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METHOD OF DETERMINING THE PARAMETERS OF AN EQUIVALENT
ASYNCHRONOUS ELECTRIC MOTOR IN REAL TIME

A calculation of the parameters of the equivalent asynchronous electric machine allows introducing the automated
calculation of the static and dynamic stability of an electrical supply system in an industrial enterprise for any combination
of different electric motors. It also ensures the electromagnetic compatibility in a network by means of calculations of
nonsinusoidal mode in the network with proposed sources of higher harmonics. The research purpese is a method for
accurate determination of the equivalent asynchronous machine parameters for the load node consisting of several groups
of asynchronous electric motors of the same type. An algorithm block diagram for calculating the initial data is developed.
The input data is the number of groups of the same motor type, the number of machines in each group, and a vector of the
engine power ratings. The polling of the counters of each engine in all groups is performed through the use of an embedded
cycle. A fragment of a substation one-line scheme which feeds an electrical industrial enterprise water circuit is given: three
800 kW asynchronous machines for each pump, three 400 kW asynchronous machines and three 250 kW asynchronous
machines. The calculation results for the given example of the scheme are executed and presented in the table. The data
obtained show that the actual parameters of the equivalent machine in a 6 kV load node are significantly different from the
averaged data. The typical difference between the results obtained by the proposed method and the available methods is 5%,
and the maximum reaches 30%. Therefore, it is expedient to use accurate data when performing calculations.

Keywords: equivalent asynchronous machine; group of electric motors of the same type; load node; information and

control system.

Introduction

In most cases, the main load in the distribution
substations of industrial undertakings is created by a
group of asynchronous motors (AM). The influence of
the resistance of this group on the power supply mode is
enough significant to ensure the accepted accuracy of
the calculations, the calculations of the equivalent
resistance of several groups of motors belonging to the
same type must be extremely precise.

The approximate formulas developed for the
equivalent AM parameters calculation do not take into
account the nameplate data for each motor. For a load
node consisting of many different 0.4 kV motors,
calculating the parameters of the equivalent AM at any
specific time with required accuracy is impossible. But
for a load node consisting of several groups of 6 kV
motors of the same type this task is of immediate
interest, and can be performed by using information and
control systems.

The modern stage of the information processing
technologies development can be described by the wide
use of the information and control systems, including
their use to control distribution substations. Such a
system can be always used to calculate the static and
dynamic stability of an industrial undertaking power-
supply system for any combination of different motors.
In addition, such system allows computing
nonsinusoidal mode in a network with a higher
harmonics source, which will ensure electromagnetic
compatibility in the electric network.

Literature data analysis and the problem
statement. In [1] analyzes the AM parameters
calculation in different working modes, but it lacks a
calculation procedure for groups consisting of several
motors.

The calculation procedure given in [2] is intended
for control systems and does not allow taking into
account the influence of the motors working modes on
an electric power system.

Generalizations made in [3] can be used only to
calculate motors with a high rotating speed.

In the article [4] is the closest to solving the
problem of the asynchronous motors group parameters,
but the algorithm this work describes requires
adjustment in order to function in a real-time scale.

The model contemplated in work [5] is not
unraveled to the full extent — moreover, its practical
implementation is not described, which makes it
impossible to use except in the MATLAB simulation
environment.

In the article [6] describes a method to estimate the
AM parameters when the extent of the available data is
minimal, but the obtained estimate demonstrates
significant discrepancy, which prevents it from using in
resonance effects calculations within an electric power
system.

Thus, none of the methods considered can be used
to effectively analyze the interaction of an electric
power system with motors groups in real time.

Theoretical foundations for automatic systems for
measurement of power consumption (ASFMOPC) have
been developed in [7, 8]. The ASFMOPC collect the
energy accounting data from electricity meters
(electronic meters). These data are processed by an
ASFMOPC server and can be used to solve different
problems, including determination of the parameters of
the equivalent AM.

Thus, using the energy accounting data, which can
be obtained in real time mode and transmitted for
further processing in ASFMOPC, and the theory to
calculate the parameters of the equivalent AM, it is
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reasonable to determine the number of working motors
in each group in real time mode. It can be used to build
information and control system determining the
equivalent AM parameters, which in turn can be used in
automated calculations of the parameters and modes of
the power-supply system for industrial undertakings.
The goal of the article consists in developing a
method to determine the equivalent asynchronous motor
parameters for a load node comprising several groups of
similar asynchronous motors of significant power.

Calculating the parameters
of the equivalent AM

Theoretical basis of the equivalent AM parameters
calculation are developed completely enough by
Yu.E. Gurevich in [9, 10]. Article [11] describes a
method that automatically determines the number of
asynchronous or synchronous motors with 10(6) kV
voltage in a group of the single-type motors. But in
practice, the 10(6) kV buses of a substation are connected
to several groups of motors, so to perform automatic
calculations it is necessary to know the number of
working motors in each group at any given moment.

The following nameplate data and AM groups
parameters are used as the output data for equivalenting
of an asynchronous motor: P, is the rated active power

of the motor, kW; O, is the rated reactive power of the
motor, kVAr; 7, is the motor rated current, A; cos¢,, is
the rated power factor, relative units (RU); & is the
locked rotor current ratio, RU; M, is the ratio of the

maximum torque to the rated one, RU; M » is the ratio

of the starting torque to the rated one, RU; wp; is the

weighting factor of the rated active power of each motor
group for the total rated power of all AMs, RU.

In the expressions for the equivalent AM
calculation, the number of the single type motors in the
AM group is expressed as 7 .

According to researches [1], the no-load current of
the AM [, is calculated according to the following
formula:

I =In~(sin¢n—cos¢n/(bn+\/1%)} (1)

where b, is the ratio of the maximum torque to the

rated one on the AM shaft. Calculation made according
to the AM catalogued data (cos¢,=0.8...0.92;

b,=2...2.7) show that the minimal value of I is

within the interval from 25 to 40% of the motor rated
current [11]. These relationships are used to determine
the working state of the AM. That is why it is
reasonable to determine one minimal value for the AM
power upon achieving which it is considered put into
operation (that is, 25 %).

Using the above mentioned information makes it
possible to develop a method for automatic
determination of the AM parameters in a real-time
scale, which will function as part of information and
control system for an industrial undertaking power

supply.
Determination of the equivalent
AM parameters in a real-time scale
in an information and control system

Figure 1 shows a single line diagram section of a
substation energizing electric users of an industrial
undertaking water recirculation system (three 800 kW
asynchronous motors to drive cold water supply pumps
(CWP), three 400 kW asynchronous motors for hot
water supply pumps (HWP), and three 250 kW
asynchronous motors for cooling towers fan
installations (F1)).

The nameplate data for each AM group and
calculated parameters of the equivalent AM are given in
Table 1.

From main step-down substation 5

J 6kV L l l [% I l l Substatlon 3
s mp By sp omy s sp By S0
wi- wi-2 w13 lﬂ/ -4 I -6 wi-9
P e D @9
HWP-1 HWP-2 HWP-3 CWP-1 CWP-2 CWP-3 FI-1 FI-2 FI-3
AM-400 AM-400 AM-400 AM-800 AM-800 AM-800 AM-250 AM-250 AM-250
Fig. 1. A single line diagram section of a 6 kV substation energizing the electric users of the water recirculation system
Table 1. The nameplate data and parameters of groups consisting of the same type AMs
'AM ' AM type P, I A cos¢,, 0,, g9, , M, , M,, k, Wp;
designation kw | " RU kVAr | RU RU | RU | RU | RU
1 2 3 4 5 6 7 8 9 10 11
CWP A4-450Y-6V3 800 74.5 0.860 474 0.593 2.000 1.00 | 5.40 | 0.552
HWP A13-42-8 400 48.0 0.860 237 0.593 2.100 1.20 | 5.10 | 0.276
FI All3-4 250 29.4 0.889 129 0.515 2.500 1.30 | 5.80 | 0.172
Equivalent AM - 4350 | 4557 0.865 2520 0.579 2.055 1.07 | 5.38 | 1.000
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To determine the number of AMs (or SMs) in each
group of identical electric motors, it is proposed to
install electronic multifunctional electricity meters in
the relay section on each connection of high-voltage
motors, so as to measure the current, voltage, power,
frequency and other parameters of the power supply
mode in real time mode. The information system is to
provide data collecting, data processing, and data
transmission to ASFMOPC in real-time mode. For it to
work, it is necessary to develop an algorithm that would
check the measured values of the power for raw errors,
and automatically calculate the number of AMs (SMs)
in the groups consisting of same type electric motors.
This algorithm is shown in Figure 2.

BEGIN

1

9

(PtotPtoHN[i] *Pnli]

K[ij]1=Plij}

Pnfi]

11

1025 ’7W[i]N[i]*Pn[i]/Ptot

]

8

N[i]=NJ[i]+1

Fig. 2. The scheme of the algorithm determining
the number of energized AMs (SMs)

The output data include the number of groups
consisting of the same type motors M , the vector for the
number of motors in each group G, and the vector of

the rated powers of the motors P, . An embedded loop is

used to iterate and poll the meters of each motor in all
groups. The relative power K is calculated according to
the known actual power being consumed. When the
motors load exceeds 25 % of its rated power, the motor
is considered energized. In this case the value of the
corresponding counter in the counters vector N is
incremented. The execution of the algorithm results in
the complete list of the number of the energized motors
for each group, saved as the vector N .

At the same time, the total power of the energized
motors Prfot is calculated, being represented as the
vector of the weight coefficients W for the motors

groups. The algorithm shown can be implemented by
using microcontroller techniques within the boundaries
of an information and control system, operating in a
real-time scale.

Analysis of the described method

When analyzing a network node that energizes an
AM group (or an SM group), two distinctive cases can
be distinguished:

1) Few motors with known parameters and
working mode are connected to this electrical
network node. This case applies to medium voltage
AMs with rated power from 200 kW. The exact number
of AMs can be determined by using the electricity
meters connected to ASFMOPC. This increases the
accuracy when determining parameters of the equivalent
AM according to the approach and calculation methods
are described in [2, 10, 11]. These data can be used to
obtain the static stability of the AM and nonsinusoidal
mode of the power-supply system with a higher
harmonics source (HH).

Let’s give an example of the equivalent AM
parameters calculation using the nameplate data from
Table 1 and the single line diagram shown in Figure 1.
At the moment, there are three CWP operating (their
number being N; =3), as well as three HWP ( N, =3),

and three FI (V3 =3). The total rated active power of
the equivalent AM is expressed as follows:

M
Breg = 2 NiBy; = 3:800+3-400+3-250=4350kW , (2)
i=1

M
Opeq = 2. NiQ,; = 3:474+3-237+3:129=2250kVAr . (3)
i=l
The actual value of the real power of the AMs
being operated is determined according to the electricity
meters. The actual reactive power of the equivalent AM
is found similarly. The displacement power factor of the
equivalent AM tgd)n’eq is determined according:

tgd)n,eq = Qn,eq /Pn,eq : “4)

When introducing the weighting factors wp; in
relation to the rated active power of the each motor

group P, ;, the value of the weighting factor will be
equal to the following:
M
Wp; = NiPn,i/Zj:](Nan,j)' )
The substitution of values results in the following:
Wpy = 3-800 =0.552, (6)
3-800+3-400+3-250
-4
Wpy = 3-400 =0.276 , (7)
3-800+3-400+3-250
2
Wp3 = 3259 =0.172. (8)
3-800+3-400+3-250

Then, for the output data described, the expression
for 1g¢,, ., can be written as follows:
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tgd)n,eq = Zz}\;[l (Qn,eq,i /Pn,eq,i ) “Wpi =
474 237 129

=——-0.5524+——:0.276 + —-0.172 = 0.579.
800 400 250

For the value of the rated power factor of the
equivalent AM, the formula is as follows:

-1/2
) =

)

2
080y, oq = (1+1870,, ¢

=(1+0.579%)""% =0.865 . (10)

The active power load factor for an AM,
LF; =P/P,, in the case of the equivalent AM is
determined according to the following formula:

M
LF,, =) LEwp, (11)
i=1

where LF,, is the load factor of the equivalent AM, LF;
is the load factor of the i-th AM, wp is the weighting

factor relative to the rated active power of the i-th group
of electric motors. The load factor for each AM can be
determined according to the ASFMOPC data. To
simplify the calculations, let us assume that the load
factor for each AM and of the equivalent AM is equal to
0.9. The maximum torque M for the equivalent AM

m,eq

is determined according to the following formula:

n
Mm,eq ~ Zi:l (Mm,iWPi) =
=2.0-0.552+2.1-0.276 +2.5-0.172 = 2.055.

The motor starting current of the equivalent AM
should be equal to the sum of the starting currents of all
AMs. That is why the locked rotor current ratio k,, of

(12)

the equivalent AM to the rated current of the equivalent
AM is equal to the following:

keq = Z?zl(kPi[n,i )/ln,eq =
B 54-745-3+5.1-48-3+58-294-3 B
455.7

When there is no need in providing stability for the
AM during long-term supply interruptions ¢ (# — ),

the starting torque of the equivalent AM M p.eq is

determined according to [10, 11] in the following way:

n
My eq = Zi:I(MPJWP’i) =
=1.0-0.552+1.2-0.276 +1.3-0,172 =1.07.

2) A significant number of motors with
unknown parameters and working mode are
connected to this electrical network node. When used
the averaged data for determination of the equivalent
AM parameters for a 6 kV load node, its parameters can
be expressed by the values specified in [10, 11].

(13)

5.38.

(14)

Averaged values for cos¢,, M,,, M, keq are taken
according to column 2 of Table 2; the rated slip
S, ~0.02.

Table 2 compares parameters in the publication
(column 3) and the averaged parameters of the
equivalent AM (column 2) for a 6 kV load node.

Table 2. Comparison of the calculated and averaged
parameters of the equivalent AM
for a 6 kV load node

Parameters | Averaged [Calculated | Difference in per-
for equi- para- para- centage terms (4)=100-
valent AM | meters | meters (3)-2)/(3)
cos¢, , RU 0.84 0.865 2.90
M, ,RU 2.20 2.055 -7.05
M,,RU 1.40 1.070 -30.80
keg » RU 5.40 5.380 -0.37

The calculation data that are given in column 3 of
Table 2 illustrate that the actual equivalent AM
parameters in a 6 kV load node significantly differ from
their averaged data (the difference being as high as 30%).
That is why when making calculations it is reasonable to
use the data obtained by the described method.

Knowing the number of the energized AMs (or
SMs) is very helpful when solving one more problem —
that is, making preparations for the maintenance and
repair of electric motors (calculating the run of each
motor and its interrepair time).

Conclusions

1. The developed method for the accurate
determination of the equivalent asynchronous motor
parameters in real time mode for a load node consisting
of several groups of similar AMs is realized by using
automatic determination of the number of working AMs
in each group. This method increases accuracy while
obtaining the equivalent AM parameters (the difference
between the calculated and averaged values can be as
high as 30%).

2. Using the calculated values of the equivalent
asynchronous motor parameters increases accuracy
when calculating the static and dynamic stability of an
industrial undertaking power-supply system, and the
nonsinusoidal mode in a network with a higher
harmonics source.

3. The data reflecting the number of the energized
AM can be used to calculate the run of each motor, and
to calculate its interrepair time.

4. The proposed method for determining the
number of working motors is preferred when used for
the determination of the number of working
synchronous motors in each group of the single-type
motors, with further determination of the equivalent SM
parameters.
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Merton BH3HAYCHHS IapaMeTPiB eKBiBAJEHTHOI0 ACHHXPOHHOI0 eJIeKTPOABUIYHA Y peajlbHOMY MacITadi yacy
S1. C. begepak, /1. A. T'anion, A. O. 3yeB

Mertoro aociifzeHb € po3poOKa METONy BU3HAUCHHA y PeallbHOMY 4aci MapaMerpiB eKBiBaJIGHTHOIO aCHHXPOHHOIO
€JICKTPOABUI'YHA BY3/la HABAHTAKCHHSA, L0 CKJIAJAETbCA 3 AEKIIBKOX TPYN OAHOTUIIHMX AaCHHXPOHHMX EJICKTPOIBUTYHIB.
Mertoauka. [{ns npoBelieHHS pO3paxyHKiB OyB po3poOneHuii anroputM, OloK-cxema sKOro HasezeHa y myOmikarii. Takox
HaBe/ICHI PO3paxyHKOBi ()OpPMyIH, IO BPAXOBYIOTb BAaroBy JIOJNIO0 KOXKHOTO JIBUI'YHA Ta iX IDyNM Ha OCHOBI BH3HAY€HHS Ta
aHali3y IaHMX EJEKTPOCHOXKMBAHHSA, OTPHMAHUX 3 MpUIaiB OOJIKY eJIeKTPOeHeprii, BCTAHOBJICHUX HA IPUEIAHAHHAX
eJIeKTpoABUTrYHiB. PedyiabraTn. [y nepeBipkd NPUAATHOCTI PO3POOJICHOrO alropUTMy HaBEICHHH PO3PAXyHOK NapaMerpiB
€KBIBaJICHTHOI MAIlUHY JUIS By31a, sIKUH MicTUTh TpH rpynu nsuryHis (800, 400 ta 250 kBT), 1o Tpu ABUI'YHH B KOXHiH rpyrii.
IIpaxTuyne 3Hauenns. OneprkaHi napaMeTpy €KBIBAJICHTHOIO aCHHXPOHHOI'O €JIEKTPOABUIYHA MOXYTh OyTH BUKOPUCTaHI Juis
BIIPOBA/KEHHS aBTOMATH30BAHOI OLIHKK e()eKTUBHOCTI POOOTH I'PYIHU OZHAKOBUX €JIEKTPOBUI'YHIB, PO3PAXYHKIB CTATHYHOI Ta
JIMHAMIYHOI CTIHKOCTI CHCTEMH €JIEKTPONOCTaYaHHs IIPOMHCIOBOTO MiJIIPUEMCTBA, BU3HAYEHHS €JIEKTPOMArHITHOI CyMiCHOCTI
Ta 3aXUCTY BiJl PE30HAHCHUX SBUII B MEPEXi 3 JKepesoM BHIIMX rapMoHik. CepellHe 3HA4YCHHS PI3HULI B BiJICOTKax MiX
pe3ynbTaTaMy, OTPUMAHUMHU 3aIIPOIIOHOBAHUM METOJIOM i HassBHUMU METOJMKaMH, CTaHOBUTb 5%, a MakcumaibHe csrae 30%.
BucHoBku. Po3po0ieHuii MeTos TOUHOrO BU3HAUCHHS €KBIBAJICHTHHX I1apaMeTPiB aCHHXPOHHOT'O JIBUT'YHA B PEXKUMI pPeaIbHOro
4acy s By3Jla HaBaHTa)KCHHS, 110 CKIANAEThCs 3 AEKUIbKOX rpyn aHanoriuHux AEJl, peanizyeTbcs HUIAXOM aBTOMaTHYHOIO
BU3HAUCHHS KuIbKocTi pobounx AEJ] B koxHii rpymi. Pesynbratu nocnimpkeHHS MOXYTh OyTH BUKOPHCTaHi M PO3PaxyHKY
X0y KOXXKHOro 1BUryHa. [IpornoHoBaHMii Crloci6 BU3HA4EHHs KiJIBKOCTI POOOYMX IBUTYHIB € KpallUM ULl BU3HAUCHHS 4YHUCIa
POOOUNX CHHXPOHHHUX JBUTYHIB B KOXHIH IpyIi OAHOTUITHUX JBUTYHIB.

Knao4doBi ciaoBa: eKkBIBAJICHTHUH AaCHHXPOHHMI €JEKTPOABUIYH; Ipyla OIHOTHUIIHHX €JIEKTPOABUIYHIB; BY30I
HaBaHTAXEHHS; iH)OpMaIifHO-KOHTPOJIbHA CHCTEMA.

Merton onpenesieHnsi NapaMeTPOB IKBUBAJIEHTHOI0 aCHHXPOHHOT 0 YJIEKTPOABUTATE/ISI B PeaIbHOM MaclITade BpeMeHH
S1. C. begepak, /1. A. T'aron, A. A. 3yeB

Hesbio MccaenoBaHmii  sBISIETCS pa3pabOTKA METOAA ONPENCNIEHHs B PEKMME PpEajJbHOrO BPEMEHH IapaMeTpoB
9KBUBAJICHTHOIO ACHHXPOHHOro anekrpoxsurarens (AD]l) y3ma Harpy3ku, COCTOSILETO M3 HECKOIBKUX TPYIII OJHOTUITHBIX
ACHHXPOHHBIX 37eKTpoaBuraTeneil. Meromuka. Jisi npoBeieHUs pacyeToB ObLT pa3paboTaH aaropurM, OJIOK-CXeMa KOTOPOro
npyBeJeHa B MyOiukaimy. Taioke NMpHUBEIEHbI pacueTHble (OPMYIbl, YYUTBIBAOLINE BECOBYIO OO KaXIOTO JBUTATENsl M MX
IpyNIbl, HA OCHOBE ONpEJENeHUs W aHAIM3a JAHHBIX JIEKTPONOTPEOIeH s, MOMyYEHHBIX C NPUOOPOB yueTa 3IEKTPOIHEPIUH,
YCTaHOBJICHHBIX Ha IIPUCOCIMHEHUAX dnekrponsurarencil. Pesymbrarbl. Jnsg nposepku 3ddexkTuBHOCTH pa3zpabOTaHHOTO
aJI'OPUTMA TPUBEJICH PacyeT MapaMeTpOB SKBHBAJIEGHTHOH MAIIMHbI JUIS Y3714, KOTOPbIH COIEPXKUT TpH rpymmsl asurareneit (800,
400 u 250 xBrt), no Tpu nsurarens B Kaxnoi rpymme. IIpakTtndeckoe 3HaveHue. IlonydeHHble MmapaMeTpbl SKBHBAJIEHTHOIO
ACHHXPOHHOI'O 3JIEKTPOJBUIraTelsi MOTYT ObITh HCIIONB30BaHbl Ul BHEIPEHHS aBTOMATH3HUPOBAHHOM OLEHKH 3(QEeKTUBHOCTH
paboThI IPYIIIBI OAMHAKOBBIX IEKTPOABHIaTelell, MPOBEICHHs PacueTOB CTATUYECKOH M JUHAMUYECKOH yCTOHYMBOCTH CHUCTEMBbI
NEKTPOCHAOKEHNS TIPOMBILUICHHOrO TIPEANPUATHS, OLUEHKH IEKTPOMAarHUTHOW COBMECTUMOCTH M 3allUThl OT PE30HAHCHBIX
SBIIECHUI B CETM C MCTOYHUKOM BBICIIMX TapMOHHMK. CpelHee 3HA4YEHHME PpAa3HOCTH B MPOIEHTAX MEXKIY pe3ylnbTaTaMH,
MOTy4EHHBIMU TIPEUIOKEHHBIM METOJIOM M CYHIECTBYIOIIMMH METOIMKAMH, COCTaBisieT 5%, a MakcuManbHoe pocturaer 30%.
BoiBoabl. Pa3paGoTaHHbI METOA TOYHOrO ONPENENICHHS SKBUBAJICHTHBIX MapaMeTPOB ACHHXPOHHOI'O JBUTATeNs B PEXHME
pEabHOrO BPEMEHH Ul Y3Jla HArpy3KH, COCTOSILEIO M3 HECKONBKMX TpyNIN aHajuoruuHelx ADJI, peamusyercs IyTeM
aBTOMAaTHUYECKOro oIpelesieHns KonuuecrBa pabounx ADJl B kaxiod rpymme. Pesynbrarsl ucciefoBaHHS MOryT OBITH
UCIONB30BaHbl Ul pacueTa Xoja KaxJoro Jsuraress. IIpestaraeMblil cnoco® onpejeneHus KolnuyecTBa pabouux ABUrarenei
SIBIISICTCS NPEIIOYTUTEIIBHBIM JUISl OLPE/IeTICHUs] YMCiIa pabourX CHHXPOHHBIX IBUTATeNeH B IPYIIe OJHOTHUITHBIX JBUTaTeleil.

KuawueBbie cJ0Ba: SKBUBAICHTHBIH ACHHXPOHHBIA 3JIEKTPOABMUIATENb; IPYNIAa OAHOTUIHBIX AJIEKTPOJBUraTENeH;
y3el Harpy3ku; HHQOpMaIMOHHO-YIIPABIISIONIAs CUCTEMA.
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