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PARAM3ER IDENnnCAnON OF AN INVERTER-FED INDUCTION MOTOR AT STANDSTILL 
W I T H A W O N M E I ”  

A. BLhltc. H. GrotStolh 

1 INTRODUCllON *ThcslandstilloftheIMrrrultstothencxtdcmad’Ihc1M~t 
not plodua a tonpc bmwie a kcking of the rotor Is udcslra- 
Me ls Well. 

caasldatng the costs. thesedempnds anproblcmslie. Apm from the 
calcull*lon from nBnr-plstbdpEp all ldentificalion schemes need 
mcasund values of phase currrms and pbnse voltage. Tk voltage at 
the most tests must be vcry smnli because at standsllii only the small 
~tatorre~lstanccrc~hictsthewr~ntatswy~tate.  
W l y  a Car(r0lled drive Is fit cut wlth a c ” 1  detectIan but nd 
with a phase voltage dcfccUon becsusc the ” l n g  Is dimcull and 
costly In view of the Invater. At bcst only a dcteaion of the ds. llnk 

Tbm means. that the phox voltage must bc estimated with the known 

trsnsistors duty cyds d: E .  If the real. phase current depcnaent 

phase voltage Is not accurmely known. ExacUy In case of small phapc 
voltage, the deviation is e~mywll and mustn’t be n c g i m  so, the 
ldcncificatlon is possibly disturbed. 
Thls Is the rcsson why nearly all IdcnUfication schemes need a “e- 

limes vay  costly phase voltage &teaion [51.[91. 
A posslbillty to avoid this cktc&on is to “c( the r e S ” c  v a l w  of 
the duty cycles In depcndury ofthe phase cunmta with an wmcurve 
141, [8]. Thls curve mu81 be detcnnimd for cvay new lavata becplse 
of the swltchlng times vsriacion of the transistors. 

In this papcr an off-line method will be prcscnted. whlcb fpcilitates the 
WficaUon of the clcctrlal paramclas with a minimum of scllsoly 
equipment, espedally a phase voltage W o n  Isn’t nuxmry. A 
measuring of the magnetization Curve will be praraued as well. 

voltage CM be pupFascd fa low a s t  drlvcs. 

value ofthe voltage source UD sod thercfanrc - of& invcr(cr 

switching behaviwr of thi irsnsistors Is taken Into vxyxlat the rcal 

2 THE MODEL OF THE INDUCIlON MACHINE AT 
STANDSTILL 
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1 Ldap Lh+Ldaa Ldap 

L d a p  LR + Ldaa ' d a p  

Ldap LS+LdfJ13 Ldap Lh+Ldpp 

Ldap Lh+Ldl?4 Lda@ LR+Ldpp 

The ioduclam arc defined as foliavs: 

(4) 

If d L h / d i s a  and d L h / d i s p  CXiSts this model can be l h d i z c d  in 
the operating point isa = Is, , iRa = IRo and uSa = Uso (1  1 I .  

If the Identification is carried out at a stdonary opmung pdnt of INS 
modcl it can bc pnsumcd thal IRo = 0 and U,, = RS Is,. Then the 
UnCarization leads IO (he model (6). if Lsa = LRa = La is valid s u p  
Piunet\lary. 

I I I  I 

L 2LDOL, + L i  2LDOLU + L i  1 L2LDoLa + LJ 

(7) is the cmcsponding trsnsfcr funaion. 

1 + jmb,  

a,+ jmol + (io) 2a2 
YUO) = 

(11)  pcmdts the estimaIion ofthe ppramelcrs with lincsr methods. A 

b,. aWa1 and a2. the calculation of the elecaical psramctcrs is no 
pmbkm. 
Thc available paramam U,, can be used IO adjust the operatinb point 
anamlng the saturation. In this way the CUM L (f ) can be mm- 

Lh (i,) =yEiDdip is known. 

qucncy ~csponse Test (SSFR) [lOl.[lZJ. 

nonlinear opllmization isn't necessary 1101. with thc hmvledge Of 

PleeiY wilh that, ulc "&on curve 

In case of us, = 0 this m(h0d is idalw with the ~md&lill Ere- 
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5 PROVING OF THE IDENTIFICATION SCHEhlE 

5.1 Slmulatlon 

Thc employed simulator was pmented in 161. It allorvl tk simulslim 
of a drive with invata. 'Ihc nnmt depending switching times and tk 
dbcontinuuscurcn(mo& ntaka~into saxunt.Tkrmdclof thc 
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Figurc 4 Amplitude and phase of Y UCO) and Yi UOi) 

IM is idmtical with (1) and SO 

51s e5cCls arc modelled. 
with thc help of thc slmulation thc following problems wcre examined: 

~Lln &XIS. iron losses arrd hystae- 

chda d Lhe vdtage mplltudc. lllcxc must be c o ” i s c d  about 
the voltage antplituaC. The linesrizatim of the modcl demands a small 
anplituae but thc puanuzpllon of the measured Cl(m0t is mxc uncriti- 
cal at lsrgc ampllhlaes. 
Good nsults can be achieved If thc magnitude of thc voltage is chosen 
that thc current amplitude is about 4.5 A. 
Compared with thc ratedcurrent this is anmormous v a h ~ ~ ,  and 80 thc 
quantization should be no handicap. 

Choke d the frequency range: The measured frequency range has an 
Influem on thc quality of thc cslimalion. If thc measured dues  arc 
emr free a wide range leads to a good estiWon. But low frequencics 
ina-case thc measuring time enormously and high frequencies arc 
qucstlonable in view of skin effects at the real drive. 
With the slmulatim a frequency range about 0.05 Hz <f< 25 Hz 
could be determined which allows a good cstimalim of the parameters. 
In this mge at 18 frequencies thc respmsc was measured but alowcr 
number is sutlicient. 

~~RUCIKY d Ule Adually ule m l a n t  ke of (12) isn’t an- 
slant when thc curruu aroplitude changes from frequency to frequency. 
An effect on thc esUmaUon couldn’t be found out. 
Furthmwre thc switching behaviour of thc Invater seems to be 
uncritical. 

Choke d the Musurlng time: DcpcnaCnt on thc period Ti .  thc 
“ r i n g  lime and thc waiting period with mpcu to thc transient 
phenomenon must be varkd. At low frequencics a measuring U m  
about two periods Is suffidcnt, but at highcr frequencies a “ r i n g  
time about a higher number of periods is necessary. 
Tdally, the measuring lime is about 5 minutes. 

Fig. 4 shows a frequency rcsponsc “rtd with thc simulation and 
ulenwes,calculotedwiththcparametasofTable1. 
The diffmnccs arc almost (.dwrcd by switching lim of thc invater 
transistors. On Fig. 5 it can be sun that thc errors OCCUT almost in thc 

with these measured values an WtiMUion of thc C l e c v i c a l  ParaJnccCrs 
w 

is p s i b l e  with a high BCCUTBC~. The relative CIIOT of thc leakage 
in- is less than 0.1% for all tested ofrsct currents. In casc of thc 
rotor mistancc the nm is lcss than 0.5%. The maximum error of the 

rated from the constant ke and so the c r r o ~  is about 30%. 
Ifthc valucsof Lm measured at dlfferentoffscc cumnts an uscd to 
calculate the magnctizallon cum Lh(i,,) the auve in Fig. 6 is 
achicvtd. 
Thc quality of thest mults is v a y  god and for a self-tuning muc 
than suffidcntbccrarsc ule nmof Rs is uncritical. If Rs is needed for 

diffemlial inductancc is about 2%. Thc stator resistancc can’t be sepa- 
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F i p 5 :  Rdandinmglwypsrlof Y U W )  snd YiUCOi) 

thc coatrd l~ dcnign or a Rux prodel. it Is bcna 10 Wa saxllllt both. 
RS and the lnR- of thc twcrtcr. than tocoaadaonly Rs. The 
sum is repnsented well by thc cstlmwd vdw. 

5 3  ExpcrimmW result. 

Thcppc(1cale*pmlnsllansmrcurriedoutwilhaddvcinlecordsncc 
with Fig. 7. The DSpS6001 ofthc NeXT station is uscd t o ~ m  thc 
anmi, the modulplkn and thc mnlacm (Esu. (9)). The M68040 is 
used for thc kast-squam algorlthm. The advaotage of this drive far thc 
wnminatians arc apowaful intcrfsccbetwccn thc h v o p ”  and 
a comfalahk graphical USM interface. More ddrilcd infomntions 
could be found in [31. 
In case of scries pmduclim this cmception Is not raptpblc In vlm of 
thc co(1ts. but the wor*platior~ can be rrplacod by a FC which is only 
“y at thecommissioning phase. By “i of thc serial interfpa 

thc FC c0“niCBtcIl with thc “la which is placod in thc cabinet 
ofthe inwxlcr. Thc use of thc FC calscs no additional costs slncc um- 
ally during thc commissioning phase a FC Is present anyway. Thc data 
transfa bctwcrn FC md cootrdler is no pmbkm because only a few 
valucs have to bc traasfand. 

Examiimtbn The results of the examin&m arc as follows: 

Stator redislance: The relative amr of Rs i s  now about 80%. 
Thc m m  is an additional line and extrinsic resistsna which is 
gnatco”l tothe measuring values of w e  1. 

R m r  resistam and lcaLage Indudma: The relative m m  of 
thcsc quanlitics arc about 1%. ..5% dcpcndcnt on thc offset cur- 
renl. so. thc locls6rotor test and thc fnpucncy rcsponse test 
deliver nearly thc same results and no method should be pn- 
f e d  In view of the ~ccwacy becaw the nsults of thc locked- 
mor test an maybe as well incomct as the results of frequency 
response (eSL 
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6 A SOLUTION OF THE HYSTERESIS PROBLEM 
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RgmIOklusured hyscaeris bop md the nmnd ltggnetlution 
$/A 

c u m m c p s u n d  with thc ID-losd lcst 
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A funha "kabk d t  Is the magnetic hysteresis wN& csn be 
obsavcdwilhbothrmhods. 
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