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Abstract. This research presents induction motor
mathematical model in coordinate axis's«a, £, which allows to

learn transient processes in rotor and stator circits in the
conditions of stator windings opening. Such kind ofesearches is
nowadays actual due to impossibility of main calcaitted values
measuring directly, but only on the stator terminak. Induction
motor mathematical model forms Park-Gorev equationsn «,

coordinate axis. It is preferable to use this cooildate system
because it allows comparing the results of mathematl modeling

in one of the phases with experimental data without
transformations.
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I.  INTRODUCTION

Squirrel cage induction motors (IM) are simplestructure

supply does not succeed remaining voltage decrgase safe
value. Therefore, if made repeated closing withsenee of
remaining EMF and in case of opposite phase, theecu
stroke significantly exceeds start-up current vadne that is
dangerous for IM.

For the actual moment there is topical differenidkiof
investigations connected to the processes actirigduaction
motor rotor circuit [6,7].

The aim of this investigation in connection withoab
described is IM mathematical model development,noype
the opportunity to search the processes runnintMimrotor
circuit in rundown regime.

Il. FEATURESOF INDUCTION MOTOR RUNDOWN REGIME.

After IM switching off power supply the current Btator
disappear, but magnetic flow in machine remainsaceount

than DC motors and are most commonly used n the VSE current alteration in closed rotor winding. Déeg

industry. They are robust and reliable. They remdittle
maintenance and are available at very competitisieeg.
They can be designed with totally enclosed motorsperate
in dirty and explosive environments. Their initiabst is
substantially less than that of commutator motard ¢heir
efficiency is comparable. All these features makent
attractive for use in industrial drives [1].

In crucial consumers, which rotation is activateg 1M
interrupted operation provides power sources quigktch
over. Every IM switching is accompanied by rundowgime
[2,3]. It looks that the processes of rundown regiespecially
rotation speed characteristics are reviewed in rieah
literature in details, taking into account thaisiteffected by
machine internal parameters and load coefficierd kad
characteristics [2].

Rundown regime is accompanied not only by machoner r
rotation speed, but stator windings remaining \g#ta
attenuation after power supply interruption as well

IM rundown regime attracts the interest becausethef
processes could happen in inimical conditions oé&nipg
might lead to significant current strokes and shtatm
extreme mechanical forces in the case of repealesing
during stator magnetic field still not attenuatend ahat is
dangerous for IM [4]. It was not made deep invedtans
before regarding such an obstacles as far presgomation
devices had minimum breaking time longer, than iaimg
EMF attenuation time.

Nowadays, in the innovative fast-operatingtoaation
devices use, closing time dropped up to 0.005.9H6&{ at that
time IM even small capacity breaking stator windirgpwer

squirrel-cage rotor winding for the switching morhen
superconductive and using for it the principle lokflinkage
steadiness, we deem that rotor flux linkage whatosturrent
disappear remains the same as antecedent stati@uamye in
the beginning of power switching off. On the stgtidn of
stationary of rotor flux linkage, we calculate tiwdor currents
during rundown regime.
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Fig.1. IM with phase-wound rotor rotor and statorrents oscillograms in
rundown regime.

For the IM with phase-wound rotor in the idle rummpi
regime, after run up, rundown process on the asg#iph
shown current stroke (Fig.1).

For the research of the processes in IM with sqlgage
rotor it was developed mathematical model, basedark-
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Gorev equations. This model allows to model proegss wheredel = XS- XR— XAD - XAD ;
rotor circuit of IM with squirrel-cage rotor at thmoment of
switching power off. Mg, = XAD(ig, —igpirg) (5)
lll. INDUCTION MOTORMATHEMATICAL MODEL. M, = SM - 02 + SMK (6)

The IM mathematical model description in a,b,c camtate
system (phase coordinates) most completely reflwot&ing  \where W1p W1a Wap Wae - Stator and rotor components of
processes physical picture. Yet periodically aftgri
coefficients big portion and the member of process
influencing model parameters like working tempermatu lsql
alteration, impregnation influence etc hinders sacimodel ®,- angular rotation speed of rotor;

glux Imkages
sprirarirp - Stator and rotor currents components;

usage [8]. , , U, cosk),~U ,, sin(r) - voltage supplied to stator windings;
Thus most wide used abstract and simple models¢hwhi inducti .
used to call generalized electrical machines. Rs:Rr: X5, X, - Induction motor parameters;

Resulting voltage vectors equations related totirmavith Mg, M, - torques electromagnetic and of load;
arbitrary speedw, coordinate axis represents the simplest anth - machine time constant measured in electricabradi
common kind of Kirchhoff equations for generalizacghine XR, XS, XAD - induction motor parameters measured in

related units.
Using provided equations (2-3) it is modeled IMristap

Us=Rdls+ dt tlows mode and repeated switching mode.
1) For IM rundown mode modeling we mark parameterdv/bf
U, =RlI; + -0 )y, at the switch off moment as steady during start up

Yra0: W1 305 @or 1 ra0i 0 -
Such a kind with arbitrary spees, equations are not used Forced equalization to zero of stator current @dk to

often [6]. The most interest taken to equationgadordinate change of rotor currents,,;i;; from the terms of retention of
axis a, fwhenm, =0, and in coordinate axisl,q, when flux linkage vector constant at switching moment.

WOy = Wginh - . .
k sinh ) ) |5a1 — O, Isﬂl — O (7)
o, -angular rotation speed of coordinate system.
For the fixed coordinates, 5 (& =0), when axis linked  pyring IM rundown mode its functioning describes
to stator, the equations for squirrel-cage rototanallowed following differential equations system:
for derivative flux linkages become following:

dy,, :

dy, _ d—;l:—RR"ralJra)rl‘//r/ﬂ

— - =Up-cosf) - Rs-ig,; (8)

dr dym -

dl//s/i . . dr =_RR"rﬁ1+wr11//ra1

dr =7 m'S|n(7)_Rs'|sﬁ;
2

d‘//ra _ ; . ( ) da)rl

d—T__Rr'lra+a)rl//rﬂ’ ?z(Mem_Ml)/TM (9)

dy .

d—;ﬂ =-R g +aov.,; It is possible to get the curves reflecting alters of
currents, flux linkages, voltages on the rundowmetiat stator
and rotor circuits using provided model.

do, =(Mgn—M)/Ty, ©) Comparing them with experimental data should beesdhot
dr en that the IM regimes mathematical modeling ia, 8

) ) coordinate system is favorable because of oppayturu
Where the current values calculated by following®®ns compare one phase results without additional tcansition.
of flux linkages:

=(XR-yy, — XAD -y, )/ dél; IV. MODELING RESULTS
sa sa ra ’

iy = (XR gy — XAD -y, )/ del; On the base of IM mathematical model presented in
_ (4) previous chapter it was modeled regimes of starrupdown
a = (XS, —XAD -y, )/ del; and repeated switching of induction motor with daling
irg=(XS-y, 5 —XAD -y;)/ del, parameters (in related units)Xg= 5799, X =584,

Xu=57, Rg = 0012, Ry = 0027.
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Fig..3. IM stator flux linkage on start up, rundownd repeated switching

alteration curves.
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Fig.6. IM rotation speed on start up, rundown apmeated switching

alteration curves.
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Fig..4. IM rotor currents on start up, rundown aepleated switching
alteration curves.
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Fig.7. IM current on start up, rundown and repeateitiching alteration
curves.
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Fig.8. IM EMF on start up, rundown and repeatedavimg alteration curves.
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Fig.9. Squirrel cage IM rotor currents on rundowteration curves.

With the purpose of provided model adequacy exatioinat
was made comparison of modeling and experimensaareh
results. It was found out that the IM with phaseswd rotor
current curve got on oscillograph for the rundovayime
(Fig.1) correspond to current curve of IM with sgel-cage
rotor, received using mathematical model for thmesaegime

(Fig.9).

V. CONCLUSIONS

Provided IM mathematical model iar, # coordinate axis

allows to research transient processes happeningtator
windings circuit break.
Mathematical modeling of IM operating regimes din S

coordinate axis preferable because it gives oppibytuto
compare results on one phase with experimental wiiteout
additional transformations.

As a result of mathematical modeling of rundownimey
came clear that in rotor circuit at the momentMfdwitching
off rotor current booms and in the rundown proogghk time
constant of the rotor circuit decreases up to Z€his current
alteration inducts EMF, phase and summarizing ihyiower
source voltage may negatively effect IM on fasteapd
switching on.

The processes in rotor circuit for the IM with sgei-cage
rotor in rundown regime are similar with processesotor
circuit in IM with phase-wound rotor.
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