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Abstract – In this article some IM equivalent circuit diagram definition methods are presented. Using these methods equivalent circuit parameters values were obtained for 4A90L2Y3 type 4A series IM. On the base of these parameters IM start up regime was modeled and current, rotation speed and electromagnetic torque curves were built up. The obtained characteristics were compared with IM real operation start up oscillogram.
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I. Introduction

Three-phase induction squirrel-cage rotor motor (IM) now is one of most widespread types of the drive motors. Such a situation is determined by their manufacturing and service simplicity and by there high reliability as well.

The investigation of arising in IM transient processes (for instance: phase “break”, feeding power supply unbalance) it is highly important to have well done model. Obviously in the real life the creation of such conditions for IM is dangerous because of the risk of motor damage. The investigation of the mathematical model of these processes gives an opportunity to make correct choice of protection and automation devices and that is extremely important for IM general reliable operation. Nevertheless, for modeling it is required to know induction motor equivalent circuit parameters values: stator, rotor and magnetizing circuit active and reactive resistance. It is a known fact that due to technological processes inobservance, differences in manufacturing processes used by different producers the motor parameters meant in technical documentation might defer to reference data up to 10 – 20 %. So, to design the high quality drive designers need to know the motor parameters authentic values. The same tasks have to solve producers because the commercial value indices of the motor with issued individual technical documentation are appreciated.

The analysis shows that the variety of methods for parameters definition is determined by desire to get results on the base of equivalent circuits from the one hand and at the same time indicates the absence of unified approach for motor parameters definition, which allows finding out the variant of solution for every task. 
It is found out that there are many publications dedicated to the induction motor parameters defining problem [3-7, 9-10, 13] and developed different approaches to described problem. 

Nevertheless, the problem of parameters calculation for IM transient processes modeling came to successful resolution not due to high compliancy of the problem but due to deficiency of satisfactory analytic forms based on common motors data. Some authors propose semi empiric equations based on the reference data for mechanical characteristics calculation [3, 4]. Therefore IM parameters reference data with parameters received on the experiment and calculation way were compared for the 4A series 4A90L2Y3 motor. The calculated curves of start up were compared with those obtained in experiment.

II. Induction Motor Parameters Definition 
Let us define IM parameters for T-type equivalent circuit on the base of [12, 13 and 14] and received on experiment way.

1.1. We calculate T-type IM equivalent circuit parameters on the base of reference data [6].

4A90L2Y3 type IM has in accordance with the [8]: 
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=84.5. So far as stator and rotor windings leakage resistance and magnetizing circuit branch resistance used to understand independent of core steel inductance saturation and disregard rotor windings parameters variation with motor slip variation, the task of parameters definition comes to finding constant resistances known T-type equivalent circuit. 

The value, which characterizes correlation between stator windings leakage resistance 
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which the high accuracy rate might be defined as
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The magnetizing circuit branch inductance in relative units in rated conditions measures
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   The active resistance of the magnetizing circuit we take equal to zero. The stator windings leakage inductance in relative units, if 
[image: image16.wmf]1

C

 and 
[image: image17.wmf]m

X

 under rated conditions is measured
	
[image: image18.wmf]m

s

X

C

X

)

1

(

1

1

-

=

.
	(4)


If there are no data about stator windings active resistance, it is permitted to use measure
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Rotor windings leakage inductance in relative units under rated conditions is measured
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but an active resistance 
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As a result of calculations we received the following 4A90L2Y3 type IM parameters: 
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 and modeled start up process (Fig.1).
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Fig.1. IM with parameters: 
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 start up.
As we can see in the figure, IM successfully started and reached stationary mode. But start up has been slow enough.

1.2. Another parameters definition variant is the calculation in accordance with [5]. According to [5] induction motor parameters are partially taken from the motor technical documentation and the other parts are calculated accordingly to these data.   

Equivalent circuit parameters (active resistances and inductances) are calculated as well.

Based on reference data are defined:

magnetic field rotation speed (synchronized speed):
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motor slip value: 
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rotor rated rotation speed: 

	
[image: image35.wmf]30

2

pn

s

rad

N

=

ú

û

ù

ê

ë

é

w

;
	(10)


magnetic field angular rotation speed: 
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rated, maximal and start up torque:  
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critical motor slip: 
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Rotor reduced active resistance:
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Disregarding the losses in ferromagnetic core and additional losses in the motor we may expect that the power emanated in stator windings active resistance measured by equation:
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Following equation measures stator active resistance:
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where 
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Defining stator and rotor active resistance we take notice mechanical losses (0.01-0.05) of rated capacity. The smallest one corresponds to the motors with the highest output power. Reduction coefficient 
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taking notice 1.01-1.05 (the smallest one corresponds to the motors with the highest output power).

Reduced inductance of the rotor leakage
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stator inductance 
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magnetizing circuit inductance
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We make reduction coefficient 
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 definition beyond parameters calculation using equation:
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Resulting value should be compared with taken coefficient 
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 and if necessary repeat parameters calculation ones more.

Resulting calculated parameters are:
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 and we make start up process model (Fig.2).
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Fig.2. Start up of IM with parameters: 
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IM in this experience didn’t start and couldn’t turn up. Parameters received using these methods are not acceptable for IM operation modeling of dynamic regimes. They are acceptable for static regimes only. 

1.3. One more variant for definition of the parameters of induction motor equivalent circuit diagram described in [6]. In accordance with [6] we expect reliable following reference data: 
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 - stator start up current ratio.

Taking these data as a base we calculate:

- stator rated phase current:
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- rated motor slip:
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- synchronous rotation speed, rad/s: 
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- rated angular rotation speed, rad/s:
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- rated torque on the IM shaft, Nm:
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- rated power losses, W:
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Rated mechanical power losses are measured in the range
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and additional losses related to the rotor rotation
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IM no-load run torque we calculate by equation
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and rated electromagnetic torque 
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Now we define rated variable losses using above data
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We set load coefficient
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Preliminary we expect:
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Taking into account that the maximum efficiency comply to equality of constant and variable losses, we get rated variable power losses
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Constant losses
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Further we define rated variable power losses in the stator
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and stator phase active resistance
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Maximal electromagnetic torque
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[image: image88.wmf]b

 coefficient, gauged in resistance units:
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and impedance
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Afterwards we define rotor related active resistance
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short circuit inductance
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critical motor slip
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and active resistances proportion
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According to Closs equation we calculate electromagnetic torque for rated motor slip
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and compare it with
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exceeds allowed value, load coefficient 
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 are redeemed and calculation procedure is repeated ones more until an error value become admissible.

When iteration process is finish we may start the calculation of:

- stator and rotor inductance
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- no-load current
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- losses in steel
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- equivalent losses resistance in the steel
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- mutual inductance
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Thus computed following 4A90L2Y3 type IM equivalent circuit parameters:
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 and start up process model completed (Fig.3).
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Fig.3 IM with parameters: 
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In this experience IM is seccessfully stated up and achieve stationary regime.

1.4. On the next step we define IM equivalent circuit parameters by experiment. For this purpose it was mounted the facilities, presented in Figure 4. 
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Fig.4 Facilities for induction  motor parameters definition. 

The diagram of facilities for induction motor parameters definition is presented in Fig.5. 
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Fig.5 The diagram of facilities for induction  motor parameters definition.

It should be performed three following tests to achieve induction motor active and reactive resistances definition:

· Metering of stator windings DC resistance
[image: image119.wmf]1

R

, executed by single or double bridge circuit or using voltmeter and ammeter [3]. 

· „No-load” test, which enables to define stator inductance (approximate value) and power losses for friction and ventilation, including losses in core (magnetic circuit). 

· “Short circuit” test, which is executed with fixed rotor. It might be performed using both by reduced voltage and rated voltage. At the same time it is preferable to use voltage close to rated because the motor active and reactive leakage resistance depends on current intensity [3]. “Short circuit” test allows to define rotor resistance and rotor and stator windings leakage reactive resistances sum (related to stator).  

If motor rotor performed as squirrel cage, disregard of inductance value is not acceptable. Taking into account that the inductance of the stator and rotor is extremely difficult, usually both are expected equal [2]. 
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Fig.6 IM T-type equivalent circuit diagram.
So, for the IM equivalent circuit, presented in Fig.6, applying the above described methods, for 4A90L2Y3 type IM resulted experimental data and computed its parameters:
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 and start up process modeled (Fig.7).
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Fig.7 IM with parameters: 
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 start up process.

As you can see, in this experience IM is successfully stated up and achieve stationary regime (no-load). Comparing these curves with the received in previous experiences we can state that in this case we have start up time is considerably shorter and curves has less peaks. 

1.5. Now we take T-type equivalent circuit parameters values from the catalogue [9]:  
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 and make start up process model. (Fig.8). 
[image: image137.png]n,I,Mem (p.u.)

035

0,4

t(s)




Fig.8. IM with parameters: 
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 start up.
In this experience, based on the catalogue data IM is successfully stated up and achieves stationary regime. These curves are similar to the curves presented in Fig.7.
III. Induction motor mathematical model

To verify credibility of parameters, defined in the previous chapter for 4A90L2Y3 type motor, it was applied IM well-set mathematical model, which allows to model induction motor operation dynamical regimes [11, 12]. Mathematical model of IM is based on Park-Gorev equations in synchronously with stator magnetic field rotating grid axis in coordinate system d,q [1]:
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where: 
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Using mathematical model, presented in the equations (52-54), it was modeled IM start up processes (Fig.1-3, 7, 8).

The above described modeling  leads to a conclusion that the actual oscillogram of the start up process comply with the curve, which was calculated taking for data output the parameters got in the way of experience and taken from the catalogue for IM T-type equivalent circuit [8]. Therefore we will overview them in details more.

Superposing curves calculated on the base of referenced data and data of the experience of the start up processes (Fig.9), we see that the difference between the curves does not exceed 10%.
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Fig.9 4A90L2Y3 type IM start up curves.
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Since defining IM parameters in the way of experience, we made a number of assumptions [4], it makes clear received difference between curves arising.

IV. Comparative analysis of curves resulting modeling and experience

Now let us compare start up characteristics based on reference data and experience for 4A90L2Y3 type IM presented in previous chapter with same IM start up characteristics displayed on real oscillogram of the start up process of the same motor.
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Fig.10 IM phase current curve in the start up process.
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Fig.11 Rotation speed of the IM curve in the start up process. 
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Fig.12 Electromagnetic torque curve in the start up process.
Phase current characteristics comparison (Fig.10) shows that the difference between curve based on the reference data and real process oscillogram at the peaks does not exceed 13%. But the difference between curve based on experience data and real process oscillogram at the peaks does not exceed 17%. Comparison of the curves of rotation speed (Fig.11) shows that the difference between curve based on the reference data and real process oscillogram does not exceed 4%. But the difference between curve based on experience data and real process oscillogram does not exceed 6%. Electromagnetic torque curves resulting modeling comply with the real process electromagnetic torque oscillogram (Fig.12). 

Comparative analysis of start up characteristics displays that the mathematical model of IM is adequate and is able to reflect completely running in IM real transient processes.
V. Conclusions

1. Calculations of parameters of the induction motor equivalent circuit, made using different methods, have shown that the use of different kinds of empiric equations does not give credible values of searching parameters. The results obtained in this way are suitable for stationary mode operation and static characteristics analysis only.    

2. The comparison of 4A(4A90L 2Y3) type induction motor start up oscillogram with start up process got from the model shows that the best coincidence of results gives the model with equivalent circuit parameters obtained in experience way.   

3. The usage of mathematical modeling for clear information about IM processes in a complicated dynamic modes receiving gives the best and most credible results if equivalent circuit parameters sourced directly from producer or in experience way.  
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Конюхова Марина, Кетнер Карлис, Орловскис Гунтис, Орлова Светлана. Определение доверительных параметров асинхронного двигателя для моделирования переходных процессов
Исследование переходных процессов асинхронного двигателя (АД) с использованием модели дает возможность правильно подобрать устройства защиты и автоматики, что безусловно важно для надежной работы АД. Но исследование таких режимов, как «обрыв» фазы, несимметрия питающего напряжения и другие, в реальных условиях опасны для АД, т.к. могут привести к его повреждению. Поэтому для исследования таких режимов, важно иметь отлаженную математическую модель АД. Однако, для моделирования необходимо иметь значения параметров схемы замещения АД: активных и реактивных сопротивлений статора, ротора и намагнитчивающей цепи.

Не смотря на то, что вопросам определения параметров схем замещения АД посвященно много работ и разработаны разные подходы к данной проблеме, простое и эффективное решение к настоящему времени не найдено.

В данной статье представленны несколько методов определения парметров для схемы замещения АД. На основании этих методов были получены параметры схемы замещения АД серии 4А типа 4А90L2Y3. По полученным параметрам был смоделирован режим пуска АД и получены характеристики тока, частоты вращения и электромагнитного момента. Эти характеристики были сопаставленны с реальной осциллограммой пуска АД.

Сравнение характеристик показало, что параметры полученные расчетными методами не всегда пригодны для моделирования динамических режимов АД. Они могут быть использованны для расчета статических режимов. А вот параметры, полученные  опытным путем (из опыта «холостого хода» и «короткого замыкания»), являются более достоверными, не смотря на то, что все же имеют отличия от представленных в каталоге параметров (однако разница не превышает 10%).  

Таким образом для моделирования переходных процессов, при отсутствии параметров  схемы  замещения АД в каталоге, можно рекомендовать использовать параметры полученные опытным путем.  

Koņuhova Мarina, Ketners Кārlis, Orlovskis Guntis, Orlova Svetlana. Asinhronā dzinēja uzticamo parametru noteikšana pārejas procesu modelēšanai
Asinhronā dzinēja (AD) pārejas procesu izpēte ar modeļu palīdzību ļauj pareizi izvēlēties aizsardzības un automātikas ierīces, kas bez šaubām ir ļoti svarīgi AD drošai darbībai.  Bet tādu režīmu kā fāzes „pārrāvums”, barošā sprieguma asimetrija un citi ir bīstami reālas izpētes veikšanā priekš AD, jo var sabojāt dzinēju. Tādēļ tādu režīmu izpētei ir nepieciešama AD matemātiskā modele. Toties modelēšanai ir nepieciešami AD aizvietošanas shēmas parametru vērtības: statora, rotora un magnētiskās ķēdes aktīvā un reaktīvā pretestība.  

Neraugoties uz to, ka AD aizvietošanas shēmas parametru noteikšanai ir veltīti daudz pētniecisko darbu un tika izstrādātas daudzas pieejas šīs problēmas risināšanai, tomēr līdz šim vienkāršs un efektīgs risinājums nav atrasts.  

Šajā rakstā tiek piedāvātas AD aizvietošanas shēmas parametru noteikšanas metodes. Balstoties uz šīm metodēm tika noteikti 4A sērijas 4A90L2Y3 tipa AD aizvietošanas shēmas parametri. Izmantojot šos parametrus tika uzmodelēts AD palaišanas režīms un aprēķinātas strāvas, griešanās frekvences un elektromagnētiskā momenta raksturlīknes. Šīs raksturlīknes tika salīdzinātas ar AD reālo oscilogrammu. 

Raksturlīkņu salīdzinājums parādīja, ka aprēķinu ceļā dabūtie parametri nevienmēr ir derīgi AD dinamisko režīmu modelēšanai. Tos var izmantot statisko režīmu aprēķinam. Bet parametri, kas dabūti eksperimentāli („tukšgaitas” un „īsslēguma” eksperimentos) ir precīzāki, neraugoties uz to, ka tomēr atšķiras no katalogu datiem (toties starpība nepārsniedz 10%). 

Tādējādi, pārejas procesu modelēšanai, ja nav pieejami kataloga dati, tiek rekomendēts izmantot parametru vērtības, kas tiek dabūti eksperimenta ceļā.
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