Power Stations, Grids and Systems
UDC 621.316.11

doi: 10.20998/2074-272X.2016.5.10

A.V. Voloshko, Ya.S. Bederak

A METHOD OF AUTOMATIC DETERMINATION OF THE NUMBER OF THE
ELECTRICAL MOTORS SIMULTANEOUSLY WORKING IN GROUP

Purpose. Propose a method of automatic determination of the number of operating high voltage electric motors in the group of
the same type based on the determination and analysis of the account data of power consumption, obtained from of electric power
meters installed at the connection of motors. Results. The algorithm of the automatic determination program for the number of
working in the same group of electric motors, which is based on the determination of the motor power minimum value at which it
is considered on, was developed. Originality. For the first time a method of automatic determination of the number of working of
the same type high-voltage motors group was proposed. Practical value. Obtained results may be used for the introduction of an
automated accounting run of each motor, calculating the parameters of the equivalent induction motor or a synchronous motor.
References 7, figures 2.
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Ilenvio uccnedosanuii aenaemca paspadbomka Memooa aGMOMAMUYECKOZ0 ONpedesieHus KOau4ecmea padomaioujux
INeKmpoosuzameneil 8bICOK020 HANPANCEHUA 8 2Pynne OOHOMUNHBIX HA OCHO8Ee ONPedeNeHUA U AHANU3A YUEHHBIX OAHHbBIX
NeKMPOnOmMpednenus, nOIYYEHHbIX C HPUOOPOE yuema IEeKMPOIHEPZUU, YCHIAHOBIEHHbIX HA HPUCOCOUHEHUAX
anekmpoosuzamenei. Pazpaboman anzopumm Rnpozcpammvl agMOMAMUYECKO20 ONpedeNeHus KOau4ecmea pasomaroujux
nekmpoosuzamenei ¢ cpynne oonomunnwvix. Ilonyuennvie pesynomamuvt Mozym Golmb UCHONB308aHBL 0151 GHEOPeHUs
AGMOMAMU3UPOGANHO20 6€0eHUsl yuema Hpodeza Kax)coozo INeKmpoosuzamens, pacdema RAPAMEMPOos IKEUBAIEHMHOZO
acunxponunozo (A/l) unu cunxponnozo osuzamenn (C/), komopule é c6ot ouepedv 6 OanvHeluuem Moym NPUMEHAMBCA ONA
ouenku IPgexmusnocmu padbomsl pynnvl 00UHAKOGHIX INIeKMpPoOguzameneli, npoGedeHUe pPACUEmMos CHMAMU4ecKoil u
OUHAMUYECKOU YCMOUYUBOCHIU CUCMEMbL ITIEKMPOCHADIHCEHUS NPOMBIULIEHHO20 npeonpuamus, colepycawen A/l unu C/1.

bu6n. 7, puc. 2.

Kniouesvie cnosa: acCHHXPOHHBINH U CHHXPOHHBIH 3/1eKTPOABUIaTe/IU, TPYNIIa OAHOTHIIHBIX 3JIeKTPoABUraTeJieil, mpooder.

Introduction. In practice it is impossible to
determine the number of network-connected induction
(IM) or synchronous (SM) electric motors in a group of
one kind without visual control.

Often in electrical equipment to tires 6-10 kV
multiple IM are connected, in general, of different type
and capacity. In assessing the resulting impact of motors
on the short-circuit current at the site of injury it is
advisable to replace all the motors or some of their groups
by one equivalent IM. For the equivalentation of IM the
following parameters are input: the nominal value of the
rated power P,,,; the relative value of starting current /,;
multiplicity of starting m, and maximum m,,, torques. In
the formulas for calculating the equivalent IM they use
their number of similar IM n in the group [1]. For
example, nominal active power of equivalent IM P, ex
of the group consisting of » motors of rated power of each
P,y 1s determined by the formula [1]:

n
Prom.ekv. = ZP nom-
j=1

Therefore, to obtain accurate value of equivalent IM
parameters we must determine accurately their number. A
similar problem is and for groups of SM, too.

The goal of the work is to develop a method for
automatically determining the number of working
electrical motors of voltage of 6 kV in a group of similar
ones based on the definition and analysis of power
consumption credential obtained from electricity meters
installed on electric connections of motors. The feature of
electric motors operation is that the load on their shaft to
vary widely. So, when operating multiple IM or SM
simultaneously, simple definition of electric power

consumption by the group of motors makes it impossible
to determine the number of working motors

Analysis of recent investigations and
publications. Parameters of equivalent IM or SM (power
factor, load factor, maximum and starting torques,
parameters of equivalent circuit, etc.) are used to assess
the effectiveness of the group of the same IM or SM,
calculation of static and dynamic stability of electricity
supply systems of industrial enterprises which includes
IM or SM, periodic component of the inrush current, to
determine residual voltage on tires of power supply
during self of IM or SM and other problems. [1]. The
theoretical basis of operation modes of IM and SM are
developed by Syromiatnikov I.A. in [2]. Problems of
stability of a single IM or SM as well as their groups are
considered in works by Gurevich LE. [1]. The tasks of
increasing the stability of IM and SM at a temporary loss
of power are considered in works by Fishman V.S [3],
Tidzhiev M.O. [4], Mikhalev S.V. [5].

Material and results of investigations.

IM or SM can operate in a wide range of power
capacity from non-working power to nominal one.
Therefore, it is necessary to select a minimum value as a
percentage of the nominal power which would be
indicative of the on state of each motor. According to [2]
the current non-working course of IM [j; is calculated as
follows:

€os (pnom )
s

Iis =Inom “(sin Prom —
2
bnom + Vbnom -1

where 1, is the rated current of the electrical motor;
cos@,.m 1s the rated power factor; b,,, is the ratio of
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maximum torque to nominal one on the IM shaft
Calculations carried out by IM catalogue data
(cos@uom = 0.8...0.92; b,,, = 2...2.7) suggest that the
minimal value 7, is in the range of 25 % to 40 % of the
rated current of the motor. The minimum load on the SM
shaft ranges from 35% to 50% of the rated current of the
motor [2]. These ratios are used to determine the working
state of IM or SM.

To determine the number of IM or SM in is
proposed to set in relay compartment on each connecting
of high-voltage electric motors (Fig. 1) electronic
multifunction electricity meters that measure in real-time
current, voltage, power, frequency and other parameters
of the power consumption mode, and ensure the
collection, processing and data transfer in the automated
system of control and accounting of electrical energy
(ASCAE) in real time.

To the tires of 6 kV of the substation (Fig. 1) three
identical high voltages IM are connected. On each IM
connection an electronic energy meter is installed. All
meters are connected to ASCAE of the enterprise. The
values of active power of the electric motor are collected
in real time.
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The measured values after checking for faults are
used in specially developed software controlling the IM or
SM on state. When the load on each IM or SM more than
25 % of the rated power P,,, of the electric motor, it is
deemed to be on.

An algorithm of the software that monitors switched
IM or SM is shown in Fig. 2.

The software operates as follows.

The initial data are the number of mounted m and
operating n electric motors measured by the meter value
of power of the i-th motor and its rated power. The
counter of the software starts counting from 0. When the
load on the first electric motor exceeds 0.25P,,, of the
motor, it is deemed to be on. The same procedure is
followed with each next motor. When and i = m, then the

procedure completes its operation and as output the
calculated number of operating electric motors in the
group of the same type is obtained.

n — number of operating electrical motors

m — common number of electrical motors

i — counter of the number of electrical motors
P; - active power of the i-th electrical motor

Yes

No Pi > 0,25Pnom

n=n+1

i=i+1

Fig. 2. Algorithm of software controlling the on state
of the IM or SM

The analysis showed that knowledge of the number
of operated IM and SM be used and for another task of
maintenance and repair of electric motors (calculation of
each electric motor run, calculate of its overhaul period).

Journal of IM and SM run allows to obtain the exact
duration of its operation which guarantees the overhaul
period. For timely repair of main electrical equipment it is
necessary to fill in an electrical motors run journal at the
enterprise. In [6] it is proposed to fill in the run journal
electronically but not defined ways of the solution to this
problem. Calculation of the number of on motors in real-
time makes it possible to solve this problem with minimal
cost of labor staff.

To calculate the run of each electric motor it is
necessary to know if it operates at the current moment of
time or not. So, when in real-time there is information
about on state of each IM or SM it is possible to
determine the number of hours they operated for any
length of time (month, year). By these data turnaround
time is calculated. Called turnaround time is interval of
equipment operation between next running repair which is
measured by the number of hours operated [7].

Conclusions.

1. A method for determining the number of operated
IM or SM in a group of similar electric motors by
controlling the load on each motor connection by
electricity meters which allows for a wide range of
varying load on the motor shaft is developed.

2. The resulting value of the number of operating IM or
SM may be used for automated accounting of each motor
run, determine the parameters of the equivalent IM or SM
which are used for the calculation of static or dynamic
stability of electricity supply systems in the industry,
evaluating the effectiveness of the group of identical
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motors, periodic component of inrush current, determine
the residual voltages on the tires of the power source at
self, etc.
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