be detected accuratgly in a sinplified
possible to pf ﬁgfﬁ%ﬁﬁ%?‘frf‘g%soqptwefi
damage. in the switching devices |n _the inverter
i ncrease in t#RAgteprawg Pt%‘r’llngisﬁ@%

Further, it is also possible to prevent a no

synchr onous naktemagingsichgrentc pompenenis pof the
nmet hod for detecting a step-out in a synchro

urrent conponent (Qq axis
ecting step for obtaining
currents obtained in d-q

ud ehifeht @Gmgpﬁée}}g @{aﬁgtcﬁffein@ﬂ a

nating c onponent s of
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main circuit, due an

dptecting astop-ouk bissomparingak leastane of

ise and vibrations of the
szt eaxpsnicnrneass olgaigd ighe

nous notor according to this

i nvent i on i nchltelmmtingr cvanéntoengmnient) deteefing step withc hiprgdetermineshstepsombpl i ed

to the synchronous notor, d-q coordinate con

verting step for converting a

current si gnalevebsignaled Thereforre; thd stédpioat tambe déteptedricouritelyinid simplifiedr r ent

conponent (d axis current) and a torque curr

ent conponent (g axis

current), alt gmfRirfgorUrF@ther ROPSERiblE Qb §irbieid theCdeni nctizhtioni dfGhe

alternating current conponents of d-q axes currents obtained in

coordi nate
for averaging the alternating current conpo

by obtai ni ng gne, Ureuft i 5 Thirdss

the alternating current conponent

al ternating cygg&%gggﬁﬂ@gﬂ% is"055 Bbdsifle $4 5

LI Rl

d-q

CRIAEARE i thSk6iBr anll(tBE WS inWhieCWitdhedP ABGicks BY Bhé Bivadte! €P

nents of the d-q axes currents

AW A IR0t oY Btfs. Of

axes currents ontained In

Pev%ﬂg adloidy At vﬂ%&&ié A%nat eP

for detecting a's
synchronous motor arising when the step-out state continues.

[0110]

The method for detecﬁng a step-out in a synchfonous motor according
to this invention includes current detecting step for detecting a current
supplied to the synchronous motor, d-q coordinate converﬁng step for
converting a current sig‘nél obtained .in 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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43 conparing at | east one of the effective value and the averaged absol ute
-value of the alternating current conponents of the d-q axes currents
obtained in alternating current component averaging step with a

predet er mi ”e@oﬁ?%@% leds@ b of it iffectiVé'PA1ab QA thé BPe1EBA absilufvRlRg of
detected accurately in a sinplified configuration. Further, since the

averaged val ‘tﬁé f&nifing ¢ engE&ﬁ bdlhts UE thel giqg axBs 5 "gbthid@dSheP- out
due to a fluctuatiron 1na lTord torque or a voltage can be prevented.
Further, it i ssible to prevent .th e tization in
the rotor or TiresaahesueRs BREVGHuARraRiR IRBeut & Bhethodrifod PG
circuit due to an.incr e L.n the current, .arj sing,when 1 he. step- tate
conti nues. Fh?‘f‘ﬁé}g:na?'t e'flgergfogg, tg6§§‘?pﬁ?‘bt°@8bﬁrd@g@ﬁ?d ACSREY Hhay s&%‘f‘fons
of the synchropous potor arising when the sjep-out state_.continuyes. [0111]
The method f SPREEHERHoNN g Fyrthegsipen theravers AR 956 M8 0T BRtEraRE A ¢ o
this invention includes current -detecting step for detecting a current
supplied to temeordpmietectingthe steroeut dnefosolivetnation in adons toraue ot @ yoktage
converting a current signal obtained in current detecting step into an
exciting curcaeive prevgusadnt Féxthen itsis possikletty prevenh thedepagnatizagion of Geponent
(g axis <current), current difference calculating step- for calculating a

difference hehgwetrintthe sbtop axdhe danagntia thiet swibdhdng nletticgs dnahdi inwérter
converting step and conmand val ues of the d-q axes currents, current

di fference alhgimndfduiidudty &€ McreAHIarthecufithe dridigs Wien thelstehbat sabe
alternating current conponents in the difference about the d -g axes

o 2 o0t Sl BURS  eY AR M ISR RS Y|
LT, AR AR i S a0 00 aves

[0111]

The method for detecting a step-out in a synchronous motor according
to this invention ipcludes 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 copvérting step and
command values of the d-q axes currents, current difference alternating
currentf component detecting step for obtaining alternating current
components in the difference about the (i-q axes currents obtained in current
difference calculating step, and step-out detecting step for detecting a step-out

by cdmpan‘ng at least one of the alternating current components in the

difference about the d-q axes currents obtained in cwurrent difference
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44 alternating current conponent detecting step with a predeterm ned
step-out level signal. Therefore, the step-out can be detected accurately
ina sinplified configuration. Further, it is possible to prevent the
demagneti zatiop of fhe nmagnet in the. rotor or the damage in . the sw tching
devices in th thPé’r"tge?“‘i’r'g‘PthfPP%ﬁntt detroting step iwith @-predetermined ghepcout
arising when the step-out state continues. Further, it is also possible to
prevent a noleyel signplyi brEhereforeotthe retep-put itannbesdetected acquzatedy vimem t he
step-out state continues. [0112] The nethod for detecting the step-out in
t he synchr onosimplifiet coxftgmrdting. t o Fhither, nviéntis orpossibld nmpo opeeventacther acy
I n detecting the step-out as only a particular frequency conponent is

det ect ed whendeainbgnetizatip ofitheeniagnebin the Bétor af ¢he aladtdgedin’ tlgunsivitehihed
axes currents. [0113] The nethod for detecting the step-out in the

synchronous néévices BCEHY Bivetet Mdifii circutVaTY f004h GRfedddHROHR RrafAC HEigkyg | N
detecting the step-out as the particular frequency conponent is a

: i \ ¢
requency tw GheaSthidi %E%%]ﬁt atath’ RAHAREY qful?:éi? i R981sH E)tggési%leepfogg%é\{aﬁt &

i nverter apparatus. | The nethod for detecting t

synchronous MRLRE andGRBFidg oF 311% Q@h&%ﬁ%ﬁg&?}c gﬁ@:ﬂﬁ[@ﬁg’ﬁ Ehé Qe E&ﬂ;&&% In

detecting the step-out as on guericy compone

det ect ed mhencgkhﬁggating current conponents are detected fromthe

di fference of e d-¢ axes currents. [0115] In the nethod for detecting
t he step-out in'thﬁoi%ﬂchronous-nntor

The method for detecting the step-out in the synchronous motor
according to this invention can improve an accuracy in detecting the step-out
asonly a pafticular frequency component is detected when alternating current
components are detected from the d-q axes currents. |

[0113]

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.

[0114]

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 é particular frequency component is detected when alternating current
components are detected from the difference of the d-q axes currents.

[0115]

In the method for detecting the step-out in the synchronous motor
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45 according to this invention, the step-out can be al ways detected w thout
an influence fromthe fluctuation in the |oad torque and the direct
current voltage as the step out detection |evel conpared with the averaged

XSL‘EEX?LBE EF{%' ﬁ‘;% Y‘t‘.‘ngﬂéu??%%@%‘&tﬁ b R B Btk pn
I
accor i ng o PHRETER R PeciRader By Mlond iirie Sl el obFeel wliagsut an

i nfluence fromt 1e fluctuagion, in thf | oad t rque nd the djrect current
voltage as t@® tBecyieniut; detertion: levg qunqg? gvaraged valwe of thgchi ng
a velocity of a normal operation i nmedi ately after starting when it is
difficult to akemeatingraurentsgmponent ofithe qaxismrventds apyroximatealy 200%0f 27

In the nmethod for detecting the step-out in the synchronous notor

accordi ng to rating ¢mvent ofd &sm@mnwmﬂton s detected by performng a
detection operation wthout increasing or reducing a velocity of the
synchronous notor [0bH] there is a possibility of an error in detecting the
step-out by increasing or reducing the velocity of the synchronous notor.
[0118] The net hod Ihothedaiethéd Hier detetBiig Qb dt8p-dub N heOfHERTdHYuR" motor
according to this invention includes current detecting step for detecting

a current supibirdfg!td (hi€ iSoentioh O BRe! st u&rcanOHé M'&va&’&l&&t%gféucmmﬁﬁ an

cal cul ating step for cal cul ating output vol tage comman es applied to

the synchronoyfiyepd ﬁronpﬁﬁeﬂu&ﬂaﬁoﬁiﬂ ﬂf‘erlt) Laﬁﬁttﬁb Qﬁgct Surfe ﬁﬂé ge
D culatrng an

detecting step, output = voltage vector caf |ng step Tfor ca
out put | vol t aggs MGFLRp-diRSE etected by increasing a veloclty 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. |

[0117]

In the method for detecting- the step-out in the synchronous motor
according to this invention, the step-out 1s 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 tlte step-out by increasing or
reducing the velocity of the synchronous motor.

[0118]

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

voltage vector calculating step for calculating an output voltage vector based
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46 on the output voltage command val ues obtained in output voltage command
calculating step, output voltage error detecting step for conparing a
scalar of the output voltage vector obtained in output voltage vector

calculating s ' - ection,l evel,. and siep:out detecting
step for det eélt?ﬁlﬁawgw‘é?ve@%t &%Igggagﬁi‘éesc@ﬁ%ﬁfi%noﬁggt I"Flt%ei gommand,

out put vol tage  ery.or etectin ep. Therefore, the step-out can be

det ect ed accuf%}[:'é]lra\%'ﬁgrﬁqu’ %tﬂﬂg?"?ﬁ&%& TP feferting step fer comparnga *"@P?}'o%fsi bl e
to prevent th denma n&ii zation of the magnet in the rotor and the damage
'n the. swi t chPify O YALtagR vacHe Thigineddn PP Jokage veetor salcolasing siephe

current, arising when the step-out state continues. Further, it is also

possible to p At Stap9ut steteghton lavil, amidostep wiut t desecting: stepnfonsdetedting a
ari sing when the steﬁ-out state continues. [0119] A drive of a closed
conpr essor acéepdivigbased: ohsai consparisom, regulp abksigedgin bheputppeltagel erfder
detecting the step-out in the synchronous notor of Clains 1 - 10 can sol ve
the problem detgcting step.se Thierdfore, CthioDsRpsUt, car BaNdeRciod acciRatdlptn Ri Pe
due to vibrations of the conpressor, demagnetization of the nmagnet used

for the rotorsiniplified Medrfigurationa daF@Ber,N i SEMPLRGENCt & ProvERAL tﬁ.fe the
I nverter apparatus due to an increase in the current, arising when the

step-out  CONgéMuHeSetiARRA & mlﬂag@etriﬁ'dh@%ﬁ)éraﬁid i}&e&%%e ﬂ%@s&;ﬁkﬂjﬁ e
| Adr n no

air conditioner can be realized. [0120 Ive of a or accofdi ng

to this invengg : %@m aﬁﬂﬁ% 93%%50 i { he .st ep- out
in the synchrg%‘ggessﬁow%lgr 0 é}gl ns e@ @%eé%eéng Ve eélttnggg]&lgmrhe&tg{e’ a
noi se of the étgﬂfdgi?ts?%te ¢ egoﬁhg&ﬁ%[iggs: afdhiossible to gesRane h4al oy of

t he magnet use e rotor of
vibrations of the synchronous motor arising when the step-out state continues.

‘[0119]

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, demaénetization of the magnet used
for the rotor of the motor, and a damage in a semiconductor element of the
inverter apparatus due tc; an increase in the current, arising when the step-out
continues. Accordingly, a reliable refrigerator and a reliable air conditioner
can be realized.

[0120]

A drive of a fan motor according to this invention, by packaging the
gpparatus 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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47 a damage in a sem conductor elenent of the inverter apparatus due to an
increase in the current arising when the step-out continues. Accordingly, a
reliable refrigerator and a reliable air conditioner can be realized.
Havi ng thus desdambge it ey sémicoRanétof Wéthet O RIVeste? T apa@atudV &0 it0im
various alterations, nodifications, and i nprovenents wi Il readily occur to
t hose skill edjy ; terali i flcatl a [W:eols ment s
are intended %ﬁg?&ﬁgﬁfﬁ%gﬁtﬁ ﬁflﬁs Eﬁ%@ﬁg&g@e% éldrte&it‘lh]?@%%edn& (9&@%@3)&}’% in
the spirit ang; Qﬁr&f ' L oN. .di ngl t he §.orggoi ng
description i ggll)a;?/mg\%ay 8@@53%%@%% y aéfrbl\g&lﬁg?rpe%%&)e&ﬁ?{}z%fg defined in
the foll owi ng clai and ..t he equyi valents thereto. 48.,......
T T O3 TR g Gepiibed Seviral pastepian cmbodiingpisiaf thi tiventigy.
apparatus for _det ectipgﬁ ste % i.n a sy({;(_:hronous notor. in an inverter
appar at us f or VAPPYS Ajtera %n%y'ﬁe AERS: n¥ b Amprevesants syilly readilyo sequrote ng
sensor for detecti a position of a rotor conprising: a current detector
for detectingtBose o 1o the jark g Susht sltergtinan modifications, and improyements
coordi nate converter for converting a current signal obtained by the
current det ec@®e intended o brataxt of) thigrdisclesurenpuhare inteénded $o barwithin) thend a
torque current conponent (g axis current); an alternating current conponent
detector for ebirHiaridsrope ofthebivegtionur Aevordinglyp tinefiregodie destripthn sy ent s
obtai ned by the d-q coordinate

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

the equivalents thereto.
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converter; and a step-out detector for detecting a step-out by .conparing.at

| east one of alternating current conponents of the d-q .t h
a predeterm ned step-out |level signal. 2. An apparatus mmmn&gﬁﬂﬁlﬂw
step-out in a synchronous notor in an inverter apparatus=TO

synchr onous nbthat isckaimed isasi ng a  positioning sensor for detecting a

position of a rotor conprising: a current detector for detecting a current

supplied to the syrichémnapgaratms for detecting aGAes-Sutidl £sPRAYERcUR mbRE in an
converting a current signal obtained by the current detector into an

exci ting curraverenappaatud FoRxdhviag! e tsyndifdndus t Mbihe watHdu Nhisingmgonent
(g axis current); an alternating current conponent detector for obtaining

I'ternat | , ined by the d-
al ternating 4gé5iﬁ6ﬁiﬁlgifs‘éﬂ&ﬁ%f'ﬁéte@ﬁn9 ahoditih &%{{oﬁdﬁhﬁ%@ﬁﬁ ed by the d-q

coordi nat e RN Py T T converter; an

al ternating currentaﬁgg‘%gp LAG: Unjt veragi t he | t ernating
current conponents of the g&%dg’;(gé@%?%ﬁé °Biy”‘%%‘& gﬁﬁﬁ‘%&g e%ﬁncgﬁonous

ef fective val &[% &nd an averaged absolute value of the alternating current
conponent s of ﬁe’d-q axes currents obtained by the alternating current

conmponent detector; gnd a step-out detector for detecting,a step-out- by
conparing at | east 30&'@ ‘Eﬂor&f‘ﬁge EAVETHer JOr CARVEENIng, g cugEeny t%gélbﬁte

val ue of the glternati % current conponents of the d-g axes currents
obt ai ned by t ta}rg@}t,fgq peHET Wp @Brgxciting current component (d axis current) and a

torque current component (q axis current);

an alternating current .componenti; detector for obtaining alterné.ting
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 (g axis current);

an alternating current component detector for obtaining alternating

current components of d-q axes currents obtained by the d-q coordinate
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conponent averaging unit with a predeterni ned step out level signal. 3. An
-apparatus for detecting a step H Il HIIM“MOUS notor in an inverter
apparatus for driving the synch out using a positioning
sensor for dedonebitsg a position of a rot or conprising: a current detector
for detecting a current supplied to the synchronous notor; a d- q

coordi nate convert gh ARErnBRMECEIBSt Bopoidit! avtrgial WEt %f‘%%
current detector into an ex0|t|ng current conponent (d axis curren ) and a

torque currenhy &ngﬁg%ﬁireﬂfﬂc tween tﬂ{e)d- aax%HEﬁﬁ@hts%J &?c%ﬁﬁ%? ofidlo Pﬂ%at or

for calculati ng a ference d- G axes curren alned by the

d-g axes conv val So GES a_current
di fference al ern ?}r%g‘“‘g rHr&agg ﬁgg‘ﬁieﬁ%so&‘é&eggnﬂ% &(;?h rhﬂ.rs%current
alternating current s in the di ence bot t he d-q axes
currents obt af9 H&Pnﬁ?g% HE%B ﬁign?xecﬁ fyeee 8 @éﬁ‘%du e aﬁt‘fﬁ“aﬂ%ﬂ

detector for detecting a step-out by conparing at Ieast one of 50 the

al ternating cSAIROpent 8 ‘P—%‘fln the difference about the d-qg axes
currents obtained by the current difference alternating current conponent
detector with a pr&dderrht delgctor for datecting/ pteprgridly. comparing afdpastamesff or
detecting the step-out in the synchronous nmotor of Clains 1 and 2, wherein
only a parti cihessflective walieyamb throaaraged absolwtetvadiue ofthe alteroatingicogrendr r ent
conponents are detected fromthe d-q axes currents. 5. The apparatus for
det ecti ng t hecomiprmentd of nthehé-qs yreshcarrents wbtaimed by tHeaiabtefnatidig rotirrenthe
particul ar frequency conponent is a frequency twice as high as a frequency
of a voltage eumigusient aosaighey it &ritles paedueniined 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 synchronoue
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
torgue current component (g axts 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 curreﬁts;

a current difference alternating current component detector for
detecting alternating current components 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 comparing at least one of
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6. The apparatus for detecting the step-out in the synchronous notor of
Claim3, wherein only a particular frequency conponent is detected when
alternating current conponents are detected fromthe difference about the
d-q axes cuthemltermagtingheurzeniacempendnds igethe differenpe aboup-thet diay axese
synchronous notor of Claim2, wherein the step-out detection |evel
conpar ed wi t kutitebtsebtaaged byvthaiesrreit ifferehte altatnating enrrent compooeehit of
the q axis current is approxinmately 200% of a rating current of the
synchronous meteztor With Bysredpieamiietbstepiout bével signgl.t he step-out in the
synchronous notor of Clainms 1 - 3, wherein the step-out is detected by

i ncreasing a vel ocit yThé hppara®as furibtéstind theistep-eut B e SFRAChARRLS mdtbr

i Mmedi ately after starting when it is difficult to detect the step-out

during a | owg yehgnid yahatza}g#@} 9on1;'131_ep%ma}£tﬁ‘§qde%y Q%ggﬁ&ﬁgs_td&eﬁé&p- out

\ ein
i n the synchronous notor Clalnms rern the step-out is detected

there is a polbrpupioHRR ke by oe ShieblR AHTRE AP HR o000
I

there is a possi _ an error ng the s Y 1T hcrfeasi ng
or reducing the veLoci of the synchronous | L1111i. Halll 1011 11111 |1

VST L M s ot of T abatie R ARk e srensavdin P vatShanghs oted,
synchr onous r.,in I nverter apparatus for driving the synchraonous -
mot or Wit hout@@%‘l'aw %ﬁﬁ?ﬁﬂrﬁ’@g@’ér@%ﬂ“epﬁ copapnant agfeﬁagﬁl‘m JAC)HRS a
rotor conprising: a current detector for detecting a current supplied to

t he synchr ondigh agaifspquenqy ot Foktagerutnybieaniheinverier appargtus. or

cal cul ating output voltage comand val ues applied to the synchronous notor
based on a current 6si §helapparatus 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 mofor
of Claims 1 - 8, wherein the step-out is detected by increasing a velocity till
reachiﬁg a velocity of a normal operation immediately after starting when it is
difficult to detect the step-out during a low velocity rotation.

9. The apparatus for detecting the step-out in the synchronous motor
of Claims 1 - 3, wherein the step-out is detected without increasing or reducing
a velocity of the synchronous motor when there is a possibility of an error in

detecting the step-out by increasing or reducing the velocity of the synchronous
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obt ai ned by t-he current detector; an output voltage vector cal cul ator-for—-—-
.cal cul ating an output voltage vector based on the output "l

val ues obtained by the output voltage conmand cal cul ator;”’lllﬁmlu)mmrm"l
vol tage errorgdetector for conparing a scalar of the output™ vbltlage" vect er
obt ai-ned by trﬁe out put voltage vector calculator with a step-out detection

| evel ; and a step-qQyt detector, f el ecting .a step-out sed on .
conpari son result?gbtgf‘rf’é’a)awt“ts&rgrgﬁ{eﬁ gﬁﬁt@g—&gf@pp ’foé)c?PBrI{l&ﬁ.mA
met hod. for detecting a step-ouyt i.n. a synchronous notor, in an inverter
Appar at us f o RVAHEY FRRATBHIR ffto BT RS SYRFARBERS JRtAE THEhs ERENE ng
sensor for detecting a position of a rotor conprising: current detecting
step for det ROSIHANIAE gensorder datppiinea Pewition of a 39tex RPBRBISING Ot or ;. d- g
coordi nate converting step for converting a current signal obtained in
current detecting gtawgrenitdetegtorforidetentinga parrent suppliednto the syxnckronons ent )
and a torque current conponent (q axis current); 52 alternating current

conponent detmotorng step for obtaining alternating current conponents of
d-g axes currents obtained in d-q coordinate converting step; and step-out

detecting step for adejutput Rgliags canmand dlculatopdor ealcalatimpashtput veltage
alternating current conponents of the d-q axes currents obtained in

al ternating cdehiifhd &ardes ¥plicd &b Qhb isPAcHoRPudMiobordh d¥ea ARt & cilreal sidfl- out
level signal. 12. A nethod for detecting a step-out in a synchronous notor
In an obtained by the current detector;
an output voltage vector calculator for calculating an output voltage
vector based on the output voltage command value_s obtained by the output
voltage command calculator;
an output voltage error detector for comparing a scalar of the output
Yoltage 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-compari.éon
result obtained by the output voltage error deteétor.
11. A method for detecﬁng a step-out in a synchronous motor in an
inverter apparatus for driving the synchronous motor x;vithout 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 curfent detecting step into an exciting current component (d axis current)

and a torque current component (q axis current);
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i nverter appafatus for driving the synchronous notor w thout using a
posi tioning sensor for detecting a position of a rotor conprising: current
detecting step for detecting a current supplied to the synchronous notor;

d-q coordinate cony@felhdiinsb@RerPéontiineat HbtaatiAe Stép BRbbRNRG alfhatiigd 1 n
current detecting step into an exciting current conponent (d axis current)

d i ) ' .
component dot SO FoufRRRRCSE d:h o bier el Blaibod h o4 B B Wbl itine

d-q axes cur r%n S O(Pt ained in d-q coordinate converting step; alternating
current conpo 8-’tanaveragi ng step for averaging the alternating current
conponents of the d-q axe§g currents py taj ning, one of an effective val ue
and an averaged abSHFRIPW %{pggn%pteph@¥£oe?g:ﬂqgtq bepé?}’rt(r)@hfmml’,’%’ﬁ%ﬁéﬂ?%“of
the d-q axes cur gfgi}g obtained in alternati n% current conponent detecting
step; and st efR® mating, gureny, copporrte Of ithy diaaxep-yyrenty obtaipad iRg at

| east one of the effective value and the averaged absol ute value of the

al ternati ng Salt¢miaginig| qurrentjcomponent detecting ¢tep @ith B 1Fedetermined stepervdnt s
of the d-gq axes currents obtained in alternating current conponent

aver agi ng st elevel sigmal. pr edet ermi ned step-out level signal. 13. A nethod for
detecting a step-out in a synchronous notor in an inverter apparatus for
driving the synchr d2us metled fort dededtingsa seeproutdins a isynchrogots asodér ir0an

detecting a position of a rotor conprising: current detecting step for
detecting a Ciivepet apparat@dl fbP drivingSING yadénoi®tMbtor 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 cul;rent);
alternating current component detecting step for obtaining alternating
| current components of d-q axes currents obtainéd 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 comparing at least

one of the effective value and the averaged absolute value of the alternating
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d-qg coordi nate converting step for converting a current signal obtained in
scurrent detecting step into an exciting current conponent (d axis current)
and a torque current conponent (q axis current); current difference
cal cul ati ng stueperftaommnentsatf thy d-qdafesamerants bbtained in talteroating cesrent
currents obtained in d -gq coordi nate converting step and command val ues of
the d-qg axes wiipo@Bhtaverdingbtes withed predetarulined stepraitduvel efinat onponent
detecting step for obtaining alternating current conponents in the
difference about thg dAGMENRY fof defdfing @th%lwsmw&uﬁﬂoi@ﬁnw
cal cul ating step; and step-out detecting step for detecting a step-out by
conparing at ; t I.N n | :
ﬁ@@ﬁt&%eﬁ{}%} quus o Eﬂﬂﬁﬁ%aﬁﬂe ¥ﬁéﬂr5)g6ﬁs GRoYeP gﬂ; nuglﬂﬁcg

d:fferenpe about axes currents obtained In current _fe&e
Mevel o1 gna DeEiOting SERARAN derPRECA bPHDh BRe Yolol SBulERHEE DL T 000 BLOR o'

s Getect ed when AFRBR o 15EeE FBR f2s ARLRERES o G rtRRtc AHBRLH) ofh URE - o

axes currents. . The nethod for detecting the step-out in the synchronous
mot or of O AYRCHYPRORAMAUPY; t he particul ar frequency conponent is a
frequency twice as _t IILITLETTERTieltErtalt bt 54 high as a frequency

of a voltage out pud-q eenxdingte connmerting stapfar gonperting a cryeentesignal obgpined
detecting the step-out in the synchronous notor of Caim13, wherein only
a particul ar iforaguentcdetecting steptinke au exeitingocunnent comnpanent (d merscenmrent)
conponents are detected fromthe difference of the d-q axes currents. 17.
The net hod f candla texiecyrient canpmentt(qiaxist dwerentfichr onous motor of Caim
12, wherein the step-out detection |evel conpared with at |east one of
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.
14. The method for detecting the step-out in the synchronous motor of
Claims 11 and 12, wherein only a particular frequency component is detected
when alternating current components are detected from the d-q axes currents.

15. The method for detecting the step-out in the synchronous motor of

Claim 14, wherein the particular frequency component is a frequency twice as
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the effective value and the averaged absolute value of the alternating
current conponents of the g axis current is approximately 200% of a rating
current of the synchronous notor. 18. The nethod for detecting the

step-out int ' - rein the step-out
I's detected br}ﬁ %l?%?ga%éﬁﬁ%ﬂ% %‘%g{;:lltgée ?u%ﬁ{%@;%%ilﬁ%&ge%epoagf ‘i/s' of a nor nal
operation i medi ate ter st i enJjt js Lfficult,to detect the
step-out during a Ih% v %Eﬁ%ﬁ%{ﬁ??e\é\ﬂ?gfg? StPR mﬁswr?}&“@a‘?tﬂﬁoghe
step-out int synchrqnous notor of | aiml1ll - 13, wherein_the step-out
i's detected w’r}ﬁﬂ’éﬁtl%i’ ey pRIYoR maztieR'an dreqyeney semponent isrdetestad ihthbus
not or when there is_a possibility of an error_in detecting the step-out by

i ncreasi ng or alleamatingcurenteonepineptoaretdesectodiramothe diffevence of theod-qaxest hod
for detecting a step-out in a synchronous notor in an inverter apparatus
for driving tlereeptshr onous notor without using a positioning sensor for
detecting a position of a rotor conprising: current - detecting step for

detecting a current13.ufbhe athal fobdetettingthe stepsoutih the syichpotiouwsahbotag of
command cal cul ating step for cal cul ati ng output voltage 55 .

FETTTETT 11111 Cleim 1112] Whekéih! thestes-060 deteat o déved sompRtdE dithOat st one of
synchronous notor based on a current signal obtained in current detecting

step; output \RbEABGINOFAIAE o0dl thiel el dledSRBLULO vakR! dTtha bl fagn atin ® Yhiteht
vol tage vector based on the output voltage comrand val ues obtained in

UL L SonRURURCCT8 4 SeS ol LI305e il VRS r

the synchronous motor.

18. The method for detecting the step-out in the synchronous motor of
Claims 11 - 13, wherein the step-out is detected by increasing a velocity till

- reaching a velocity of a normal operation immediateiy 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
Claim 11 - 13, wherein the step-out is detected without increasing or reducing
a velocity of the synchronous motor when thei'e is a possibility of an error in
detecting the step-out by increasing or reducing the velocity of the synchronous
motor.

20. 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 fo.;c detecting a position of a rotor comprising:

current detecting step for detecting a current supplied to the

synchronous motor;

output voltage command calculating step for calculating output voltage

s g



vol t age vector obtained in output voltage vector calculating step with a
step- out detection level; and step-out detecting step for detecting a
st ep-out based on a conparison result obtained in output voltage error

detecting st efpmmand AalifdsVappliedaothe $¢8cleofipis amdsr badedr i A duferdpigiat us
for detecting the step-out in the synchronous notor of Clains 1 - 10 is

packaged.  22htAinédiiM @uiken? dbfRtiiBlsfdp; Wherein the apparatus for detecting
the step-out in the synchronous m)tor ‘of ains 1- 10 is packaged. ~ M S x

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

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

step-out detecting step for detecting 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 Claims 1 - 10 1s packaged.

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

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

I
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