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Abstract: Transmission of electrical energy to the
place of consumption is accompanied by its loss, defined
by the magnitude of currents that flow through
thetransmission line. As the main load is inductive in
nature, the currents in the line have reactive components,
which provide additional energy losses in the line. For
their reduction, a capacitor set is connected in paralée or
in series to the consumer. The paper proposes a method
and an algorithm of the research into the influence of
capacitance value of the series capacitor set on the basic
parameters and characteristics of asynchronous motors
(AM). Unlike the classica equivalent circuits, the
developed algorithm uses a mathematical moddl of AM
in form of nonlinear equations system, which takes into
account nonlinear dependences of flux linkage on
currents and current displacement in squirrel-cage rotor
bars. This allows the highly accurate determination of
the electromagnetic parameters of the motor and varying
(due to skin effect) resistances of the rotor winding,
which significantly affect the occurrence of resonance.

Key words. asynchronous motors, reactive power,
series  capacitive compensation,  static  garting
performance, saturation, skin effect.

1. Introduction

One of main consumers of reactive power is AM,
sendtive to the change of supply voltage In case of
transverse compensation, the capacitor set is connected to
the gator winding in parald, and, therefore, it does not
affect the working regime of AM. Meanwhile, the voltage
of the motor can rise or fall when the capacitor s& is
connected in series to AM. This affects the motor's
characterigtics. So, with some values of capacitance of the
series capacitor, AM may not devel op the required arting
torque or reach the required speed. Ancther feature of the
motor’s work with a series capacitor is the posshility of
resonance phenomena, accompanied by a number of
negative phenomena [2, 3, 5]. In particular, in Sarting
modes of AM, there may occur sdf-excitation and
subharmonic oscillation, which one may explore only
through a dynamic mathematical modd of the motor in
phase coordinates [1]. However, there rises a problem of

determining the capacitance value of the series capacitor
set enabling AM gart at a given motor load, and studying
its effect on other indicators. Such tasks can be solved in
transformed coordinate system, which significantly
simplifies the calculation agorithm and increases its
efficiency without loss of calculation accuracy.

The article aims at developing a method and an
algorithm of solving the task of research into the
influence of a series capacitor on operation of AM and
on its characteristics.

2. The mathematical model

As the system of supply voltage is symmetric, it is
possible to do research into the effect of capacity value
of the series capacitor on the characteristics of AM,
without losing accuracy, in the axes x, y by considering
the supply of the motor via a series capacitor and
caculating the static characteristics. The important
factors that affect the flow of processesin AM are the
magnetic circuit saturation and the phenomenon of
current displacement in squirrel-cage rotor bars.

The current displacement in the rotor loops
significantly affects the value of the darting
electromagnetic torque of AM. To take it into account,
the squirrel-cage rotor winding is represented by n
windings formed by splitting the real bars into n
elementary bars [4, 6]. The e ectromagnetic processes in
steady mode of AM, which is supplied from a source
through the series capacitor of C capacitance, are
described by the nonlinear system of algebraic equations
of the following form in the axes x, v:
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where y i, ik, e (K=sx, 9y, jx jy)  (j=1..,n) ae
the flux linkages, currents and resistances of the loops;
s=(wg- W)/wg; wg,w are the angular frequency of
the supply voltage and angular velocity of the rotor;

Ug, Uy, are the supply voltage components [6];
sx1 Vsy

% =1/(WoC) .
The eectromagnetic torque of AM in theaxes x, y is
determined by the formula

Me =15po(y xiy - Y yix) 2
where pg isthe number of the pole pairs of AM.

3. The algorithm for analysis of the steady
mode

As a result of the nonlinear dependence of
the loops flux linkage on the currents, resulting from
the magnetic circuit saturation of AM, the system (1)
is nonlinear and its solution requires the
development of an appropriate algorithm. For its
description, we shall represent the system in the
form of vector

%' . i,9=0l, 3)

where U, yI , | are the vectors of supply voltage,

flux linkage and loops currents. If the axis x
coincides with the supply voltage phasor, then

Ug =Upm, Ugy =0, and 6=(Um,0,0,...,0)*, where
Uy, is the amplitude value of the phase voltage (the
mark * indicates transposition).

For a given value of the motor dip s, the solution to
the system (3) is the current vector | that can be
determined by the parameter continuation method [6]
based on gradual increase of the exciting force from zero
to a specified value. For this purpose, we multiply the
vector ( by a scalar parameter e (O£ e £1) and replace
the equation (3) by

%/ i, 9=¢el. (4)

As aresult of differentiation of (4) with respect to g,

the differential equation (DE) is obtained
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When integrating the DE system (5) with respect to e,
we obtain (when ¢ = 1) the value of the current vector |I ,
that corresponds to the voltage U and is refined by the
Newton’s method. The differential inductive resistances
X=T(wgy )/ i ae the dements of matrix A for
corresponding values of AM currents. These resistances
are determined by the characteristics of magnetization of
the motor magnetic circuit, i.e. by the dependencies
y =y (i) of themodules of flux linkage phasors on the

current phasorsy =Yy (i) according to [6]. The loops

flux linkages and the eectromagnetic torque are
determined according to (2) by the known value of the

current vector | at the given motor dip.

4. Thealgorithm for characteristics calculation
By specifying a number of dip values s, it is
possble to obtain a multi-dimensional datic
I I
characteristic as a dependence of current vector i =i (S)

on the motor dip that alows us to determine the
dependences of other quantities on the motor dip for a
given capacitor’s capacitance. However, it is not an
optimal way, because each time we need start from zero
values of coordinates. The differential method for
calculating the static characteristics [6] is more effective.
For itsimplementation, the system of algebraic equations
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(1) is differentiated with respect to the dip as an
independent argument. The result is a DE system of the
argument s,

-

.
ds

where

*

\5= (O 0, - wyy ry-WoY rx) ,

and the matrix A¢ differs from the matrix 4 of equation
(5) only by the block A1, which hasno X, elements.

The agorithm for caculating the datic
characteristics as a dip function consists of two stages.
At the first stage according to Paragraph 3, we
determine the values of coordinates when the dip is
s=1. At the second one, taking the voltages vector as
congtant, we change the dip from one to the nominal
value that makes it possible to ensure the convergence of
the iterative process, because the values of the
coordinates obtained at the previous stage are usualy in
the neighbourhood of iterative process convergence
point.

To calculate the coordinates dependences on the
capacitor’ s capacitance, we differentiate system (3) with
respect to X as an independent argument, assuming the

voltage and the dlip as constant. Theresult is

*
where (g =(isy,- iSX,O,...,O) .

As an example, in Fig. 1 for AM (P = 15 kW,
U=220V, I =298 A, cosj =0,87), which is
supplied through a series capacitor from a 220 V
source, we present the results of calculating the
dependences of the capacitor voltage (1), the motor
voltage (2) and the current (3) on the value of the
capacitor’s capacitance when s =1, and in Fig. 3 /
when s =0.021. As shown in Fig. 2, when the motor
slip is s =1, we attain the equality of the capacitor
voltage and the motor voltage as well as the
maximum current of AM at the capacitance close to
2,000 nF, and when the dip is s =0.021 (Fig. 2), this
maximum is reached at C = 500 n.

The curvesin Fig. 3 show that the maximum of the
AM’s eectromagnetic torque corresponds to zero value
of reactive power in the point of the capacitor's
connection.

w5 i A

500

400

300

200

100

0 (VI es
1=l 210° Ui &el0”

Fig. 1. Dependences of the capacitor voltage (red), the motor
voltage (blue), and the current (brown) on the value of the
capacitor’ s capacitance when the dipis S=1.0.
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Fig. 2. Dependences of the capacitor voltage (red) and the
motor (blue) voltage on the value of the capacitor’s
capacitance when thedipis S =0.021.
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Fig. 3. Dependences of active power (red), reactive power
(blue) at the device' sinput, and the e ectromagnetic torque
(brown) on the value of capacitor’s capacitance when the slip
is S=1.0.
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5. Conclusions

The presented algorithm gives the possibility to
calculate steady modes and static characterigtics of AM
with series capacitive compensation of reactive power.
The problem is solved in the orthogonal coordinate axes
X, ¥ what provides for smplicity of the algorithm and

the minimum possible amount of computations. In the
motor's mathematical model the magnetic circuit
saturation and current displacement in the rotor bars,
which significantly affect its characteristics, are taken
into account. The software developed for the above
algorithm can be used to estimate the operation options
of an AM supplied from an eectric network with
appropriate reactances and make a reasonable choice of
capacitor’s capacitance for the series compensation of
reactive power in given operation conditions.
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JOCJIIKEHHS BIVIUBY
noCJIIAOBHO YBIMKHEHUX
KOHJAEHCATOPIB HA POBOTY
ACHUHXPOHHUX JIBUT'YHIB

Bacuns Mansp, Opect I'amona, Tapac Prxuit

[Nepecunanns enekTpUIHOI €HEprii 10 MiCIs CIIOKUBAHHS
CYIPOBOKYETHCS ii BTpaTaMH, sIKi BU3HAYAIOTHCS BEJIMYUHOIO

CTpyMiB, IO MNpoOTiKaloTh 1O JiHiil. OCKINBKM OCHOBHE
HAaBaHTAXEHHS Ma€ IHIyKTHUBHUI Xapakrep, TO CTPYMH B JiHIl
MalTh PEaKTUBHY CKJIAJIOBY, SIKA CTBOPIOE JIOIATKOBI BTPATH
esiekTpoeHeprii B miHii. [l iX 3MEHIICHHS BUKOPHCTOBYIOTH
KOHJICHCATOPHI YCTAHOBKH, SKi BMHKAaIOTh INapajelbHO abo
MOCNIIZIOBHO 31 croxkuBayeM. Y poOOTi MPOHOHYEThCS METOJ, i
AJITOPUTM JIOCITIJKEHHS BIUIMBY 3HAYEHHS EMHOCTI IIOCHiJOBHO
YBIMKHCHUX KOHJCHCATOPiB HAa OCHOBHI IIOKa3HMKM Ta
XapaKTePUCTUKU acCHHXPOHHUX NBUryHIiB (AJl). Ha BimMiny Bin
KIaCHYHMX 3aCTYIHHX CXEM, y pO3pOOIEHOMY alropuTMi
BUKOPHUCTOBYETBCS MaTeMaTH4yHa Monens AJl y Burisai
HEJiHIHHOI CHUCTeMU PiBHSHB, y AKill BpPaXOBYIOThCS HENiHIHHI
3aJIKHOCTI [IOTOKO3YEIUIEHb BiJl CTPYMiB Ta BHTiICHEHHS
CTPYMy B CTEPXKHIX KOPOTKO3aMKHEHOIO pOTOpa, IO Ia€
3MOTry 3 BUCOKOIO JJOCTOBIPHICTIO BU3HA4aTH €JICKTPOMArHiTHi
rapaMeTpy JBUT'YHA Ta 3MiHHI BHACII/IOK CKiH-€(DeKTy aKTHUBHI
oropu OOMOTKHM POTOpa, SIKi ICTOTHO BIUIMBAIOTH HA IOSIBY

pE30HaHCY.
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