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Abstract. The article considers the problem of development of power loss minimization system in
asynchronous motors with asymmetric voltage supply. The subject of the research is a continuous run
of asynchronous motor based on artificial adjusting of characteristics in the area of nominal slipping
with better energy indicators than at a operational segment of natural mechanical characteristics. The
artificial control characteristic of a drive corresponding to power loss minimization mode is calculated
in advance using the solution of extreme control concern. The paper demonstrates that under conditions
of electric drive supplied by an asymmetric voltage source the one should apply a phase-by-phase
control. The feedback action logic is as follows: reduction of the output voltage of thyristor converter
and motor currents as a reducing of the load on the asynchronous motor shaft occurs. As a result, there
appears the possibility to maintain the load angle equality of all the phases of asynchronous motor to an
optimal value. This allows to solve the problem of power loss minimization in an asynchronous motor
due to the load angle equality to the optimal value, and the problem of symmetrization due to the load
angle equality in motor phases. The most significant result of the research is the developed automated
scheme of symmetrization which is not only efficient with power source voltage asymmetry, but also
with asymmetry of asynchronous motor parameters themselves. The proposed functional scheme of
microprocessor control and the algorithm of control increase the possibilities of automated loss
minimization system.
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Rezumat. Scopul articolului consta in elaborarea unui sistem de minimizare a pierderilor de putere ale motoarelor
asincrone la alimentarea cu tensiune nesimetrica. Obiectul cercetarii este functionarea continua a unui motor
asincron cu caracteristici de reglare artificiala In domeniul alunecérii nominale cu indicatori de energie mai buni
decét in sectiunea de lucru a caracteristicilor mecanice naturale. Reglarea artificiald a tractiunii electrice,
corespunzatoare modului de minimizare a pierderilor de putere, se calculeaza in avans, pe baza solutiei problemei
de control extrem. In cadrul studiului a fost realizata o descriere matematica a modurilor de operare a actionarii
electrice ,,convertizor de tensiune pe baza de tiristori - motor asincron ", in care este posibild reducerea pierderilor
de energie, se realizeaza o diagrama functionala a sistemului pentru minimizarea automata a pierderilor de putere.
Scopul stabilit in lucrare, In conditiile alimentarii cu energie electrica de la o sursa cu tensiune asimetrica, este
realizat prin utilizarea a trei canale de control si trei canale de feedback. Logica actiunii de reactie este de a reduce
tensiunea de iesire a convertizorului pe tiristori si a curentilor motorului reducind in acelasi timp sarcina pe axul
motorului asincron. Ca o consecinta, este posibil sa se mentina egalitatea unghiurilor de sarcina ale tuturor fazelor
motorului asincron la valoarea optima. Acest lucru ne permite sa rezolvim problema minimizarii pierderilor de
putere ale unui motor asincron datoritd egalitatii unghiurilor de incarcare la valoarea optima si problemei
echilibririi datorita egalitatii unghiurilor de sarcina pe fazele motorului. in acest caz, unghiurile de comutare ale
tiristorilor convertizorului de tensiune nu sunt in principiu simetrice.

Cuvinte-cheie: actionare electrica, motor asincron, convertizor pe tiristori, sistem de control, pierdere de putere,
asimetrie de tensiune, echilibrare.

YiyunieHue JHepreTHYECKUX MoKa3aTesieil aCHHXPOHHBIX IBUraTeeil B yCJOBUSIX MUTAHUS
HECUMMETPHYHBIM HaNpsKeHueM
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MPOJIOJDKUTENIbHA pab0Ta aCHHXPOHHOTO JBHUIaTellsl Ha HCKYCCTBEHHBIX PEryJHPOBOYHBIX XapaKTEPUCTHKAX B
00J1IaCTH HOMHMHAJILHOTO CKOJILKEHHSI C SHEPTeTHYECKUMH ITOKa3aTeJsIMU JIyYIIUMH, YeM Ha paboueM ydacTke
€CTECTBEHHOM  MEXaHWYECKOW  XapaKTepPUCTHKH. VICKyCCTBEHHass  pETyIMpPOBOYHAs  XapaKTepHCTHKA
3JIEKTPOIIPUBOJA, COOTBETCTBYIOMIAS PEXHMMY MHUHHMH3AIUU IOTEPh MOIIHOCTH, PAcCUMTHIBAETCS 3apaHee,
UCXOZS M3 PEIICHNUS 3a1a4H S9KCTPEMAIILHOTO YIIPaBIeHHs. B paMKax ucciie0BaHusI BHIIIOIHEHO MaTEMaTHIECKOE
ONMCaHNE PEKUMOB PabOTHI »eKTponpuBoaa «TupucTopHBI MpeoOpasoBaTens HANPSHKCHUA—ACHHXPOHHBIH
JBHUTATENb», B KOTOPHIX BO3MOKHO YMEHBIIICHNE TIOTEPh MOIIHOCTH, BHINOJIHEHA pa3paboTKa (yHKIMOHAILHON
CXEMBI CHCTEMBI aBTOMATHYECKOM MUHUMHU3AaNUH 1TOTeph MomHOCTH. [locTaBnenHast B paboTe 1€k, B yCIOBHAX
MUTaHUS JIEKTPONPHUBOAA OT UCTOUHUKA C HECUMMETPUYHBIM HAMPSKEHUEM, TOCTUTaeTcsl MPUMEHEHUEM Tpex
KaHaJIOB yNpaBJEeHUs M TPeX KaHaIOB oOpaTHOW cBs3M. Jlormka aedCTBUS OOpaTHOW CBSI3W 3aKJIIOYAETCs B
YMEHBIICHUH BBIXOJHOTO HAINPSDKEHUS] TUPUCTOPHOTO MpeoOpa3oBaTesst U TOKOB JABHIaTelNlsl NPU YMEHBIICHUU
Harpy3ku Ha Bajly aCHHXPOHHOrO JBUraTens. BciencTBue 3TOro mosBISETCS BO3MOXKHOCTh HOJIAEPKUBATh
PaBEHCTBO YIJIOB Harpy3ku BceX (a3 acCHHXPOHHOTO JIBUraTejis ONTUMajJbHOMY 3HAYCHUIO. DTO MO3BOJISET
pemiate NpoOieMy MHUHHMHU3AIMU TOTEPh MOIIHOCTH ACHHXPOHHOTO JBHTaTeNsi 3a CYET PABEHCTBA YIJIOB
Harpy3KH ONTUMAJIbHOMY 3HaUCHHUIO M TPOOIEMy CHMMETPHPOBAHHS 32 CUET PaBEHCTBA YIJIOB HATPY3KH MO (hazam
naBuratests. [Ipy 3ToM yriisl BKIIOUESHNS BEHTHIICH THPUCTOPHOTO TPeo0pa3oBaTesl HAPSHKESHHUS IIPUHIUITHAIIBHO
HEe CUMMETpHUYHBL. [IprMEeHeHNe THPUCTOPHOTO MpeoOpa3oBaTeNs HAMPSHKEHHUS AaeT BO3MOKHOCTh PEaTH3alliH
YIPaBISIEMBIX TEPEXOAHBIX ITyCKO—TOPMO3HBIX pEXMMOB. Hambosee cymiecTBEHHBIM pE3yabTaTOM pPabOTHI
ABJISIETCS pa3paboTaHHAs aBTOMAaTH3UPOBaHHAS CHCTEMa CHMMETPUPOBAHUS, KOTopas 3G (heKTHBHA HE TOIBKO MPU
HECHMMETPHUH HaNpsDKCHWH MCTOYHMKA IHUTAHUS, HO U IPH HECHMMETPHH IapaMeTpPOB CAMOTO aCHHXPOHHOTO
nBuraress. [IpemnoxxenHas pyHKIMOHAIBHAS CX€Ma MUKPOIIPOLIECCOPHOTO YIIPABICHHS U AITOPUTM YIIPaBICHHS
pacIIUpSIOT BO3MOXHOCTH CHCTEMBl aBTOMAaTHYeCKOW MUHHMM3aLUU moTepb. CTpyKTypa U CIO0XHOCTB
ITOPUTMA YIPABIICHUS! MOTYT IPETEpPIEeBaTh U3MEHEHHS B 3aBUCUMOCTU OT (DYHKLHMOHAJIBHBIX BO3MOXKHOCTEH
3JIEMEHTOB 3JIEKTPOIIPHUBO/IA.

Krouesvie cnosa. >1eKTpONPUBON, ACUHXPOHHBIM JABMrarenb, THPUCTOPHBIA IpeoOpas3oBaTenb, CHUCTEMa
YIIPaBIECHUS, OTEPH MOIITHOCTH, HECUMMETPHS HAIIPSHKCHUH, CHMMETPUPOBAHHE.

Introduction using a thyristor voltage converters (TVCs),
which permit to provide the continuous AM
running based on adjusting characteristics in the
area of rated slipping with less losses than at the
operational segment of natural characteristic [13,
14].  Wherein the necessary  adjusting
characteristic is calculated on the basis of the
solution of extreme control problem according to
the minimal power losses criterion [1]. The
researches in [10-15] solve a problem of loss
decrease justification in asynchronous motors and
synthesis of energy-saving control systems.
However, the offered variants were developed
and recommended for usage with the standardized
indicators of power supply voltage quality and
were completely invariant to their changes [4, 16].
The run of the automated systems of such kind
under the conditions of power supply voltage
asymmetry is not efficient and does not lead to the
loss reduction in asynchronous motors [9, 12].
There is much less information about
compensation of negative effects in AM, being
supplied by an asymmetric voltage source, by
means of electric drive control systems [17-19].
Most researches are limited with the development
of power supply symmetrization means or with a
propose to solve the mentioned problem by means
of frequency converters with the AM operational
moment limitation [20-24]. Along with this the
synthesis and usage of the electromechanical

An asynchronous motor (AM) demonstrates
high energy indicators in running at the rated
operation. The deviations from the rated operation
of the AM running as a result of decreasing the
load on the shaft leads to the efficient degradation
of their (indicators) energy characteristics [1, 2].
The solution of this problem leads to the interest
to automated electromechanical systems, which
allow to decrease the AM power losses in their
underloading [1-3]. It is also known that the
standardized indicators of electric energy quality
do not correspond to the required ones, which
determines possibilities of AM run e.g. under
conditions of power supply voltages asymmetry
[4-5]. The asymmetric operation modes affect
negatively on the work indicators of electrical
machines [6, 7]. Magnetic fields arising rotate at
synchronous speed not only in the direction of
rotor turning but also in the opposite direction.
This leads to “parasitic” oscillations at frequency
100 hz. The extra stator heating occurs due to
exceeding one or two phase AM currents of rated
value [8, 9].

Theoretical and practical problems of AMs
energy indicators improvement in their (ADs)
incomplete loading by means of electrical drive
are given a lot of attention in scientific and
engineering literature [1, 10-14]. The problem
mentioned above is recommended to be solved by
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automated system, which would permit to solve
problems on losses reduction in a motor in its
underloading and under the conditions of power
supply asymmetry appearance — to combine this
function with one of AM currents symmetrization
is of greatest interest as well.

Problem statement

The goal of research is as follows — to develop
a system of AM power loss minimization in
supply with asymmetric voltage.

In order to achieve the goal the following tasks
have to be done:

- to justify the method of loss reduction in AM
by means of TVC,;

- to develop a structure of losses minimization
system in AM based on its element synthesis;

-to develop a circuit and algorithm of
microprocessor control by the loss minimization
system.

Research methods

The problem of loss minimization in reducing
the load at AM shaft can be solved by a drive with
a thyristor voltage converter. The continuous
work based on adjusting characteristics in the area
of rated slipping with less losses in AM than at the
operational segment of natural characteristics is
planned. The main influence is an output
converter voltage, but asynchronous motor
running occurs according to the appropriate
mechanical adjusting characteristic.

Voltage control is performed down the rated.
Adjusting characteristic is calculated beforehand
on the basis of the solution of the problem of
extreme control in accordance with minimal
power losses. In analytical description of energy
transformation  processes a number  of
assumptions is taken into account: linearity of
AM magnetic circuit; linearity of operational
segment of AM’s artificial mechanical
characteristic; considering the first harmonic
constituents of currents and voltages of the
motor’s stator.

This allows to obtain an analytical dependence
of the control law, which corresponds to the
optimal mechanical characteristic for any of
known types of asynchronous motors. Four main
constituents of AM losses are taken into account
[26]. For the further analysis it is suitable to divide
them into two groups load loss and
magnetization one.

It is known that load loss, existing in AM
under the rated operation conditions, is described
by two constituents [1]
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AR, =APg + AR ,

1)

where AP, — losses in the stator’s copper due to

the load current at the operational moment of
load, W; AP, — losses in the rotor’s copper due

to the load current at the operational moment of
load, W.

Total magnetization losses in a motor at the
operational running mode are indicated as follows

(2)

+AP,

sm?

ARy = APycom
where AP, — losses in the stator’s copper due to
magnetization current, W; AP,
steel, W.

In adjusting the AM coordinates by means of
converter voltage change, load losses and

magnetization losses are indicated by the relations
[25]

— losses in AM’s

M, s

AR =& AR,
Mn n (3)
MC

APy = € ARy,

e

where M,— a moment based on the natural

characteristic in slipping, which is equal to the
slipping in the artificial characteristic in reduced
voltage U, <U,, .

If we take into account the accepted
assumptions, the equality M, /s=M, /s, , which
gives the possibility to express the moment M.
value through the slipping, is right.

Then the losses are determined according to
the equation

APIn M S+APOmSn

M
¢ M

AP = AP +AP, =

(4)

1
M,s °s’

n n

There is some slipping, during which total
losses in the motor are minimal. The problem
concerning the obtaining of this optimal slipping
can be solved by extremum researching of the
function (4) and indicating the value s, with which
the value APpossesses a minimal value. For
analytical solution it is necessary to make a partial
derivative with observance of slipping AP equal
zero. This equation solutions characterize the
extrumum of researched function. The condition
of power loss minimum requires AM in the first
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(third) quadrant to run according to the adjusting
characteristic with slipping

SW:S"*{AT,“’ )
The power loss minimum condition is

observed in performance in the area of operational
moments from zero to some boundary moment
Mb

(6)

Mb _ Mn AI:)Om ,

\} AR,
The boundary moment value corresponds to
intersection of the adjusting mechanical
characteristic and natural one and does not depend
on the present moments of load and AM speed.

Fig. 1 represents the idea about mechanical
characteristics of the asynchronous motor run on.
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Fig. 1. Mechanical characteristics of motor 4A90L4.

Curve 1 is a linearized segment of the natural
mechanical characteristic. Here is a segment of a
real natural mechanical characteristic of AM
4A90L4 (characteristic 1°) presented for
comparison, which allows to estimate the
linearization influence. Straight line 2 is an
adjusting characteristic corresponding to the
optimal control law as a regard to the minimal loss
criterion. Characteristic 3 corresponds to the AM
adjustment with rated slipping. All of the
operational points of characteristic 2 correspond
to the optimal mode. With the increase of moment
this characteristic intersects the natural one in
point b (b’) corresponding to the boundary
moment M, . With the further load moment

increase the mode stops being optimal. This point
position and operational segment width of the
optimal adjusting characteristic depends on the
correlation among the losses used for
magnetization and on the load at the rated mode.
As follows from (6) a boundary moment for each
of the asynchronous motors is only determined by
own parameters of AM. In both cases in
increasing or decreasing the slipping as a regard
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to characteristic 2, the losses in AM are enhanced.
In decreasing the slipping loss increase is limited
by the natural characteristic. In increasing the
slipping in the lower part a conditional boundary
can be formed, in which the losses are equal to the
ones on the natural characteristic. This boundary
corresponds to the line 4 and is called “equal
losses line” [14]. An area limited with a segment
a — b of the natural characteristic, axe of slipping
and equal losses line 4 is an area, in which the
modes with less losses than the ones (losses) with
the natural characteristic in AM, can be formed.
This area is used during optimal control according
to the minimal loss criterion. Other characteristics
embrace the less width of this area, and as to
characteristic 3 it has a segment ¢ — d, which is
beyond the mentioned area. In this segment the
motor runs not only in the suboptimal mode, but
with the power losses exceeding the ones on the
natural characteristic [25].

Technical implementation of the loss
minimization mode in steady state is possible only
in closed electrical drive systems. Wherein it is
impractical to use the feedback proportionally to
slipping (speed) since the electrical drive
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operation occurs in the area close to the rated
slipping [26]. This imposes strict requirements to
a measured value accuracy and is not always
justified. The most perspective one is a method
based on power factor constancy at the
minimization mode. The feedback signals in this
case are load angles — &. For each of AMs in
analogy with the optimal slipping there is some
angle Oopt » At which the power losses are minimal,

it is indicated by [3].

Qun

11

Oopt = arcty

AP, 0
P, = @M, + AP, —2™ + AP
11 0'"V'b cll APch Om>

where Qu4, — rated reactive power AM, VAr; AR,

— active power consumed by AM on the natural
characteristic with load M_,=M,, W; AP —

losses in AM stator’s copper with the rated load,
W.

Results of research

Research of possibility to minimize the losses
in AM under the conditions of power supply (PS)
voltage asymmetry is of great interest. It is
obvious that minimization mode of losses in AM
does not lead to asymmetry. But at the same time
the stator’s currents Symmetrization lead to
efficient improvement of AM power indicators.
However, the automated symmetrization systems
are not invariant to load change [25]. Popular
automated loss minimization systems (LMS) are
suggested to be used in the power supply and AM,
which parameters are symmetrical in phases. In
these LMSes a single controller is used, and
symmetrical control and TVC’s thyristor
adjustment are utilized. Under the PS voltage
asymmetry conditions, it is necessary to use a
separate phase-by-phase control, which requires a
usage of three control channels and three
feedback channels. This allows to solve the
problem of power loss minimization in AM due to
the load angle equality to an optimal angle Jqy

and to obtain the symmetrization effect due to the
angle & equality in AM phases. The functional
scheme of automated system of power loss
minimization in AM with the symmetrization
functions is demonstrated in Fig. 2.

It includes: TVC, AM, a device forming a
control signal (DFCS) in the angle &, function;

channels of control of AM phases (CCPA, CCPB,
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CCPC); channels of feedback of each phase
(CFPA, CFPB, CFPC). The composition of each
control channel contains a Pl-regulator of angle &
(R3) and pulse-phase control system — PPCS
(Fig.3, a).

Each feedback channel includes (Fig.3, b): a
detector of angle 5 (D&) measuring the current
lag angle for every half of TVC voltage period and
converting the angle value into the present voltage
of feedback U, (U, Uic); a storage element

(SE) keeping a feedback voltage value, a
magnitude of which is renewed in a time interval
t = 0,01 s. The minimization system operation
begins with finishing the transient process of
motor starting.

The principle of power supply operation with
symmetrical voltage is as follows: in load
reduction at AM shaft (angle & increase) the
action of feedback leads to decrease of output
voltage of the thyristor converter, which in turn
leads to AM’s stator currents decrease.

As a result it is possible to keep the angles &
equality to the required value Jq.

This allows to solve the problem of loss
minimization. In supply from a power source with
asymmetric voltage both losses minimization in
AM and currents symmetrization  are
accomplished due to the equality of angles & in
each of the AM phases.

Wherein the valve switching-on angles of the
thyristor converter are asymmetric in principle
[14].

The calculation of automated system
parameters is performed on the example of
asynchronous motor 4A90L4. Optimal angle &
value can be obtained from equations (6) and (7)

M, =14,8 187,3 =10,6 Nm;
364,7

P, =157-10,6 +304,7 ;iéz? +187,3=2007,9 W; (9)

(8)

1680,1

O, = arct
opt g 2007,1

=39,9 el. deg. (120)

The system of pulse-phase control is described
according to the equation

a=0-Kppcs o ot r » (11)

where Kppes ,— Coefficient of PPCS transferring,
relative units.
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Wherein the PPCS transferring coefficients
are indicated as follows
Kppcs o = Umax ! Yout r max =120/10=12 rad/V. (12)

It is possible to describe the feedback channel
by means of an amplifying link with the transfer
coefficient

where U g .« =10 V — maximal feedback voltage.

Angle 5, under typical conditions in the first

guadrant does not exceed 90 el. degrees, however
with the presence of sufficient voltage asymmetry
of power supply its value can achieve 120 el.
degrees in some phases [27]. The input signal
detector voltage is indicated in accordance with
condition of the set voltage equality and feedback

Kt =U o max / O » (13)  voltage with the angle 5 value, which is equal to
the &, ONE.
——®~ ccp4 P2 U s
Uss ® cCcPp | TVC U Ys,| AM [ |ls
CCPC = Je e
U
©2  CFP4
DFCS Uspg
CFPB
Utbc
CFPC

Fig.2. Functional scheme of the automated loss minimization system in AM.

| SE

[<—® @— D&

Fig.3. Functional schemes: a — control channel and b — phase A feedback channel of the loss
minimization system.

Ugs = 5opthb ) (14)

Each angle & regulator is a Pl-regulator,
which is described by transmission function [28]

1 1
K, K Ky K Iz
H.s(p) = M MTve M MTve _
P Kup2TeKs 4Tz pKg 2T K5 (15)
:Kp+ﬁ,
p
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where K, and K; — coefficients of proportional as follows: K, = 046 and K; =16.2,
and integral constituents, respectively. respectively.
For the considered motor 4A90L4 calculated
values of the angles s controllers coefficients are
MC
| MP IC PT :
i 3 X lAB Y 3 Y 3 3 3 i
i 5B i PPCS VC AM .
i yvy Yy vy yvy i DM
' |pMD | |OoMD | | TUD [
i YYX} i
DSA |
CD |
D3B |,
D3C |

Fig. 4. Functional scheme of microprocessor control.

The functional scheme of microprocessor
control of the loss minimization system is
presented in Fig. 4 for general case.

The scheme  demonstrates: MC -
microcontroller, which includes MP —
microprocessor; IC — interruption controller; PT —
programmable timer; PMD — permanent memory
device; OMD - operational memory device; IUD
— input-output device; AB, DB, CB — address bus,
data bus, control bus. In the scheme one can also
see the following: PPCS — pulse-phase control
system; TVC — thyristor voltage converter; AM —
asynchronous motor; DM — drive mechanism;
DSA, DéB, DSC — angle & detectors of phases
A, B, C, respectively; CD — control desk of the
loss minimization system.

The microprocessor control system of LMS
performs the base functions: calculation of the

required angle & depending on parameters of
motor used, and forming the driving signal U,

based ong,, calculation; calculation of

regulators parameters and performing the angle &
regulators functions, forming control signals;
updating the feedback signals and keeping their
values during the power supply voltage half-
period; controlling the voltage of every TVC
phase in the function of calculated angle &, and

the present feedback signals; control of running
the loss minimization system by means of
information exchange between a system and a
control desk.

Algorithm of control system operation is based on
the LMS run principles and demonstrated in Fig.
5.
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Fig. 5. LMS control algorithm.

Operation of system starts from a signal from
the control desk or in automatic way on
completing the transient process connected with
AM speed change. After signaling about the
beginning of a run the MP performs LMS control,
diagnosing all its elements. If a kind of

32

malfunction is detected, the information is sent to
the control desk, and the system is automatically
switched out. A control desk operator permits a
repeated switching-on after detecting the reasons
of malfunction and troubleshooting. If the control
is successfully performed the operator should



PROBLEMELE ENERGETICII REGIONALE 1-1 (40) 2019

enter from the control desk the drive parameters
(or select them from database) necessary for
calculation of the angle o, and angles &

regulator  parameters by  microprocessor.
Generally, this operation is required and carried
out during the first start of control system. In the
course of the next system start and under the
condition of invariability of power unit of drive
elements this is executed in automatic way
without operator’s action. On calculating the
optimal control angle the forming of the preset
signal U, voltage is carried out. The start of

timer counters, which are necessary for counting
time intervals, occurs. The feedback signals,
which are formed by the angle § detectors, are
updated for a time equal to power supply voltage
half-period. This implies a pause equal t = 0.01 s.
in the beginning of a voltage regulation process.
After this time interval finished detectors
determine the information of the present angle &
values, according to which the feedback U A,

U4B, U4, C voltages are formed. These values are

memorized in the storage elements and kept
during the next time interval t = 0,01 s. The
necessity to transit to the main run characteristic
(in PS voltage asymmetry and the load moments,
which are more than a boundary ones) was
justified before. To do this the forming of
reference voltage was implemented in the
operation algorithm. The reference voltage U,

value is compared with a set voltage U . If the
condition U,, <U; is observed, the dead pause

values of TVC phases in synchronizing with the
load current equal zero. After this the banning on
volt-age adjustment and AM transition to the
main characteristic continues. If the condition is
not observed, the LMS running limitation is not
required.

The subsequent algorithm procedure of
control system operation is the verification of the
following conditions: Ugs >U g, Ugs >U g and

U, >Ugc. I the set voltage U,; exceeds the

present feedback voltage, the control voltage is
zero. This corresponds to the fact that the PPCS
dead pause vi value does not change and
corresponds to the previous step yg.1) value, which
is right for each phase. If the condition Ugs >Uy,

in any phase is not observed, then the control
signals, which determine the present values of
PPCS dead pause vi, are formed. After forming
the PPCS control pulses, corresponding to the
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dead pauses y in each phase, the voltage
adjustment of TVC, AM and drive mechanism is
performed. Timer counters increment and
presentation of information about the present
values of LMS parameters to the control desk is
carried out.

Time countdown is performed by timers
before  LMS run completion. LMS run
interruption can be performed by an operator,
diagnostic of system or one of drive protection
devices [27]. On completing the drive running the
information of the system parameters is presented
to CD. If the system run is not completed, the
cycle is repeated wherein the feedback voltages in
the storage elements are updated not after each
timer counter increment, but int =0.01s.

The structure and control algorithm
complexity can be changed depending on the
functional capabilities of TVC-AM drive
elements [8, 9]. For example, ensuring the electric
drive parameter control in each time moment
corresponding to the timer counter increment, the
adaptive angles 6 controllers should be used. In
this case the controller parameters are not fixed,
but calculated by the microprocessor after each
timer counter increment. As mentioned above,
this allows to increase the LMS operation speed.
Depending on the offered microprocessor system
run algorithm, one can choose the necessary
control system hardware, which is not difficult, if
the modern level of development and variety of
the microprocessor means are taken into account
[10-14]. Basic requirements, which MC loss
minimization system should meet, are the
presence of necessary integrated peripheral
devices and principal possibility to perform an
algorithm of the mentioned complexity. In
addition the electrical drive TVC-AM along with
the modes of symmetrization and power loss
minimization is to provide commonly accepted
functions of AM smooth descent and braking [9,
10].

Conclusions

1. Artificial adjusting characteristic of a drive
corresponding to the power loss minimization
mode is calculated in advance based on the
solution of an extreme controlling problem.

2. Engineering implementation of the loss
minimization mode in steady state is possible only
in closed electrical drive circuits. It is not
reasonable to use a slipping feedback since the
electrical drive operation occurs in the area close
to a rated slipping.
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3.The structure of automated loss
minimization system with the simultaneous
symmetrization functions in supply from an
asymmetrical voltage source is offered. Separated
phase-by-phase control that implies the usage of
three channels of control and three channels of
feedback is implemented in the system.

4. The problem of AM power loss
minimization is solved due to preservation of the
load angles 6 equality to the optimal value. In
supply from the asymmetric voltage source both
the simultaneous AM power loss minimization
and simultaneous current symmetrization are
achieved due to the angles equality in each phase
of asynchronous motor. Wherein the valves
switching-on angles of the thyristor voltage
converter are asymmetrical basically.

5. The developed automated symmetrization
system is efficient due to design peculiarities not
only in power supply voltages asymmetry, but
also with the asymmetry of asynchronous motor
parameters themselves.

6. The offered functional scheme of
microprocessor control and control algorithm
increases the capabilities of automated loss
minimization system. The structure and control
algorithm complexity can be changed depending
on the functional drive element capabilities.
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